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	A reaction scheme starting with benzene is shown below:
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(b) (i) Use the data from Experiment 4 to calculate a value for the rate constant, k, at
this temperature. State the units of k.

Value for k

Units of k ...

(b) (i) Calculate the value of the initial rate in Experiment 5.

(4 marks)
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In this question, give all pH and pK, values to 2 decimal places.
(2) Hydrochloric acid is described as a strong Brgnsted-Lowry acid.

(i) State what is meant by the term Bronsted-Lowry acid.

(i)~ State why hydrochloric acid is described as strong.

(2 marks)
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(b) A sample of hydrochloric acid contains 7.05 x 10* mol of hydrogen chloride in
50cm’ of solution.

(i) Calculate the concentration, in mol dm>, of this hydrochloric acid.

(if)  Write an expression for the term pH.

(iif) Calculate the pH of this hydrochloric acid.

(iv) When water is added to this 50.cm” sample of acid the pH increases. Calculate
the total volume of the solution when the pH becomes exactly 1.00

(6 marks)
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(¢) The value of the acid dissociation constant, Ky, for the weak acid HX is
6.10x 10" mol dm > at 25°C.

(i) Write an expression for the acid dissociation constant, K, for the acid HX.

(ii) Calculate the pH of a 0.255 mol dm™ solution of HX at 25°C.

(4 marks)
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(d) A given volume of a buffer solution contains 6.85 x 10~* mol of the weak acid HY and
2.98 x 10 mol of the salt NaY. The pH of the buffer solution is 3.78

(i) Calculate the value of pKi for the acid HY at this temperature.
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(ii) State and explain the effect on the pH of the buffer solution when a small amount
of hydrochloric acid is added.

Effect on pH

Explanation

(7 marks)
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In this question give all values of pH to 2 decimal places.

The acid dissociation constant, K, for propanoic acid has the value 1.35 x 10~> mol dm™> at
25°C.

_ [HYICHCH,C00 ]
7 ICH;CH,COOH]

(a) Calculate the pH of a 0.169 mol dm™> solution of propanoic acid.

(3 marks)
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(b) A buffer solution contains 0.250 mol of propanoic acid and 0.190 mol of sodium
propanoate in 1000 cm” of solution.

A 0.015 mol sample of solid sodium hydroxide is then added to this buffer solution.

(i) Write an equation for the reaction of propanoic acid with sodium hydroxide.

(ii) Calculate the number of moles of propanoic acid and of propanoate fons present
in the buffer solution after the addition of the sodium hydroxide.

Moles of propanoic acid present ..

Moles of propanoate ions present
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(iii) Hence, calculate the pH of the buffer solution after the addition of the sodium
hydroxide.

(6 marks)
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‘When anhydrous iron(ITl) chloride is added to water the following reactions occur.
FeCly + 6H,0 —> [Fe(H,0)l™" + 3CI”

[Fe(H0)™ + H0 == [Fe(H,0)sOH)** + Hi0"

(a) State the type of acidity shown by [Fe(H,0)sI™. Explain your answer .
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(b) A 0.125mol dm ™ solution of iron(I1) chloride was found to have a pH of 1.87
For the acid [Fe(H;0)s] ™", calculate a value for the acid dissociation constant, K, and
a pK, value.
You should
below.

me that all the hydrogen ion concentration is due to the reaction shown

[Fe(Hy0)**(aq) == [Fe(H,0)s(OH)|**(aq) + H'(aq)
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(¢) Explain why the pH of a solution of iron(1I) chloride
of iron(II) chloride of the same concentration.

higher than that of a solution
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(a) Identify a reagent, or mixture of reagents, necessary to carry out the following.
conversion,

[A2(NH,),I"(@q) — Ag()
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(b) Inanacidic solution, hydrogen
ions, which are reduced to Mn

roxide, H,0,,is oxidised to oxygen by manganate(VI1)
ons.

(i) Write half-equations for the reactions occurring and use these to deduce the
overall equation for this reaction.

Half-equation for the oxidation of 1,0,

Half-equation for the reduction of manganate(V1I) ions

Overall equation
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(ii) 20.0cm” of an acidified solution of H,0, was found to react with exactly 15.7 cm”
of a 0.0180 mol dm  solution of potassium manganate(VII).
Calculate the concentration, in g dm , of the solution of hydrogen peroxide.
(If you have been unable to complete the overall equation in part (b)(i), assume
that the mole ratio of manganate(VII) to H,0, is 3:5. This is not the correct ratio.)

(7 marks)
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lodide ions are oxidised to iodine by peroxodisulphate ions, S,05 . The reaction can be
catalysed by Fe?*(aq) ions and by Fe**(aq) ions.
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In the oxidation of iodide ions by peroxodisulphate fons, the Fe** ions act as a catalyst
in a two-step process.

@

(ii)

Write an equation for cach of the two steps.

Equation for step 1

Equation for step 2
Give two reasons why the Fe2* fons are regarded as a catalyst in this reaction.

Reason 1

Reason 2

(4 marks)
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(a) Draw the structure of ethyl propanoate.

(1 mark)
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(b) Name and outline a mechanism for the formation of ethyl propanoate from propanoyl
chloride and ethanol.

Name of mechanism ...

Mechanism

(5 marks)
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(i) Deduce the structure of Y and give the organic reagent needed for Reaction 2.
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(ii) Give the reagent(s) needed for Reaction 3.
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Consider the reaction sequence shown below.

CHy COOH COOH
@ Reaction 1 © Reaction 2 @ Reaction 3
NH,
J K L

(a) Compound J is produced by the reaction of methylbenzene with the NOS ion. This

fon is formed by the reaction of concentrated nitric acid with concentrated sulphuric
acid.

State the role of concentrated nitric acid in its reaction with concentrated sulphuric
acid.

Name and outline a mechanism for the reaction of methylbenzene with the NO jon.
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(b) Draw the structure of the compound formed when compound K reacts with methanol
in the presence of a small amount of concentrated sulphuric acid.




image1.png
Some enthalpy of vaporisation values, AH, and boiling points are given in the table below.

Substance AHZ/kJmol™  Boiling point/K
NHs(l) 234 240
HE() 326 293

(a) State the equation that relates free-energy change, AG, to enthalpy change, AH, and
entropy change, AS.

(1 mark)
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(c) Compound L is prepared by the reduction of K in Reaction 3

Give reagents and write an equation for Reaction 3. Use [H] to represent the reducing
agent.
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(d) In the presence of a catalyst, L can polymerise.

Name the type of polymerisation which occurs. Draw the repeating unit of the
polymer and name the type of linkage involved.
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(b) Suggest why the free-energy change is equal to zero (AG = 0) when a liquid boils.

(1 mark)
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() Use data from the table above to calculate the standard entropy change, in J K" mol ™',
when liquid ammonia boils.

(2 marks)
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(d) Explain in terms of intermolecular forces why the enthalpy of vaporisation for liquid
hydrogen fluoride is greater than that for liquid ammonia.
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(a) The following data were obtained in a series of experiments on the rate of the reaction
between compounds W and X at a constant temperature.

Tnitial al N
Experiment concentration concentration nitial ate/
of W/mol dm™* of X/moldm™ moldm™
1 025 0.12 0.15x 107
2 050 0.12 030x10°
3 1.00 024 240x10°

(@) (i) Show how the data in the table can be used to deduce that the reaction is
first-order with respect to W.

(2) (i) Deduce the order with respect to X.

(2 marks)
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(b) The following data were obtained in a second series of experiments on the rate of the
reaction between compounds Y and Z at a constant temperature.

Initial Initial o
Experiment concentration concentration Initil rate/
of Y/moldm™ of Z/mol dm™> moldm™s
4 025 0.50 620 10°
5 035 0.10 To be calculated

‘The rate equation for this reaction is

rate = k[Y]*[Z]




