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Ethanol, C,H,OH, is a most important industrial chemical and is used as a solvent, a fuel
and an intermediate in large scale organic synthesis.

Ethanol is prepared industrially by the reaction of ethene and steam in the presence of a
catalyst.

C,H,(9) + H,O(g) — C,H,OH(g)

The standard enthalpy change of the reaction can be determined by using the standard
enthalpy changes of combustion, AHg, at 298 K.

AHS/kJ mol™!
CEH4(g) -1411
C,H-OH()) ~1367

(a) Calculate the standard enthalpy change for the following reaction.

C,H, (@) + HO() —> C,H.OH(l)

[2]
(b) (i) Define the term standard enthalpy change of combustion.

(ii) Explain why the state symbols for water and ethanol given in the equation in (a)
have been changed from those quoted in the industrial process.

(iii) Write the equation for the complete combustion of ethanol.



(c) Ethanol is miscible with water because of hydrogen bonding between molecules of
ethanol and water. Draw a diagram, including dipoles, to show the hydrogen bonding
between a molecule of ethanol and a molecule of water.
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(d) The equation for the complete combustion of ethyne is given below.
Use appropriate bond energy data from the Data Booklet to calculate a value for the
enthalpy change of combustion of ethyne.

C,H,(g) + %20,(g) — 2CO0,(g) + H,0(g)

[3]
(e) The value for the standard enthalpy change of combustion of ethyne is —1300 kJ mol~'.

(i) Define the term standard enthalpy change of combustion.

(ii) Explain why your answer to (d) does not have the same value as the standard
enthalpy change of combustion.
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Hydrazine, N,H,, can be used as a rocket fuel and is stored as a liquid. It reacts exothermically
with oxygen to give only gaseous products.

The enthalpy change of a reaction such as that between hydrazine and oxygen may be
calculated by using standard enthalpy changes of formation.

(a) Define the term standard enthalpy change of formation, AH".

(b) Hydrazine reacts with oxygen according to the following equation.
NoH4(1) + O5(g) — Ny(g) + 2H,0(g)

(i) Use the data in the table to calculate the standard enthalpy change of this

reaction.
compound AHZ=/kJ mol~’
NLH,(I) 50.6
H,O(g) —241.8
AH® = e kJ mol-!

(ii) Although the above reaction is highly exothermic, hydrazine does not burn
spontaneously in oxygen.
Suggest a reason for this.

(iii) Suggest why using hydrazine as a rocket fuel could be regarded as being
‘environmentally friendly’.
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2 The diagram below shows, for a given temperature T, a Boltzmann distribution of the kinetic
energy of the molecules of a mixture of two gases that will react together, such as nitrogen
and hydrogen.

The activation energy for the reaction, E_, is marked.

number of
molecules

'

energy

(a) On the graph above,

(i) draw a new distribution curve, clearly labelled T’, for the same mixture of gases at
a higher temperature, T,

(ii) mark clearly, as H, the position of the activation energy of the reaction at the higher
temperature, T'.

[3]
(b) Explain the meaning of the term activation energy.
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(d) The standard enthalpy change of combustion of C,H,, AH?, is —1300kJ mol~"! at 298 K.

Values of relevant standard enthalpy changes of formation, AH‘f*, measured at 298K,
are given in the table.

substance AH$/kJ mol~"
CO,(9) -394
H,O(1) —286

(i) Write balanced equations, with state symbols, that represent

the standard enthalpy change of combustion, AH?, of C,H,, and

(ii) Use the data above and your answer to (i) to calculate the standard enthalpy
change of formation, AH, of C,H,,.
Show clearly whether the standard enthalpy change of formation of C,H, has a
positive or negative value.

[6]
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Methanol, CH,OH, is considered to be a possible alternative to fossil fuels, particularly for use
in vehicles.

Methanol can be produced from fossil fuels and from agricultural waste. It can also be
synthesised from carbon dioxide and hydrogen.

(a) Define, with the aid of an equation which includes state symbols, the standard enthalpy
change of formation of carbon dioxide.

EQUATION e

Lo = 10 LT o

(b) Relevant AH¢ values for the reaction that synthesises methanol are given in the table.

compound AH?/kJ mol™
CO,4(9) -394
CH,OH(g) —201
H,O(g) —242
(i) Use these values to calculate AH%,, .., fOr this synthesis of methanol.

Include a sign in your answer.

CO,(g) + 3H,(g) == CH,OH(g) + H,0(9)

JY o kJ mol™'

(ii) Suggest one possible environmental advantage of this reaction. Explain your
answer.
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2 Alcohols such as methanol, CH,OH, are considered to be possible replacements for fossil
fuels because they can be used in car engines.

(a) Define, with the aid of an equation which includes state symbols, the standard enthalpy
change of combustion, AH? , for methanol at 298 K.
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Methanol may be synthesised from carbon monoxide and hydrogen. Relevant AH¢ values
for this reaction are given in the table below.

compound AH?/kJ mol™
CcO(g) -283
H.(9) —286

CH,OH(g) -726

(b) Use these values to calculate AH%,,., for the synthesis of methanol, using the following
equation. Include a sign in your answer.

CO(g) + 2H,(g) — CH,0OH(g)

AH?,

reaction = seeeeeeseesanaas
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With the prospect that fossil fuels will become increasingly scarce in the future, many
compounds are being considered for use in internal combustion engines. One of these is
DME or dimethyl ether, CH,OCH,. DME is a gas which can be synthesised from methanol.
Methanol can be obtained from biomass, such as plant waste from agriculture.

()

(b)

Define, with the aid of an equation which includes state symbols, the standard enthalpy
change of combustion, AH¢, for DME at 298 K.
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DME may be synthesised from methanol. Relevant enthalpy changes of formation, AH$,
for this reaction are given in the table below.

compound AH?%/kJmol™
CH,OH(l) -239
CH,OCH,(g) 184
H,O() -286

Use these values to calculate AH®

reaction

equation. Include a sign in your answer.

for the synthesis of DME, using the following

2CH,OH(l) - CH,;OCH,(g) + H,O(l)

AH?

reaction — ceereceeesesesseaians
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(c) The standard enthalpy changes of formation of NH,(g) and H,O(g) are as follows.

NH,(g), AH® = —46.0kJmol-’ H,O(g), AH® = —242kJmol"'

Use these data and the value of AH¢,_ ., given below to calculate the standard enthalpy
change of formation of NO(g).

Include a sign in your answer.

4NH,(g) + 50,g) = 4NO(g) + 6H,0(g) AH® = —906 kJ mol~'

[4]

Q:10[M/J 2013¢ 23 (1)]

1

Carbon disulfide, CS,, is a volatile, flammable liquid which is produced in small quantities in
volcanoes.

(a) The sequence of atoms in the CS, molecule is sulfur to carbon to sulfur.

(i) Draw a ‘dot-and-cross’ diagram of the carbon disulfide molecule.
Show outer electrons only.



(ii) Suggest the shape of the molecule and state the bond angle.
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(3]
(b) Carbon disulfide is readily combusted to give CO, and SO,.
(i) Construct a balanced equation for the complete combustion of CS.,.
(ii) Define the term standard enthalpy change of combustion, AH?.
(3]

(c) Calculate the standard enthalpy change of formation of CS, from the following data.
Include a sign in your answer.

—1110 kJ mol™’

standard enthalpy change of combustion of CS,

—395 kJ mol~!

standard enthalpy change of formation of CO,

standard enthalpy change of formation of SO, —298 kd mol~’

[3]
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