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ETHYNE

Ethyne, often still known by its old name of acetylene, is the simplest alkyne. With molecular formula
C,H,, it contains a carbon to carbon triple bond. It is used particularly in welding where, when mixed
with oxygen in an oxy-acetylene torch, it gives a high-temperature flame, as high as 3400 K. This is a
reducing flame, preventing metal oxidation. In the past ethyne was also used as an important chemical
feedstock. It has been largely replaced by ethene, because it is difficult to handle as it is explosive when
compressed or liquefied.

Ethyne can be prepared in the laboratory in two ways. When water is added drop by drop to calcium
carbide, ethyne is formed. The rate of formation can be adjusted by the rate of water addition. The
ethyne formed is not very pure, containing phosphine, hydrogen sulphide and ammonia gas, but the
calcium carbide is relatively cheap to obtain. If a purer sample of ethyne is required, it can be made by
adding 1,2-dibromoethane to hot concentrated potassium hydroxide. The dihalogenoalkane is added a
drop at a time, and, as with the first method, the rate of addition determines the rate of production of
ethyne. The drawback is that 1,2-dibromoethane is much more expensive.

In the UK two industrial processes are used. The first uses the preparation from calcium carbide. Many
other countries in the world are currently considering using this process.

Calcium carbide is manufactured by heating lime and coke to 2300 K.
CaO + 3C — CaC, + CO

The calcium carbide is fed from a hopper into a tank containing water, and the ethyne formed is collected
in a gas holder. The rate of ethyne generation is determined by the rate at which calcium carbide is
added. As the gas is produced, calcium hydroxide is formed.

CaCz + 2H20 d Ca(OH)2 + C2H2

The reaction is exothermic and, if no action were taken, the temperature of the water would rise; also
the tank would fill with calcium hydroxide sludge. To overcome these problems cold water is flushed
through the generating tank; this both cools the reaction mixture and removes the sludge waste. The
ethyne produced is purified, dried, compressed and fed into gas cylinders.

The second method of industrial preparation involves the cracking of alkanes of low relative molecular
mass. The process occurs at about 1500 K and the reaction is endothermic. A mixture of hydrogen,
carbon dioxide, nitrogen, alkenes, alkanes, and alkynes (including ethyne), is produced. These
are water-quenched before separation by selective absorption in solvents, such as propanone and
N,N-dimethylmethanamide, under high pressure and low temperatures to conserve solvent. On heating,
the gas is released from the solvent. The major problem is the deposition of tar on the furnace walls
giving a low efficiency operation.

Many of the reactions of ethyne are similar to the reactions of ethene. It can be hydrogenated,
halogenated, hydrohalogenated, and hydrated, though the reagents and catalysts used and the products
formed may differ. With a nickel catalyst, hydrogen reacts with ethyne to form ethane, but with a
palladium catalyst the addition can be stopped at ethene. Chlorine reacts with ethyne explosively to
form 1,1,2,2-tetrachloroethane which is used as an industrial solvent for paints and varnishes. Bromine
water reacts only slowly to form 1,2-dibromoethene.
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Ethyne reacts with dilute sulphuric acid in the presence of mercury(Il) sulphate to produce ethanal,
which is effectively the addition of water. This reaction has been an important industrial source of
ethanal. Polymerisation of ethyne can produce a variety of compounds depending on the catalyst and
reaction conditions. The unusual aspect of ethyne chemistry, for a hydrocarbon, is that the carbon-
hydrogen bonds can break, the ethyne effectively behaving as an acid. A quick test for ethyne is
that when bubbled through ammoniacal copper(I) chloride solution, a brown precipitate of copper(I)
acetylide forms. A similar reaction occurs with silver nitrate solution, when a white precipitate of silver
acetylide forms. Both these precipitates require very careful handling as they explode on drying, so they

need to be disposed of with copious amounts of water!
(677 words)
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Answer ALL the questions. Write your answers in the spaces provided.
SECTION A

You should aim to spend no more than 55 minutes on this section.

Leave )
blank

1. A halogenoalkane, P, has the molecular formula C;H¢X, where X represents chlorine,
bromine or iodine. P reacts with a hot aqueous solution of silver nitrate to form a yellow
precipitate very quickly.

(a) (i) Give the formula of the yellow precipitate.
1)
(i1) Write the ionic equation, including state symbols, for the formation of this yellow
precipitate.
1)
(b) (i) Write a balanced equation for the reaction of the halogenoalkane, P, with water.
1)
(i1) State the type of reaction which has occurred in (b)(i).
1)
(ii1) What type of reagent is water in this reaction?
Explain why water can act in this way.
2
2

N 3 1 0 2 6 A0 2 1 6




(c) The halogenoalkane, P, reacts with a hot concentrated solution of potassium hydroxide
in ethanol very quickly, to form methylpropene.

(i) Draw a fully labelled diagram of the apparatus you would use to carry out this
reaction and collect the methylpropene gas formed.

3
(i1) Deduce the displayed formula and the name of the halogenoalkane, P.
INQINIE .ttt ettt ettt e sttt et et
(2)
(d) Explain why the halogenoalkane, P, reacts very quickly with water.
(2)

N
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blank
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blank
(e) (i) At high temperature and high pressure, in the presence of a suitable catalyst,
methylpropene polymerises.
Draw a section showing two units of the polymer chain.
1)
(i) Explain why working at high pressure increases the yield of this equilibrium
reaction.
(0))
(ii1) In general, how does a catalyst increase the rate of a chemical reaction?
(2) Q1

(Total 17 marks)
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2. This question is about three organic compounds with the following physical properties:

Compound Formula Boilir/ngPoint /S?n%fl
Butane CH;CH,CH,CH; 273 6.9
Propan-1-ol CH;CH,CH,OH 371 14.8
Propanone CH;COCH; 330 9.0

(a) (i) Name the intermolecular force present in all three compounds.

(i1) Explain why this intermolecular force is likely to have a similar strength in

butane and propan-1-ol.

(b) (i) Draw a ‘dot and cross’ diagram for the propan-1-ol molecule, showing outer

electrons only.

0y

(i1) Name the strong additional intermolecular force between propan-1-ol molecules

not present in the other two compounds.

Leave )
blank
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(ii1) Using displayed formulae, draw a diagram to show this intermolecular force
between two propan-1-ol molecules.

State the values of the following bond angles:

3

(1iv) Suggest the apparatus you would use, and the measurements you would make,

to determine the enthalpy change of vaporisation, AH,,, of a liquid such as
propan-1-ol.

(v) Use the values of the standard enthalpy changes of vaporisation to calculate the
strength of the additional intermolecular forces between propan-1-ol molecules,
which are not present between butane molecules.

)
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blank
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(c) (i) Name the intermolecular force between propanone molecules that is not present
in butane.

(d) (i) Name the process which could be used in industry to obtain ethene from
butane.

(i1) State the type of reaction which occurs when butane reacts with chlorine to form
1-chlorobutane.

Name the mechanism involved.
TYPE OF TEACLION vttt

NAME OFf MECRANISITL .o e e e et ee e e e e e e eeeaaens

(Total 17 marks)
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(a) (1) What condition is necessary to make a solution containing a mixture of potassium

iodate, KIO;, and potassium iodide from iodine and 4.0 mol dm™ potassium
hydroxide solution?

1)
(i1) State the oxidation number of iodine in
iodine ...............
potassium iodate, KIO; ...............
potassium iodide ...............
2)

(i11) Write a balanced equation, with state symbols, for the reaction between iodine
and potassium hydroxide solution.

()
(iv) Explain why this is classified as a disproportionation reaction.

Leave )
blank
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(b) The purity of a sample of potassium iodate, KIO;, can be found by reacting it in
aqueous solution with two chemicals to form iodine. The quantity of iodine formed
can then be found by titration.
(1) Name these two chemicals.
(2)
(i1)) Name the solution used to determine the iodine concentration by titration.
1)
(i11) Name the indicator used in this titration and state the colour change.
INAICALOT ...ttt et sttt et
From ..o B0 e
(2) Q3

(Total 11 marks)

|
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SECTION B

You should aim to spend no more than 35 minutes on this section. The passage needed
for this section is provided on a separate sheet.

4. Read the passage on ETHYNE straight through and then more carefully. Answer the
following questions.

(a) Draw the displayed formula for ethyne and give the CCH bond angle.

Bond angle ........cccoeeeiieenennn.
1)

(b) Why may ethyne need to be purified in the industrial process when it is made from
calcium carbide?

(c) Suggest why many other countries are considering changing to the calcium carbide
process for the industrial production of ethyne.

Leave )
blank
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Leave\
(e) Give TWO reactions of ethyne which have no corresponding reactions in ethene e
chemistry?
................................................................................................................................... (1)
() (1) Name the TWO chemicals you would use to make 1,2-dibromoethane, for use in
the preparation of ethyne.
............................................................................................................................ (1)
(i1) Draw a labelled diagram of the apparatus you would use to prepare ethyne from
1,2-dibromoethane. You do not need to show how the gas is collected.
1)
QUESTION 4 CONTINUES ON THE NEXT PAGE )
13
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(g) Describe, in no more than 100 words, the two industrial processes used to make
ethyne.

®

You are NOT asked to summarise the whole passage, nor to include equations in your
summary. At the end of your summary state the number of words you have used. You
should write your summary on the lined pages provided in this question paper.

Credit will be given for answers written in good English, using complete sentences and using
technical words correctly and chemical names rather than formulae. Avoid copying long
sections from the original text. Numbers count as one word, as do standard abbreviations,
units and hyphenated words. Any title you give your passage does not count in your word
total.

There are penalties for the use of words in excess of 100.
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(Total 15 marks)
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