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3.6: Enthalpy changes for solids and
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Study the following energy cycle.

AHE

2(s) + 3Myg + 3HOo)

5y /

2C0,(g) + 3H,0()

CoHglg) + 3%0,(g)

Use the values in the table below to calculate the enthalpy change of reaction, AH= [2]
Substance Enthalpy change of combustion, AHZT kJ mal™!
carbon -394
hydrogen —-38F
ethane -1560
AHT = kJ mal™
(Total 2)
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Zac was asked to measure the molar enthalpy change of neutralisation of sodium hydroxide by
hydrochlonc acid.

NaOH(ag) + HClag) — = MNaClag) + H,C(l)
He was told to use the following method:

v Measure 25.0cm® of sodium hydroxide solution of concentration 0.970 mol dm™= into a
polystyrene cup.

v Measure the temperature of the solution.

+ Placethe hydrochloric acid solution into a suitable containerand measure the temperature
of the solution.

+  When the temperatures of both solutions are equal add 5.00 cm® of hydrochloric acid to
the sodium hydroxide and stir.

v Measure the temperature of the mixture.

+ Keep adding 5.00cm? ﬁnrtiuns of hydrochloric acid, until 50.0cm?® have been added,
stimng and measuring the temperature each time.

Zac's results are shown on the graph below.
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(a) Suggest why it is important that the hydrochloric acid and the sodium hydroxide are at the same
temperature.

[1]
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(b) By drawing lines of best fit for both sets of points determine:

(i) the maximum temperature change [2]

Maximum temperature nse from thegraph = °C

(i) the volume of acid required to neutralise the sodium hydroxide. [1]
Volume of acid = _____ - __omP

{c) Use your value from part (b){ii} to calculate the concentration, in mol dm™3, of the
hydrochloric acid solution. 2]

Concentration =_...______________ mol dm™
(d} Use both values from part (b) to calculate the heat given out during this experment.

[Assume that the density of the solution is 1.00 g cm™ and that its specific heat capacity
is418J K 1g™ 1]

Heat given out = g £ e

fej Calculate the molar enthalpy change, AH, forthe reaction between sodium hydroxide and
hydrochloric acid. [2]

AH= o kdmol™
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(g) Explain why the temperature falls on continuing to add hydrochloric acid after the maximum
temperature has been reached.

[2]

(h) The data book value for this molar enthalpy change of neutralisation is more exothermic than
Zac's value

State the main reason for the difference between the values and suggest one change that would
improve his result.

[2]

(Total 14)

3. (a) An aqueous solution of methanoic acid can be used to dissolve 'lime scale' in kettles. The
concentration of a methanoic acid solution used for this purpose can be found by a titration using
sodium hydroxide solution. For this purpose a 25.0 cm?® sample of aqueous methanoic acid was
diluted to 250 cm3.

(i)State the name of the piece of apparatus used to

| measure out 25.0 cm? of aqueous methanoic acid,

[1]

Il contain exactly 250 cm? of the diluted solution.

[1]
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(ii) A 25.0 cm® sample of the diluted methanoic acid was titrated with sodium hydroxide solution of
concentration 0.200 mol dm-2. A volume of 32.00 cm?® was needed to react with all the methanoic
acid present.

Calculate the number of moles of sodium hydroxide used.

[1]

Moles of sodium hydroXide = .......ceeieceeiceeerecccineeeeens mol

(ili} Methanoic acid and sodium hvdroxide react together in a 1:1 molar ratio.
Use the graph below and vour result from (ii) to find the concentration of methanoic

acid present in the diluted solution in g per 100 em? of solution. 1]
1-50
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diluted methanoic &
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Number of moles of methanoic acid

Conceniration = _g per 100 cm?

(iv) State the concentration of the original methanoic acid in g per 100 cm® solution.

[1]

Original concentration = gper 100 cm?
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f£) Methanoic acid, HCOOH, can be reduced to methanol, CH;OH, in a gas phase reaction,
by using hvdrogen in the presence of a solid ruthenum metal catalyst.

(1) Ruthennum is acting as a heterogeneous catalyst.
State the meaning of the word heferogensous. [1]

{11y The equation for the reduction of methanoic acid is shown below.

o) s H H
g o o
H o ¢ S e, H e o oW 0
T T H”

Use the table of bond enthalpies to find the enthalpy change for this reaction. [3]

e
Bond Average bond enthalpy /kT mol!
C—H 412
C—0 360
C=0 743
H—H 436
0 —H 463
Enthalpy change = KJmol™
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(c) The relative molecular mass of methanoic acid 1s 46.02.

State why this quantity does not have units. [1]

ff) Methanoic acid reacts with propan-1-ol to give 1-propvl methanoate.

HCOOH + CH,CH,CH,0H = HCOOCH,CH,CH, + H,O
1-propyl methanoate

{1) This reaction eventually reaches dynamic equilibrim.
State what is meant by dynamic equilibrium. [

(1) Give the empirical formula of 1-propyl methanoate. [1]

Empirical formida ..o o oo

Total [12]
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4. (g} Ethanol C;HsOH, is aliquid atroom temperature. Itis beingincreasingly used as a fuel.

(iv  WWritethe equationthat represents the standard maolar enthalpy change of formation
Ay of ethanaol. [1]

(o) Enthalpy changes of combusion can often be measured directy. |Ne eguaton 1or the
reaciion which represents the enthalpy change of combustion (aH,) of ethanal is as
Tollows.

CHsOH() + 3000 — = 20fa) + 3H,00)

A studentusedthe apparatus below to determine the enthalpy change of combustion of
ethanol.

calorimeter | | water
b
wick
|

1
A Q@A ethanol

The student obtained the following results.

Mass of spirit burner + ethanol at start = 72270
Mass of spirit burner + ethanol after combustion = T146q
Temperature of water at start = 21.5°C
Temperature of water after combustion = TR5°C
Yolumeof waterin calorimeter = 100cm®

The energy releasedin the experiment can be calculated using the fammula
energyreleased = mcaT

where mass of the waterin grams (assume 1cm? has a mass of 1g)
4230 V6T

change intemperature of the water

SGE
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(i) Calculate the energy released in the experiment

[1]

Energyreleased=................ J

(ii) The enthalpy change of combustion of ethanol is defined as the energy change per mol of
ethanol burned.

Use your answer to (i) to calculate the enthalpy change of combustion of ethanol.

Give your answer in kJ mol™ and correct to 3 significant figures. Include the sign.

[3]

{c) Another studentdid notcarry out an experiment to find A5, of ethanol. He looked up the
literature value on arespected internet site.

How would you expect the numerical values obtained by the two students to differ? Explain your
answer.

You may assume that both values were found under the same conditions of temperature and
pressure.

(2]
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(d) The students then used the apparatus from (b) to find the enthalpy change of combustion of
higher relative molecular mass alcohols. They found that as the number of carbon atoms increased
the value of the enthalpy change of combustion became more negative.

(iv WWrite the equation for the reaction which represents the enthalpy change of
combustion of propanol, CaH;OH. [1]

(i) In terms of bond strengths, explain why enthalpy changes of combustion are negative

[1]

(iii) Explain why the enthalpy change of combustion of propanol is more negative than that of ethanol

[1]

(e)Recent research has been carried out to find economic and environmentally friendly uses for
waste straw and wood chippings.

The process of gasification involves the material being partly combusted at a temperature of about
700 °C to give a mixture consisting mainly of hydrogen and carbon monoxide but also some carbon
dioxide.

Another approach has been to use enzyme catalysed reactions to change the waste material into
glucose and then to ethanol.

Comment on the economic and environmental factors involved in both of these processes.

[4] QWC [2]

(Total 17)
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5. Usethe energy cycle to calculate the enthalpy change of formation of carbon monoxide. 1

A
Cls) + , 0x(9) > COf)
-394 kJ mol™ -284 kJ mol™’
COs(a)
Enthalpy change of formation= kJ mol™?
(Total 1)
0. Methanoic acidis the simplest carboxylic acid and occurs naturally, most notably in antvenom.

It has a molarmass of 46.02gmal".

(gl Statewhatis meantby molarmass. [1]

(b}  Use the values in the table below to calculate the enthalpy change of formation for
methanoic acid 1]

C(s) + Hz(g) + 1:0z(0) —_— HCOOH(1) + +0=(0)

et A

COz(g) + HO(I)

Substance Enthalpy change of combustion, _'-.h:' /kJ mol™
C -394
Ha -286
HCOOH —263
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[. The energy cycle for a decomposition of nitrogen(II) oxide is shown below.

(@

8.

AH

3NO . N,0 * No,
AR //A{
%N;: -+ %02

Complete the equation to show AH in terms of AH,, AH, and AH,. [1]

Write the chemical equation for the standard molar enthalpy change of formation of
gaseous nitrogen(Il) oxide, NO. [1]

Callum and Carys wish to measure the enthalpy change of the reaction of aqueous copper(II)

sulfate with zine powder. The reaction that occurs is:

CuSQyfaq) + Zns) —= ZnSOaq) + Culs)

Callum prepares copper(11} sulfate solution from hydrated copper(1I) sulfate,
CuS0, 5H,0.

(1) Calculate the relative molecular mass of hydrated copper(II) sulfate,
CuSO, SH,0. 0

(i) Callum measures a mass of hydrated copper(Il) sulfate and uses this to make
exactly 250.0cm? of copper(11) sulfate solution of concentration 0.250 mol dm—.

I.  Calculate the mass of hydrated copper(1I) sulfate required to prepare this
solution. [

Mass of hydrated copper(I1) sulfate = . B

II. Describe, giving full practical details, how Callum should prepare the
250 0em? of copper(11) sulfate solution. [5]
OWC[]]
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{6) In order to measure the enthalpy change, Carys carried out the reaction between zinc
powder and their copper(II} sulfate solution in an insulated vessel. She measured the
temperature in the vessel at 30 second intervals, before, during and after the reaction.
The zinc powder was added to the copper(Il) sulfate solution at 120 seconds. The
temperatures recorded were plotted on the graph below.
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(1) Explain why zinc powder 1s used in this experiment rather than pieces of zinc
metal. [4]

(1) Draw linesto complete the graph, and use these to find the maximum temperature
change.

Maximum temperature change ... °C [2]

{iii) Inthisexperiment, Carys used 50.00cm’® of the copper{II) sulfate solution prepared
by Callum and added 0.400g of zinc powder.

I. Calculate the number of moles of copper(I1) sulfate present in this solution.

[

II. The sample of zinc metal used contained 6.12 = 10-3 moles. State why this
value, rather than the number of moles of copper(11) sulfate, 15 used to
calculate the enthalpy change of the reaction. [

III. The enthalpy change can be calculated using the expression below.

ﬁH:_m{'ﬁT

Where: m is the mass of the copper(II) sulfate solution (50 g)
AT is the change in temperature in °C
n 15 the number of moles of zinc
¢ 15 the specific heat capacity of the solution which

equals 4.18J g-1=C-!

Calculate the enthalpy change for the reaction in kImol! 7]
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IV. Give a reason why the sign of the enthalpy value calculated 1s different from

the sign of the temperature change measured. 1]

Total [18]

9. The diagram below shows the reaction profile for a chemical reaction. Three energy differences
are marked on it with arrows labelled 1, 2 and 3.

Energy

Reaction path
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Select which of the following correctly assigns the three energy differences.

Activation energy of | Activation energy of | Enthalpy change of
forward reaction reverse reaction reaction
A 1 3 2
B 2 1 3
C 2 3 1
D 3 2 1
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