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4.	The following table shows some enthalpy change and entropy change data.
 
	 
	 
	ΔH / kJ mol–1
	ΔS / J K–1 mol–1

	 
	AgCl(s)  [image: ]  Ag+(g)  +  Cl–(g)
	+905
	 

	 
	AgCl(s)  [image: ]  Ag+(aq)  +  Cl–(aq)
	 +77
	+33

	 
	  AgF(s)  [image: ]  Ag+(aq)  +  F–(aq) 
	 –15
	to be calculated

	 
	  Ag+(g)  [image: ]  Ag+(aq)
	–464
	 


(a)     Define the term enthalpy of hydration of an ion.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)


(b)     Use data from the table to calculate a value for the enthalpy of hydration of the chloride ion.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (2)
(c)     Suggest why hydration of the chloride ion is an exothermic process.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
 (2)
(d)     Silver chloride is insoluble in water at room temperature.
Use data from the table to calculate the temperature at which the dissolving of silver chloride in water becomes feasible.
Comment on the significance of this temperature value.
Calculation of temperature .............................................................................
........................................................................................................................
........................................................................................................................
Significance of temperature value ..................................................................
........................................................................................................................
........................................................................................................................
(4)
(e)     When silver fluoride dissolves in water at 25 °C, the free-energy change is –9 kJ mol–1.
Use this information and data from the table to calculate a value, with units, for the entropy change when silver fluoride dissolves in water at 25 °C.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
.....................................................................................................................
(3)
(Total 13 marks)

 
5.          This question is about the pH of several solutions.
          Give all values of pH to 2 decimal places.
(a)     (i)      Write an expression for pH.
.............................................................................................................
(1)
(ii)     Calculate the pH of 0.154 mol dm–3 hydrochloric acid.
.............................................................................................................
.............................................................................................................
(1)
(iii)     Calculate the pH of the solution formed when 10.0 cm3 of 0.154 mol dm–3 hydrochloric acid are added to 990 cm3 of water.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(2)
(b)     The acid dissociation constant, Ka, for the weak acid HX has the value
4.83 × 10–5 mol dm–3 at 25 °C.
A solution of HX has a pH of 2.48
Calculate the concentration of HX in the solution.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(4)


(c)     Explain why the pH of an acidic buffer solution remains almost constant despite the addition of a small amount of sodium hydroxide.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
 (2)
(d)     The acid dissociation constant, Ka, for the weak acid HY has the value
1.35 × 10–5 mol dm–3 at 25 °C.
A buffer solution was prepared by dissolving 0.0236 mol of the salt NaY in
50.0 cm3 of a 0.428 mol dm–3 solution of the weak acid HY
(i)      Calculate the pH of this buffer solution.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
 (4)
(ii)     A 5.00 × 10–4 mol sample of sodium hydroxide was added to this buffer solution.
Calculate the pH of the buffer solution after the sodium hydroxide was added.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(4)
(Total 18 marks)
6.      Where appropriate, use the standard electrode potential data in the table below to answer the questions which follow.
 
	 
	 
	 
	 
	 
	 
	 
	Eο/V

	Zn2+(aq)
	+
	2e–
	→
	Zn(s)
	 
	 
	–0.76 

	V3+(aq)
	+
	e–
	→
	V2+(aq)
	 
	 
	–0.26

	[image: ]+ 2H+(aq)
	+
	2e-
	→
	[image: ]
	+
	H2O(l) 
	+0.17 

	VO2+(aq) +2H+(aq)
	+
	e–
	→
	V3+(aq)
	+
	H2O(l)
	+0.34

	Fe3+(aq)
	+
	e–
	→
	Fe2+(aq)
	 
	 
	+0.77

	[image: ]+ 2H+(aq)
	+
	e–
	→
	VO2+(aq)
	+
	H2O(l)
	+1.00

	Cl2(aq)
	+
	2e–
	→
	2Cl–(aq)
	 
	 
	+1.36 



(a)     From the table above select the species which is the most powerful reducing agent.
......................................................................................................................
(1)
(b)     From the table above select
(i)      a species which, in acidic solution, will reduce [image: ] to VO2+(aq) but will not reduce VO2+(aq) to V3+(aq),
.............................................................................................................
(ii)     a species which, in acidic solution, will oxidise VO2+(aq) to [image: ].
.............................................................................................................
(2)
(c)     The cell represented below was set up under standard conditions.
Pt|Fe2+(aq), Fe3+(aq)||Tl3+(aq),Tl+(aq)|Pt                             Cell e.m.f. = + 0.48 V
(i)      Deduce the standard electrode potential for the following half-reaction.
Tl3+(aq) + 2e– → Tl+(aq)
.............................................................................................................
.............................................................................................................
(ii)     Write an equation for the spontaneous cell reaction.
.............................................................................................................
(3)


(d)     After acidification, 25.0 cm3 of a solution of hydrogen peroxide reacted exactly with 
16.2 cm3 of a 0.0200 mol dm–3 solution of potassium manganate(VII). The overall equation for the reaction is given below.
[image: ] + 6H+ + 5H2O2 → 2Mn2+ + 8H2O + 5O2
(i)      Use the equation for this reaction to determine the concentration, in g dm–3, of the hydrogen peroxide solution.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(ii)     Calculate the maximum volume of oxygen, measured at a pressure of 98 kPa and a temperature of 298 K, which would be evolved in this reaction.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(8)
(Total 14 marks)
 


7.	This question is about copper chemistry.
(a)     Aqueous copper(II) ions [Cu(H2O)6]2+(aq) are blue.
(i)      With reference to electrons, explain why aqueous copper(II) ions are blue.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(3)
(ii)     By reference to aqueous copper(II) ions, state the meaning of each of the three terms in the equation ΔE = hv.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
 (3)
(iii)     Write an equation for the reaction, in aqueous solution, between [Cu(H2O)6]2+ and an excess of chloride ions.
State the shape of the complex produced and explain why the shape differs from that of the [Cu(H2O)6]2+ ion.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
 (3)


(b)     Draw the structure of the ethanedioate ion (C2O42–).
Explain how this ion is able to act as a ligand.
 
 
 
 
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(2)
(c)     When a dilute aqueous solution containing ethanedioate ions is added to a solution containing aqueous copper(II) ions, a substitution reaction occurs. In this reaction four water molecules are replaced and a new complex is formed.
(i)      Write an ionic equation for the reaction. Give the co-ordination number of the complex formed and name its shape.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(4)
(ii)     In the complex formed, the two water molecules are opposite each other.
Draw a diagram to show how the ethanedioate ions are bonded to a copper ion and give a value for one of the O–Cu–O bond angles. You are not required to show the water molecules.
 
 
 
 
 
(2)
(Total 17 marks)
 8.	Transition metal compounds have a range of applications as catalysts.
(a)     State the general property of transition metals that allows the vanadium in vanadium(V) oxide to act as a catalyst in the Contact Process.
........................................................................................................................
(1)
(b)     Write two equations to show how vanadium(V) oxide acts as a catalyst in the Contact Process.
Equation 1
........................................................................................................................
Equation 2
........................................................................................................................
(2)
(c)     In the Contact Process, vanadium(V) oxide acts as a heterogeneous catalyst.
(i)      Give the meaning of the term heterogeneous.
...............................................................................................................
...............................................................................................................
...............................................................................................................
(1)
(ii)     Give one reason why impurities in the reactants can cause problems in processes that use heterogeneous catalysts.
...............................................................................................................
...............................................................................................................
...............................................................................................................
(1)


(d)     The oxidation of C2O42− ions by MnO4− ions in acidic solution is an example of a reaction that is autocatalysed.
(i)      Give the meaning of the term autocatalysed.
...............................................................................................................
...............................................................................................................
...............................................................................................................
(1)
(ii)     Identify the autocatalyst in this reaction.
...............................................................................................................
(1)

(iii)    Write two equations to show how the autocatalyst is involved in this oxidation of C2O42− ions.
Equation 1 
...............................................................................................................
Equation 2 
...............................................................................................................
(2)
(Total 9 marks)
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image6.png
(@) () State the trend in oxidising ability of the halogens from fluorine to iodine.

(ii) Write an equation to show how chlorine reacts with aqueous potassium bromide.
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(b) Use the following information to identify the species J, K, L, M, N and Q.

‘When silver nitrate solution is added to a solution of sodium halide J, a colourless
solution remains and no precipitate is formed.

When silver nitrate solution is added to a solution of a sodium halide K, a yellow solid
is formed.

‘When concentrated sulphuric acid is added to solid sodium halide L, a brown gas M
and two colourless gases N and Q are formed. Gases N and Q both dissolve in water
to form acidic solutions.

Identity of J .
Identity of K

Identity of L

Identity of M

Identities of N and Q ..

(6 marks)
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S03 (ag)
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S04 (aq)
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VO3 (ag)
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VO3 (an)
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MnO




image14.png
Hydrogen peroxide is sold commercially as an aqueous solution. Hydrogen peroxide solution
decomposes slowly under normal conditions. A student was asked to carry out an experiment to

find the concentration of a given aqueous solution.

The concentration of a solution of hydrogen peroxide can be determined by titration with a
solution of potassium manganate(V1I) in the presence of dilute sulphuric acid. Half-equations for
the redox reactions occurring are given below.

Hy0, —> 0, + 2H' + 2¢
MnO; + 8H' + 5¢ —> Mn®' + 4H,0

The student diluted the commercial hydrogen peroxide by transferring a 25.0cm® sample to a
250 cm® volumetric flask using a pipette and filler. The sample in the flask was made up to the
mark with deionised water and shaken well to ensure complete mixing.

A 25.0em? portion of the diluted hydrogen peroxide solution was transferred to a conical flask
using a pipette and filler. This solution was acidified with dilute sulphuric acid and titrated with a
0.0200mol dm * solution of potassium manganate(V1I). The titration was repeated three times and
the results are shown in the table.






image15.png
Titration number 1 2 3 4
Final burette reading/cm’ 28.10 46.10 27.90 48.75
Initial burette reading/cm’ 0.00 18.20 0.05 20.90






image16.png
Deduce an overall equation for the reaction between hydrogen peroxide and manganate(VII)
ions in the presence of dilute sulphuric acid.
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Identify all the concordant results in the table and use these to determine the mean titre.
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Use your answers from part (a) and part (b) to calculate the number of moles of hydrogen
peroxide in 25.0cm® of the diluted solution.
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Use your answer from part (c) to calculate the concentration of hydrogen peroxide in the
undiluted commercial solution.

(If you could not complete the calculation in part (¢}, you should assume a value of

1.45 10 *mol. This is not the correct value.)





image20.png
Use your answer from part (d) to calculate the concentration, in gdm ~, of hydrogen
peroxide in the undiluted commercial solution.






image21.png
Assume that the maximum errors for the apparatus used in this experiment were

volumetric flask +1em®
pipette +0.1cm’®  (from dilution and titration)
‘burette total error +0.15cm®  (from two readings and an end point error)

Caleulate the maximum percentage error in using cach picce of apparatus, and hence the
maximum overall apparatus error. Use the mean titre to calculate the error in using the
burette.
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Comment on the consistency of the titration results given in the table -
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According to the supplier, the commercial solution of hydrogen peroxide had a concentration
of 0.815moldm *. Calculate the difference between the value calculated in part (4) of the
Analysis section and the supplier’s value. Express this as a percentage of the supplier’s
value.

(If you could not complete the calculation in part (4) of the Analysis section, you should
assume a value of 0.515mol dm >, This is not the correct value.)

Difference

Percentage .
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‘Comment on the magnitude of the difference between the supplier’s value and the student’s
value.
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(a) State, in terms of the fundamental particles present, the meaning of the term isofopes.

(1 mark)

(b) An atom contains one more proton than, but the same number of neutrons as, an atom
0f 3°S. Deduce the symbol, including the mass number and the atomic number, of this
atom.

(2 marks)
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Apart from apparatus crror, suggest two reasons why the student’s value is lower than the
supplier’s value. Assume that the supplier’s figure is correct.

Reason |

Reason 2
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(c) The table below gives the relative abundance of each isotope in a mass spectrum of a
sample of germanium, Ge.

mlz 70 72 74

Relative abundance (%) | 244 | 324 | 432

(i) Complete the electron amrangement of a Ge atom.

s

(i) Use the data above to calculate the relative atomic mass of this sample of
‘germanium. Give your answer to one decimal place.
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One of the isotopes of Ge, given in the table in part (c), has an ion that forms a
small peak in the mass spectrum which is indistinguishable from a peak
produced by **S* jons. Identify this Ge ion and explain your answer.

Ion

Explanation
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(a)

(b)

Sea water contains large amounts of dissolved magnesium compounds.
Approximately 1kg of magnesium can be extracted from 1000dm?® of sea water.

The first step in the extraction process is to react the magnesium ions in sea water
with hydroxide ions to produce a precipitate of magnesium hydroxide.
Write the simplest ionic equation for this reaction.

(1 mark)

The second step in the extraction process is to react magnesium hydroxide with
hydrochloric acid to give magnesium chioride. Write an equation for this reaction.

(1 mark)
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(€)  Magnesium is used in the extraction of titanium.

(i) Write an equation for the extraction of titanium from titanium(V) chloride using
magnesium.

State the role of magnesium in this extraction.





