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Chemical Energetics
(Past Year Topical Questions 2010-2015)
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1 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,".

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

..........................................................................................................................................
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(b) Hydrazine reacts with oxygen according to the following equation.
N H, () + O,(g) — N,(g) + 2H,0(g)

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

reaction.
compound AH./kJmol™
N,H, (1) 50.6
A B i s e s kJ mol~!
(ii) Although the above reaction is highly exothermic, hydrazine does not burn
spontaneously in oxygen.

Suggest a reason for this.

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

(lif) Suggest why using hydrazine as a rocket fuel could be regarded as being
‘environmentally friendly’.

o
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The unsaturated hydrocarbon, E, is obtained by cracking hexane and is important in the
chemical industry.

The standard enthalpy change of combustion of E is —2059kJ mol™.

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

When 0.47 g of E was completely burnt in air, the heat produced raised the temperature of
200g of water by 27.5"C. Assume no heat losses occurred during this experiment.

(&) (i) Use relevant dala from the Data Booklet to calculate the amount of heat released
in this experiment.

(i) Use the data above and your answer (o (i) to calculate the relative molecular mass,

M., of E.

[4]
(} Deduce the molecular formula of E.

[1]
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(d) The standard enthalpy change of combustion of C,H,, AH?, is ~1300kJmol~' at 298K.

Values of relevant standard enthalpy changes of formation, AH: measured at 298K,

are given in the table.

substance AH{/kJmol™!
CO,(g) -394
H,0(l) 286

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

the standard enthalpy change of combustion, AH %,

of C_.H.,, and

----------------------------------------------------------------------------------------------------------------------------------

the standard enthalpy change of formation, AH?, of C_H,,.

..................................................................................................................................
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(i) Use the data above and your answer to (i) to calculate the standard enthalpy

change of formation, AHT, 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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2 Halogenoalkanes have been widely used as aerosol propellants, refrigerants and solvents
for many years.

Fluoroethane, CH,CH,F, has been used as a refrigerant. It may be made by reacting ethene
with hydrogen fluoride.

You are to calculate a value for the C-F bond energy in fluoroethane.

(a) Use relevant bond energies from the Dala Booklel, and the equation below to calculate
a value for the bond energy of the C-F bond.

CH,=CH)g + HF(@ — CHCH,F(g AH®=-73kJmol"

C—F BONd BNBIGY = ..oveeeeceeeereeeees e resmsnenns kJ mol™" [4]

(b) Another halogenoalkane which was used as a refrigerant, and also as an aerosol
propellant, is dichlorodifluoromethane, CCLF,.

Stale two reasons why compounds such as CH,CH,F and CCLF, have been used as
aerosol propellants and refrigerants.
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CCLF, is one of many chlorofluorocarbon compounds responsible for damage to the ozone
layer in the stratosphere.

(c) By using relevant data from the Data Booklet, and your answer to (a) suggest why CCLF,

is responsible for damage to the ozone layer in the stratosphere whereas CH,CH,F is
not.

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

------------------------------------------------------------------------------------------------------------------------------------------

..................................................................................................................................... (2]
Both CH,CH,F and CCLF, are greenhouse gases.
The ‘enhanced greenhouse effect’ is of great concem to the international community.
(d) (i) Whatis meant by the term enhanced greenhouse effect?
(il Water vapour is the most abundant greenhouse gas.
What is the second mosl abundant greenhouse gas?
3]
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3

For some chemical reactions, such as the thermal decomposition of potassium
hydrogencarbonate, KHCO,, the enthalpy change of reaction cannot be measured directly.

In such cases, the use of Hess' Law enables the enthalpy change of reaction to be calculated
from the enthalpy changes of other reactions.

(a) State Hess' Law.

In order to determine the enthalpy change for the thermal decomposition of potassium
hydrogencarbonale, two separate experiments were carried oul.

experiment 1

30.0em? of 2.00 moldm™ hydrochloric acid (an excess) was placed in a conical flask and the
temperature recorded as 21.0°C.

When 0.0200 mol of potassium carbonate, K,CO,, was added to the acid and the mixture
stirred with a thermometer, the maximum temperature recorded was 26.2°C.

(b) (i) Construct a balanced equation for this reaction.

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

(ii) Calculate the quantity of heat produced in experiment 1, stating your units.
Use relevant data from the Data Booklet and assume that all solutions have the
same specific heat capacily as water.
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(ili) Use your answer to (ii) to calculate the enthalpy change per mole of K,CO,.
Give your answer in kJ mol~' and include a sign in your answer.

(iv) Explain why the hydrochloric acid must be in an excess.

oo [4]
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The experiment was repeated with 0.0200 mol of potassium hydrogencarbonate, I{HEDE.
All other conditions were the same.

In the second experiment, the temperature fell from 21.0°C to 17.3°C.

Dr Catherine Tan

(e) (i) Construct a balanced equation for this reaction.

(ii) Calculate the quantity of heat absorbed in experiment 2.

(ili) Use your answer to (li) to calculate the enthalpy change per mole of KHCO.,.
Give your answer in kJ mol~! and include a sign in your answer.

[3]
(d) When KHCO, is heated, it decomposes into K,CO,, CO, and H,O.

2KHCO, = K,CO, + CO, + H,0

Use Hess' Law and your answers to (b)(ill) and (c){lii) to calculate the enthalpy change
for this reaction.

Give your answer in kJ mol~! and include a sign in your answer.

[2]

10
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3 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.

................................................................ R e R R el |

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

compound AH®/kJmol™
CO,(g) -394
CH,OHi(g) ~201
H,O{g) -242
11
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(i) Use these values to calculate AHY, for this synthesis of methanol.

reactian
Include a sign in your answer.

CO,(g) + 3H,(g) = CH.,OH(g) + H.,O(g)

AR W iisiiaiiniii iviaian kJmaol-!

(ii) Suggest one possible environmental advantage of this reaction. Explain your
answer.

May/June 2012 (22)
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 298K.

BRI R R e S e s

ORI 1 co5csociorions Grasinsnedabavaesas s oioTn s et S A R S TP AT e TR aa RS a Ao PR e NSRS AR e v Se e A eaean

-------------------------------------------------------------------------------------------------------------------------------------------
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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™’
CO(g) -283
H.,(g) ~-286

CH,OH(g) ~726

(b) Use these values to calculate AH7,,.,

equation. Include a sign in your answer.

CO(g) + 2H,(g) —» CH,OH(g)

for the synthesis of methanol, using the following

+6018 — 375 2833
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3 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.
Methanel can be obtained from biomass, such as plant waste from agriculture.

Dr Catherine Tan

(a) Define, with the aid of an equation which includes state symbols, the standard enthalpy
change of combustion, AH?Z, for DME at 298 K.

ORREEIRIONTY . i i e i s i R G e i i T I i mii i
definition

14
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(b) 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(l) ~286

Use these values to calculate AH;, .. for the synthesis of DME, using the following
equation. Include a sign in your answer.

2CH,OH(l) —» CH,OCH,(g) + H.O(!)

+6018 — 375 2833
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(c) The standard enthalpy changes of formation of NH,(g) and H,0(g) are as follows.

NH,(g), AH? = —46.0kJmol’ H,0(q), 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,0O(g) AH® = 906 kJmol

(4]

16
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(b) Carbon disulfide is readily combusted to give CO, and 50..

(i) Construct a balanced equation for the complete combustion of C3..

(ii) Define the term standard enthalpy change of combustion, AH®.

@

17
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(c) Calculate the standard enthalpy change of formation of CS, from the following data.
Include a sign in your answer.

standard enthalpy change of combustion of CS, = -~1110kJmol™’
standard enthalpy change of formation of CO, = -395kJmol™
standard enthalpy change of formation of SO, = -298kJmol™’

(3]
Oct/Nov 2013 (21)/Q5
(c) Propane and butane have different values of standard enthalpy change of combustion.

Define the term standard enthalpy change of combustion.

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

..........................................................................................................................................
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(d) A125cm’® sample of propane gas, measured at 20 °C and 101 kPa, was completely burnt
in air.
The heat produced raised the temperature of 200g of water by 13.8°C.
Assume no heat losses occurred during this experiment.

(i) Use the equation pV = nRT to calculate the mass of propane used.

(ii) Use relevant data from the Data Booklet to calculate the amount of heat released in
this experiment.

(ili) Use the data above and your answers lo (i) and (ii) to calculate the energy produced
by the burning of 1 mol of propane.

[5]

Oct/Nov 2013 (23)/Q2
(c) Define the term standard enthalpy change of combustion.

19
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(d) A 1.00cm’ sample of C, ,H,, was completely bumt in air.
The heat produced raised the temperature of 2509 of water by 34.6°C.
Assume no heat losses occurred during this experiment.
The density of C, H,, is 0.763gcm™.

(i) Use relevant data from the Data Booklet to calculate the amount of heat released in
this experiment.

(if) Use the data above and your answer to (i) to calculate the energy produced by the
combustion of 1 mol of C, H,,.

(5]

20
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3 Ethane reacts with chlorine to form chloroethane.

CHig) + Cllg) - CH.Cl(g) + HCl(g)

(a) (i) Use bond energies from the Data Booklet to calculate the enthalpy change for this reaction.
Include a sign in your answer.

enthalpy change = .........cccccceveevrieemunrnen kJmol" [3]

21
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2 (a) (i) Explain the meaning of the term enthalpy change of formation.

(ii) Give the equation for the reaction for which the enthalpy change corresponds fo the
standard enthalpy change of formation of liquid sulfur trioxide, SO, Include state symbols.

(b} Ammaonia is manufactured by the Haber process.
Ny(9) + 3H,(g) = 2NH,(g)

(i) Use bond energies from the Dafa Bcoklef 1o calculate the enthalpy change of reaction for
the Haber process. Include a sign in your answer.

enthalpy change ..., kJmol-' [3]

22
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(il Stale the essential operating conditions for the Haber process.

23
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2 Chemical reactions are accompanied by enthalpy changes.

(a) Explain the meaning of the term standard enthaipy change of reaction.

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

(b) The enthalpy change of hydration of anhydrous magnesium sulfate, AH, , MgS0,, can be
calculated by carrying out two separate experiments.

In the first experiment 45.00g of water was weighed into a polystyrene cup and 3.01g of

MgSO, was added and stirred until it was completely dissolved. The temperature of the water
rose from 23.4°C to 34.7°C.

(i) Calculate the amount of heat energy ransferred to the water during this dissolving process.

You can assume thal the specific heat capacity of the solution is the same as that of water,
4.18)g"' K-,

heal enengy = .......cccocevvnvvenrninns J [1]

24
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(if) Calculate the amount, in moles, of MgS0, dissolved.

amount= ... .. mol [1]
(lil) Calculate the enthalpy change of solution, AH ., of MgS0,(s).

You must include a sign with your answer,

AH, ., O MGSO,(S) = oo kJmol' [1]

25
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Inthe second experiment, the enthalpy change of solution for the hydrated salt, MgS0,.7TH,Os),
was calculated and found to be +9.60kJmal-".

(iv) Use the equation below for the hydration of anhydrous magnesium sulfate to construct a
suitable, fully labelled energy cycle that will allow you to calculate the enthalpy change for
this reaction, AH, , MgSO.,.

MgSO,(s) + 7H,0() - MgSO,.7H,0(s)

(1]

(v) Cailculate the enthalpy change for this reaction, AH, , MgSO,. Include a sign in your
answer.

Al MOSE .. ... cinvisrisomoasseiiiass kJmol™' [1]

26
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