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Ammonia contains the elements nitrogen and hydrogen. It is manufactured from these
in the Haber process.

The forward reaction is exothermic.

N,(g) + 3H,(9) = 2NH4(9)

(@) (i) Nitrogen is obtained from liquid air by fractional distillation. Why does this technique

separate liquid oxygen and nitrogen?

(b) The table shows how the percentage of ammonia in the equilibrium mixture varies with
pressure at 600 °C.

(ii)

(iif)

percentage ammonia 8 12 | 15 | 20

pressure/atm 200 | 300 | 400 | 500

Explain why the percentage of ammonia increases as the pressure increases.

How would the percentage of ammonia change if the measurements had been made
at a lower temperature?
Explain your answer.
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() Ammonia is a base.

(i) Name a particle that an ammonia molecule can accept from an acid.

(d) Given aqueous solutions, 0.1mol/dm3, of sodium hydroxide and ammonia, describe how
you could show that ammonia is the weaker base.

(e) Another compound that contains nitrogen and hydrogen is hydrazine, N,H,.

(i) Draw the structural formula of hydrazine. Hydrogen can form only one bond per
atom but nitrogen can form three.

(ii) Draw a diagram that shows the arrangement of the valency electrons in one
molecule of hydrazine. Hydrazine is a covalent compound.
Use x to represent an electron from a nitrogen atom.
Use o to represent an electron from a hydrogen atom.

(3]
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Some of the factors that can determine the rate of a reaction are concentration, tem
and light intensity.

(@) A small piece of calcium carbonate was added to an excess of hydrochloric acid. The
time taken for the carbonate to react completely was measured.

CaCO,4(s) + 2HCl(aq) — CaCl,(aq) + CO,(9) + H,O(l)

The experiment was repeated at the same temperature, using pieces of calcium carbonate
of the same size but with acid of a different concentration. In all the experiments an
excess of acid was used.

concentration of
acid/moldm™3 4 2 2

number of pieces
of carbonate 1 1 2 1

time/s | . 80 | .......... 160

(i) Complete the table (assume the rate is proportional to both the acid concentration
and the number of pieces of calcium carbonate). [3]

(ii) Explain why the reaction rate would increase if the temperature was increased.

(iii) Explain why the rate of this reaction increases if the piece of carbonate is crushed
to a powder.

(iv) Fine powders mixed with air can explode violently. Name an industrial process
where there is a risk of this type of explosion.

(b) Sodium chlorate(I) decomposes to form oxygen and sodium chloride. This is an example
of a photochemical reaction. The rate of reaction depends on the intensity of the light.

2NaClO(aq) — 2NaCl(aq) + O,(g)

(i) Describe how the rate of this reaction could be measured.
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(ii) How could you show that this reaction is photochemical?

5

(c) Photosynthesis is another example of a photochemical reaction. Glucose and more
complex carbohydrates are made from carbon dioxide and water.

(M)

Complete the equation.

6CO, + 6H,0 —> CgH,0g + wovoovnens [2]

(ii) Glucose can be represented as

HO—[__J—oOH

Draw the structure of a more complex carbohydrate that can be formed from
glucose by condensation polymerisation.

(2]

3 Zinc blende is the common ore of zinc. It is usually found mixed with an ore of lead and
traces of silver.

(@ (i)

(ii)

(iii)

Describe how zinc blende is changed into zinc oxide.

The boiling point of lead is 1740 °C and that of zinc is 907 °C. Explain why, when
both oxides are reduced by heating with carbon at 1400 °C, only lead remains in
the furnace.

For
Examiner’s
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(b) A major use of zinc is to make diecasting alloys. These contain about 4% of al
and they are stronger and less malleable than pure zinc.

(i) Give one other large scale use of zinc.

(ii) Describe the structure of a typical metal, such as zinc, and explain why it is
malleable.

(iii) Suggest why the introduction of a different metallic atom into the structure makes
the alloy stronger than the pure metal.

(c) A solution of an impure zinc ore contained zinc, lead and silver(I) ions. The addition of
zinc dust will displace both lead and silver.

(i) The ionic equation for the displacement of lead is as follows.

change 1

| \

Zn(s) + Pb2*(aq) — Zn*(aq) + Pb(s)

A

change 2

Which change is reduction? Explain your answer.
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4  Esters occur naturally in plants and animals. They are manufactured from petroleu
ethanoate and butyl ethanoate are industrially important as solvents.

(@) (i) Explain the term solvent.

(ii) Give the formula of ethyl ethanoate.

(1]

(iii) Ethyl ethanoate can be made from ethanol and ethanoic acid. Describe how these
chemicals can be made.

ethanol from ethene

............................................................................................................................... [2]
ethanoic acid from ethanol
............................................................................................................................... [2]
(iv) Name two chemicals from which butyl ethanoate can be made.
............................................................................................................................... [1]

(b) The following equation represents the alkaline hydrolysis of a naturally occurring ester.

C17H35_ COZ_CHZ CHon

C17H35_ COZ_CH2 CH2OH

(i) Which substance in the equation is an alcohol? Underline the substance in the
equation above.

(1]

(i) What is the major use for compounds of the type C,,H;,COONa ?
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8

(c) A polymer has the structure shown below.

—c";—E—C—o—E—o—
O

|
0

(i) What type of polymer is this?

(ii) Complete the following to give the structures of the two monomers from which the
above polymer could be made.

_I:I_

(2]
(d) Esters are frequently used as solvents in chromatography. A natural macromolecule
was hydrolysed to give a mixture of amino acids. These could be identified by

chromatography.

(i) What type of macromolecule was hydrolysed?

(iii) Explain why the chromatogram must be sprayed with a locating agent before the
amino acids can be identified.

(iv) Explain how it is possible to identify the amino acids from the chromatogram.
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9
5 Sulphur dioxide, SO,, and sulphur trioxide, SO, are the two oxides of sulphur.

(a) Sulphur dioxide can kill bacteria and has bleaching properties. Give a use of sulp
dioxide that depends on each of these properties.

(i) ability to Kill bacteria ..........coovvvviiiiiiiiie [1]
(ii) bleaching Properti®s ........oooiiiii i [1]
(b) Sulphur trioxide can be made from sulphur dioxide.

(i) Why is this reaction important industrially?

............................................................................................................................... [1]
(ii) Complete the word equation.

sulphur dioxide + ......cooviiiii —> sulphur trioxide  [1]
(iii) What are the conditions for this reaction?

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

(c) Sulphur dioxide is easily oxidised in the presence of water.
SO, + 2H,0 - 2e- — SO, + 4H*

(i) What colour change would be observed when an excess of aqueous sulphur
dioxide is added to an acidic solution of potassium manganate(VII)?

(ii) To aqueous sulphur dioxide, acidified barium chloride solution is added. The mixture
remains clear. When bromine is added, a thick white precipitate forms. What is the
white precipitate? Explain why it forms.

(d) Sulphur dioxide reacts with chlorine in an addition reaction to form sulphuryl chloride.
SO, + Cl, — SO.Cl,

8.0 g of sulphur dioxide was mixed with 14.2 g of chlorine. The mass of one mole of
SO,Cl, is 135¢.

Calculate the mass of sulphuryl chloride formed by this mixture.
Calculate the number of moles of SO, in the mixture = ..................
Calculate the number of moles of CL, in the mixture = ..................
Which reagent was not in excess? .......ococvviiiiiiiiiiinnnnn.

How many moles of SO,Cl, were formed = ...................
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