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2.1: Thermochemistry
Practice Questions
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1. Study the following energy cycle.

AN

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

2C(s) + 3H,(g)

AH™

C,Hglg) + 3%0,(g)

/

Use the values inthe table below to calculate the enthalpy change of reaction, AH™ [£]
Substance Enthalpy change of combustion, AHZ kJ mol™!
carbon -394
hydrogen -286
ethane - 1560
AH® = kJ mol™
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fa) Ethanol C;HsCH, is aliguid atroomtemperature. Itis being increasingly used as a fuel.

(iy Write the equation that represents the standard molar enthalpy change of formation
(AHy) of ethanol. [1]

fo)  Enthalpy changes of combuston can often be measured directly. | he equaton tor the
reaction which represents the enthalpy change of combustion (AH;) of ethanol is as
Tollows.

CoHsOH(l) +  30:(0) — 2005 + 3H0()

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

calorimeter | ol water
b

B

i
A Q@-—K ethanol

The student obtained the following results.

wick,

Mass of spiritburner + ethanaol at start = T2237g
Mass of spiritburner + ethanaol after combustion = ¥146g
Temperature of water at start = 2TENE
Temperature of water after combustion = TRE'C
Yolume of water in calorimeter = 100cm®

The energyreleasedin the experiment can be calculated using the formula
energyreleased = mcaT
mass of the waterin grams (assume 1cm? has a mass of 1qg)

A s e
change in temperature of the water

where

Im
C
A
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(i) Calculate the energy released in the experiment

[1]

Energyreleased =. .. ... ..ot 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 student did not carry out an experiment to find AH_of ethanol. He looked up the literature
value on a respected 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.

(iy Write the eqguation for the reaction which represents the enthalpy change of
combustion of propanol, CH70OH. [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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Zac was asked to measure the molar enthalpy change of neutralisation of sodium hydroxide by
hydrochlonc acid.

NaOH(ag) + HCliag) — » NaCliag) + H,0()

He was told to use the following method:

Measure 25.0cm® of sodium hydroxide solution of concentration 0.970 mol dm™2 into a
polystyrene cup.

Measure the temperature of the solution.

Place the 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.

Measure the temperature of the mixture.

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

Zac's results are shown on the graph below.

Temperature 'S
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T2 : o] 1 J Fal 42 50
Volume HCl added/cm?

=
A
—
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(a) Suggest why it is important that the hydrochloric acid and the sodium hydroxide are at the same
temperature.

[1]

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

{i) the maximum temperature change [2]

Maximum temperature rise from thegraph = ... °C

(i)  the volume of acidrequired to neutralise the sodium hydroxide. [1]
Volumeofacid=_________________cm®

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

Concentration =.....____.._______.moldm®
(d} Use both values from part (b} to calculate the heat given out during this experiment.

[Assume that the density of the solution is 1.00 g cm™ and that its specific heat capacity
is418JK 1g™ ]

Heatgwvenouwt =

fe} Calculate the molar enthalpy change, AH, forthe reaction between sodium hydroxide and
hydrochlonc acid. [2]

AH= . kdmad™
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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)

4 Methanoic acid is the simplest carboxylic acid and occurs naturally, most notably in antvenom.
It hasa molarmass of 46.02gmaol".

(gl Statewhatis meant by molar mass. [1]

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

C(s) + Hzlg) + 1O=(a) S HCOOH() + 2020g)

s A

COz(0) + HzO()

Substance Enthalpy change of combustion, _\.H:' JkJ mol™
C -304
Hz -286
HCOOH —263
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5. i Nitrogen(I) omide is 2 colourless gas that reacts with hydrogen to give nitrogen and water.
N0 + Hye) — Na(g) + H;00 AH= -368 kI mol™!

(i)  Statz why the standard enthalpy of formation of both hydrogen and nitrogen gases
is 0kTmol-1. 1]

(i) Calculate the standard enthalpy of formation of nitrogen(I) oxide i kJ mol™!.
{(You should assume that the standard enthzlpy of formation of water is

—286kJ mol!) (21

{B) A new method for producmg phenol, CzH;OH, iz by reactmg benzene, Cg;Hg, with
nitrogen(T}) oxide at 400 *C i the presence of a suitzble catalyst
CeHy + N0 — CGH:0H + N, AH= 286 Kl mol!
(1) Sketch the enerpy profiles for the catalysed and uncatslysed reactions using the
axes shown below.

Label vour profiles as cofelsed and umcatalysed A

]

Extent of reaction
() A pilot-scale plant uzed 156kg of benzene (M= 78)to produce phenol (1£="04).
I Caleulate the number of molss of benzens uszed. [1]

Moles of benzeng = ..o i, MO

I Theviceld of phenol was 93 %%, Using vour anzwer to I and the squation below
{or another suitable method), calculate the mazs of phenol obtamed. Show
vour working. F]

Cﬁlﬁ + -_"\IE'D e CEH:','DH + H:
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() Study the short account below, which prvezs more detal zbout thiz process.

The process to make phenol 15 carried out in the gas phase and uses asolid zeolite
catalyst. The operating temperature iz sround 400 *C.

CH; + N,0O — C;H:OH + N, AH= 286 kJ mol!
The reactants are the hvdrocathon benzene and nitropen(l) oxide, which i3 a
potent preesnhouse gas. The nitrogen(l) oxide 15 obtzined from another process,

where it 15 produced as an undesirable side product

Use the account and the sguation to comment on the environmental and Green
Chemizfry advantages of this process. A reference to the vield iz not required. [4]
QWC [1]

Total [14]
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6.

Callum and Carys wish to measure the enthalpy change of the reaction of aqueous copper(II)
sulfate with zinc powder. The reaction that occurs is:

CuSO,faq) + Znfs) —> ZnSO,aq) + Culs)

fa) Callum prepares copper(Il) sulfate solution from hydrated copper(II) sulfate,
CuS0,.5H,0.

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

(1) Callum measures a mass of hydrated copper(II) sulfate and uses this to make
exactly 250.0cm? of copper(II) sulfate solution of concentration 0.250 moldm-3.

I. Calculate the mass of hydrated copper(lI) sulfate required to prepare this
solution. 2]

Mass of hydrated copper(TI) sulfate= ... B
II. Describe, giving full practical details, how Callum should prepare the

250.0cm? of copper(I1) sulfate solution. 3
OWCl]
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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 1ntervals, 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 is used in this experiment rather than pieces of zinc
metal. [2]

{u) Draw lines to complete the graph, and use these to find the maximum temperature
change.

Maximum temperature change ... °C 2

(i)  Inthisexperiment, Carys used 50.00cm? of the copper(11) sulfate solution prepared
by Callum and added 0.400g of zinc powder.

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

(1]

II. The sample of zinc metal used contained 6.12 = 103 moles. State why this
value, rather than the number of moles of copper(II) sulfate, 15 used to
calculate the enthalpy change of the reaction. 1]

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

AH = — meAT

Where: m is the mass of the copper(II) sulfate solution (50 g)
AT is the change in temperature in °C
n 18 the number of moles of zinc

¢ 1 the specific heat capacity of the solution which
equals 4 18T g-1=C-1

Calculate the enthalpy change for the reaction in kJmol!. 2
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IV. Grive areason why the sign of the enthalpy value calculated is different from
the sign of the temperature change measured. [1]

Total [18]

The energy cyele for a decomposition of nitrogen(Il) oxide is shown below.

AH

3NO . N,O * N,
AH,
a& //4
%Nz + 3EO';:

(@  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]
Use the energy cycle to calculate the enthalpy change of formation of carbon monoxide. M
1
Cs) + 7 0,(q) > CO@)
-394 kJ mol™? —284 kJ mol ™!
CO,(9)

S ~1
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8. Jewels such as diamonds, rubies and emeralds are highly valued but are all closely related to

much less precious materials.

(a) Emeralds are a form of the mineral beryl, with their green colour due to the impurities present.

A sample of beryl contams 10.04 % alummnmm, 53.58 % oxygen and 31.35% silicon by
mass, with bervilium making up the remainder. Its molecular formula is Al.Be 5i,0,,.
Find the percentage by mass of beryllium in the compound and hence l.'.‘EIJI:UJEtE the

value of x in this formula. [3]

(b) The most common form of carbon is graphite, however the element also exists in the form of
diamond.

We can calculate the standard enthalpy change of reaction for making diamond from graphite using

Hess' Law.
Eeaction Standard enthalpy change of reaction /kT mol™
C(diamond) + O,(g) — CO,(z) -395 4
C(graphite) + O(g) —» CO,(g) ~303.5

(i) State Hess' Law.

[1]
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(1) Use Hess" Law and the data 1n the table on page 4 to calculate the enthalpy change
of the reaction below. [2]

C{graphite) — C({diamond)

Enthalpy change of reaction= ... kImol®

(iii) Kyran states that because diamond is an element, its enthalpy of formation under standard
conditions must be zero.State whether Kyran is correct and give a reason to support your answer.

[1]

(iv) Most diamonds used in jewellery come from natural sources, but it is possible to produce
diamonds artificially although these are rarely of gemstone quality.

(1) One proposed use of artificial diamond is to protect medical implants. To cover a particular
implant, a volume of 2.08 cm?® of diamond is needed. Calculate the mass of diamond required

[1]

[Density of diamond under standard conditions = 3.51 g cm-?]

11V =X 0) i [ = g To T g o . g
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(I The process of producing diamond from graphite has a yield of 93 %. Calculate the mass of
graphite needed to make the diamond required.

Mass Of Qraphite = ....uuuueeiiiiiiiiiiiicssssssss s g

(Total 10)

9.

The combustion of fossil fuels provides much of the energy we use today. Nonane, CH,,, is
one of the compounds present in the fuel kerosene.

fi (1) The equation for the combustion of nonane is given below.

CHy (D + 14045 — 9C0O g + 10H,0()
Lisa the values miven m the table to calculate the standard enthalpy of combustion
of nonane. [3]
Standard enthalpy of formation,
Substance ey i
AH: / kT mol™
CoHo(1) =275
0,(g) 0
CO,(g2) -394
H,O(0) —286
Standard enthalpy of combustion = ... kKmol?
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(i) Standard enthalpy changes are measured under standard conditions. Give the standard
conditions of temperature and pressure, including units for each.

TEIMPEIALUIE ..ueeiieeeeeeeeetiesseesess s s e e e e e s e e ssnmaassssssasssseer e e e e s s nnmasasssssssssssaereeeaannnnnnnsssssssasseeenennnnnnnnnnnnsssnnnns

PPIrOSSUIE eeuiiieniiiensiissssssessssrsssssssnsssssnsssssnssssnnssssnssssenssssanssssenssssessssssssssssssssssssssenssssenssssansssssnssssnnsnssnnnnsen

(b) Iwan wished to confirm the value he had calculated for the enthalpy of combustion of nonane,
and he used the apparatus below.

thermometer _

metal calorimeter

clamp

dr t shield -
o wiiah 30 cm’ of water

__ spirit burner

nonane ___

(i) lwan measured the mass of the spirit burner at the start and end of the experiment and found that
0.20 g of nonane had been burned. Calculate the number of moles of nonane present in 0.20 g.

(2]
NUMDBEI OF MOIES = ... mol
(i) During this experiment, the temperature of the water increased by 42.0 °C. Use the formula
below to calculate the enthalpy change of combustion of nonane, in kJ mol.
(2]
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m 1s the mass of water
cis the specific heat capacity of water which is4.18 T°C g™

ATis the temperature change in
*Cn1sthe number of moles of

nonang

AH = onrarmanss s i amol

(iii) Give one reason why the experimental value that Iwan obtained differs from the theoretical value
calculated in part (a).

[1]

(Total 10)
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