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(b) A Hess Cycle based on these reactions is shown below.

AH~

2KHCO,(s)

1

Y

K,CO(s) + CO(g) + HO()

+ 2HCl(aq) + 2HCl(aq)

2KCl(aq) + 2CO(g) + 2HO(])

AH® =

(i) Apply Hess’s Law to obtain an expression for AH~ in terms of AH,” and AH,”.

(ii) Use your answers to (a)(iii) and (b)(i), and the AH,” value of =34 kJ mol™', to
calculate a value for AH in kJ mol™'. Include a sign in your answer.
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(c) The maximum errors for the apparatus used in the experiment with the KHCO,(s)
were as follows:

Balance +001g
Measuring cylinder +0.5cm’

(1) Calculate the maximum percentage error in using each of the following pieces
of apparatus in the KHCO,(s) experiment:

Balance

Measuring cylinder

(i) Suggest a piece of apparatus that could have been used to measure the volume
of dilute hydrochloric acid more accurately in this experiment.

(Total for Question 23 = 10 marks)
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24 (a) State the general formula of the alkanes, using the letter n to denote the number of
carbon atoms in each molecule.

(b) Alkanes are used as fuels. In the petrochemical industry, useful hydrocarbons are
often produced from longer chain molecules.

Name the type of reaction shown below.

i) ANANN — . AN+ AN

Type of reaction ...

(i) NN O +  H

Type of reaction ...

(c) By what type of formula are the organic molecules in (b) represented?

(d) Another reaction carried out in industry can be represented as shown below.

NNV —

compound 1 compound 2

(1) Give the molecular formula of compound 2.

N 3 4 41 0 A 0 2 2 2 8
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(e) An equation for the reaction between methane and chlorine is:
CH, + Cl, — CH,Cl + HCI

The reaction occurs in the presence of ultraviolet (UV) light via a free-radical chain
mechanism.

The initiation step is Cl, — 2Cl-

The next step could be

EITHER CH, + Cl- — +CH, + HCI (Step A)
OR CH, +Cl- —» CH,CI + H* (Step B)

(1) Use the following data to calculate a value for the enthalpy change for each of
the Steps, A and B.

Bond Mean bond
enthalpy / kJ mol™!
C-H +413
Cc-Cl + 346
H-Cl + 432

Enthalpy change for Step A CH, + Cl+ — +CH, + HCI

Answer ..o kJ mol™!

Enthalpy change for Step B CH, +Cl- —» CH,Cl1 + H-

QUESTION 24 CONTINUES ON THE NEXT PAGE.
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(f) Another halogenoalkane, bromomethane, CH,Br, is a toxic gas used to protect plants
against insects.

Health and Safety advice states that concentrations above 5 parts per million (ppm)
by volume of this gas are harmful.

A research laboratory contains 2.5 x 10° dm® of air. Calculate the maximum volume
of bromomethane, in dm?®, allowed in the laboratory to comply with the advice given.

1)

(Total for Question 24 = 11 marks)

TOTAL FOR SECTION B = 60 MARKS
TOTAL FOR PAPER = 80 MARKS
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