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7 Use relevant data on enthalpies of combustion and CHy() + 3H,(g) = CHy,(0)
the following equation to calculate the enthalpy of

formation of e, CH(g). Use relevant data on enthalpies of combustion to

calculate the enthalpy change for this reaction.

2fs) + Hy(9) ~ GH,(g) (Enthalpy of combustion of cyclohexane,
8 Benzene reacts with hydrogen under certain AH — ~3024KImol™)
conditions to yield cyclohexane according to the
following equation:
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Questions

9 Calculate the enthalpy change, using bond

enthalpies, for the following reactions:
a) GH,(g) + Hy(9) — CHy(9)
b) CH,(g) + 20,(g) — CO,(g) + 2H,0(g)
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Study Ques

ns

1 The enthalpy of combustion of ethene relates to
which of the following equations?
A CH(g) +20,(g) > 200,(q) + 2H,(g)
B GH,(g) + 30,(g) — 2C0,(g) + 2H,0()
€ CH(g) + 20,(g) — 200(g) + 2H,0()
D GH() +0,(9) — 200(g) +2H,(9)
2 Benzene can be produced from ethyne. The equation
for this reaction is
3CH(9) = GH ()

The enthalpy change for this reaction in kJmol-t,
using enthalpies of combustion from the data

booklet, is
A2 B -632

C198 D -198

3 Refer to the reaction paths shown below.

188 kimol !
Hio) — o
)
286k mal T\ + 0,0 x
00

Figure 15.11

According to Hess's Law, the enthalpy change, in
KImol, for reaction X is

A-98 B9 C-47 D47k
4
Reactant Hydrochloric | Ammonia
acid solt
Concentration/moll- | 1.0 20
Volume/cm® 0.0 200
Temperature/°C 205 205
Table 15.6

The highest recorded temperature after mixing these
solutions was 28.5°C.

Use the data given to calculate the enthalpy of
neutralisation of hydrochloric acid by ammonia
solution. Ammona solution, NH(aq), reacts as
NH,OH(ag) when it neutralises an acid. The equation
for the reaction with hydrochloric acid is

NH,OH(ag) + HCl(ag) > NH Cl(ag) + H,0()

5 A polystyrene cup contained 50cm?® of water at
21.2°C. 2.53g of powdered ammonium chloride
was added and dissolved with stirring. Calculate
the lowest temperature which the solution should
reach given that the enthalpy of solution of NH,CLis
15.0KImol-L.

6 Two litres of water, initially at 25 °C, were heated
using a butane burner as shown below.

auminium pot
containing water

Figure 15.12

a) Using appropriate data from your data booklet,
calculate the number of moles of butane needed
to boil this quantity of water.

b) In practice, some heat is lost to the
surroundings. Calculate the mass of butane
burned if 80% of the heat produced by the burner
is transferred to the water.
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7* The following results are taken from the notebook of
2 pupil who was trying to confirm Hess's Law.

Experiment 1 - Addition of 1.6 of sodium hydroxide
solid to 50cm? of 1mol L hydrochloric acid

NaOH(s) + HCl(aq) — NaCl(ag) + H,0(1)

Mass - 509
Tnitial temperature of HCl(aq) —217%
Highest temperature during experiment = 29.9°C
At —8.2°C

Experiment 2 - Addition of 25 cm® of 2moll-* sodium
hydroxide solution to 25cm? of 2moll-* hydrochloric
acid

NaOH(ag) + HCl(aq) — NaCl(aq) + H,0()
Mass - 509
Tnitial temperature of HCl(ag) - T,
Tnitial temperature of NaOH(aq) - T,

217°C
2.1°C

Highest temperature during experiment = 28.6 °C

AT =

a) i) In experiment 1, calculate which reactant is in
excess. (Show your working clearly.)
i) Tn experiment 1, calculate the enthalpy
change during the reaction. You may wish to use
the data booklet to help you.

b) Calculate AT for experiment 2.

<) Outtine a third experiment which would have to
be carried out in order to confirm Hess's Law.

d) Suggest a precaution which should be taken to
‘minimise heat loss during the experiments.

8 The equation for the formation of benzene from
carbon and hydrogen is as follows:
6C(s) + 3H,(g) = CH,(0)

Use enthalpies of combustion from your data booklet
to calculate the enthalpy of this reaction.

9 The equation for the complete hydrogenation of
ethyne s shown below:

CHy(9) + 2H,(g) = GH (o)
‘The structure of ethyne is as shown below.

Figure 15.13

Calculate the enthalpy change of this reaction using
a) enthalpies of combustion
b) bond enthalpies.
10 Carbon disulfide, CS,, is an inflammable liquid
producing C0, and SO, when it burns.
The equation for the formation of carbon disulfide
from carbon and sulfur s shown below along with
the enthalpy change for the reaction.
(s) + 25(5) > CS,(1)
AH = 88kImol-t
Use this information and the enthalpies of
‘combustion of carbon and sulfur to calculate the
enthalpy of combustion of carbon disulfide.
11 Use bond enthalpies to calculate the enthalpy
change for this reaction:
N,(g) + 3H,(g) — 2NH,(g)

12* Hess's Law can be used to calculate the enthalpy
change for the formation of ethanoic acid from its
elements.

20(s) + 2H,(g) + 0,(g) > CH,C00H()

Calculate the enthalpy change for the above
reaction, in KImol-, using information from the
data booklet and the following data:
CH,CO0H(Y) + 20,(g) —» 2C0,(g) + 2H,0()
AH = -876kImal
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1 When burned, 0.01moles of methane raised the
temperature of 200 cm? of water by 10.5 °C. Calculate
the enthalpy of combustion of methane.

Mass of burer + propanol before burning = 84.25g

Mass of burner + propanol after burning = 83.95g
Mass of water heated = 120g

Temperature of water before heating = 19.0°C
Highest temperature of water after heating = 31.5°C

The data given was obtained by some pupils using
apparatus similar to that shown in Figure 15.3. The
alkanol used was propanol, C,H,0H.

2) Use the data to calculate the enthalpy of
combustion of propanol obtained in this
experiment.

b) Compare this result with the data booklet value
and describe what you consider to be the main
sources of experimental error.
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Questions

3 3.03g of potassium nitrate, KNO,, was dissolved in 4 Calculate the enthalpy of solution of sodium
100cm? of water. The temperature of the water fell hydroxide from the following data.
by 2.5°C.

Calculate the enthalpy of solution of this salt.

Mass of solute, NaOH =0.80g

Volume of water used = 40cm
Temperature of water initially = 20.2°C
Highest temperature of solution = 25.0°C
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Questions

5 Calculate the enthalpy of neutralisation of
nitric acid by potassium hydroxide given that a
temperature rise of 6.5°C was observed on mixing
10cm® of 1moll-* HNO, and 10cm? of 1moll*
KOH.

Calculate the enthalpy of neutralisation of sulfuric
acid by sodium hydroxide from the following data.

Solutions used: 20cm® of 1mollt H,S0, and 20cm®
of 2mol - NaOH.

Temperature of acid before mixing = 20.0°C
Temperature of alkali before mixing = 20.8°C
Temperature of solution after mixing = 34.0°C

Remember that this enthalpy change relates to the
formation of one mole of water.





