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4.       Hess’s Law is used to calculate the enthalpy change in reactions for which it is difficult to determine a value experimentally.
(a)     State the meaning of the term enthalpy change.
......................................................................................................................
(1)


(b)     State Hess’s Law.
......................................................................................................................
......................................................................................................................
......................................................................................................................
(1)
(c)     Consider the following table of data and the scheme of reactions.
 
	Reaction
	Enthalpy change / kJ mol–1

	            HCl(g)  →        H+(aq)  +          Cl–(aq)
	–75

	            H(g)     +          Cl(g)    →        HCl(g)
	–432

	    H(g)   +     Cl(g)    →    H+(g)    + Cl–(g)
	+963



		[image: ]
Use the data in the table, the scheme of reactions and Hess’s Law to calculate a value for ∆Hr
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
 (3)
(Total 5 marks)
 
5.      (a)     Write an equation for the process that has an enthalpy change equal to the electron affinity of chlorine.
........................................................................................................................
(1)
(b)     In terms of electrostatic forces, suggest why the electron affinity of fluorine has a negative value.
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(c)     (i)      Complete the Born–Haber cycle for silver fluoride by adding the missing species on the dotted lines.
                   [image: ]
(3)
(ii)     Use the cycle in part (i) and the data in the table to calculate a value, in kJ mol–1, for the bond enthalpy of the fluorine–fluorine bond.
 
	 
	Enthalpy change
	Value / kJ mol–1

	 
	Enthalpy of atomisation for silver
	+298

	 
	First ionisation energy for silver
	+732

	 
	Electron affinity for fluorine
	–348

	 
	Experimental enthalpy of lattice dissociation for silver fluoride
	+955

	 
	Enthalpy of formation for silver fluoride
	–203


...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
(2)


(d)     A theoretical value for enthalpy of lattice dissociation can be calculated using a perfect ionic model.
The theoretical enthalpy of lattice dissociation for silver fluoride is +870 kJ mol–1.
(i)      Explain why the theoretical enthalpy of lattice dissociation for silver fluoride is different from the experimental value that can be calculated using a Born–Haber cycle.
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
 (2)
(ii)     The theoretical enthalpy of lattice dissociation for silver chloride is +770 kJ mol–1.
Explain why this value is less than the value for silver fluoride.
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
 (2)
(Total 12 marks)



6.	In this question, give all pH values to 2 decimal places.
(a)     (i)      Write expressions for the ionic product of water, Kw, and for pH.
KW = ….................................................................................................
pH = ....................................................................................................
(ii)     At 318 K, the value of Kw is 4.02 × 10–14 mol2 dm–6 and hence the pH of pure water is 6.70
State why pure water is not acidic at 318 K.
.............................................................................................................
.............................................................................................................
(iii)     Calculate the number of moles of sodium hydroxide in 2.00 cm3 of 0.500 mol dm–3 aqueous sodium hydroxide.
.............................................................................................................
.............................................................................................................
(iv)    Use the value of Kw given above and your answer to part (a)(iii) to calculate the pH of the solution formed when 2.00 cm3 of 0.500 mol dm–3 aqueous sodium hydroxide are added to 998 cm3 of pure water at 318 K.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(6)
(b)     At 298 K, the acid dissociation constant, Ka, for propanoic acid, CH3CH2COOH, has the value 1.35 × 10–5mol dm–3.
(i)      Write an expression for Ka for propanoic acid.
.............................................................................................................
.............................................................................................................
(ii)     Calculate the pH of 0.125 mol dm–3 aqueous propanoic acid at 298 K.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(4)
(c)     Sodium hydroxide reacts with propanoic acid as shown in the following equation.
NaOH + CH3CH2COOH → CH3CH2COONa + H2O
A buffer solution is formed when sodium hydroxide is added to an excess of aqueous propanoic acid.
(i)      Calculate the number of moles of propanoic acid in 50.0 cm3 of 0.125 mol dm–3 aqueous propanoic acid.
.............................................................................................................
.............................................................................................................
(ii)     Use your answers to part (a)(iii) and part (c)(i) to calculate the number of moles of propanoic acid in the buffer solution formed when 2.00 cm3 of 0.500 mol dm–3 aqueous sodium hydroxide are added to 50.0 cm3 of 0.125 mol dm–3 aqueous propanoic acid.
.............................................................................................................
.............................................................................................................
.............................................................................................................
(iii)     Hence calculate the pH of this buffer solution at 298 K.
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
.............................................................................................................
(6)
(Total 16 marks)

7.	An experiment was carried out to measure the e.m.f. of this cell.
Al(s)  [image: ] Al3+(aq)  [image: ] H+(aq)  [image: ] H2(g)  [image: ] Pt(s)
(a)     The aluminium used as the electrode is rubbed with sandpaper prior to use.
Suggest the reason for this.
........................................................................................................................
........................................................................................................................
........................................................................................................................
(1)


(b)     Draw a labelled diagram of a suitable apparatus for the right-hand electrode in this cell. You do not need to include the salt bridge or the external electrical circuit.
 
 
 
 
 
 
 
 
(2)
(c)     A simple salt bridge can be prepared by dipping a piece of filter paper into potassium carbonate solution. Explain why such a salt bridge would not be suitable for use in this cell.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(Total 5 marks)

8.	White phosphorus (P4) is a hazardous form of the element. It is stored under water.
(a)     Suggest why white phosphorus is stored under water.
........................................................................................................................
........................................................................................................................
........................................................................................................................
(1)
(b)     Phosphorus(V) oxide is known as phosphorus pentoxide.
Suggest why it is usually represented by P4O10 rather than by P2O5
........................................................................................................................
........................................................................................................................
........................................................................................................................
(1)


(c)     Explain why phosphorus(V) oxide has a higher melting point than sulfur(VI) oxide.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(d)     Write an equation for the reaction of P4O10 with water to form phosphoric(V) acid.
Give the approximate pH of the final solution.
Equation ........................................................................................................
pH ...................................................................................................................
(2)
(e)     A waste-water tank was contaminated by P4O10. The resulting phosphoric(V) acid solution was neutralised using an excess of magnesium oxide. The mixture produced was then disposed of in a lake.
(i)      Write an equation for the reaction between phosphoric(V) acid and magnesium oxide.
...............................................................................................................
(1)
(ii)     Explain why an excess of magnesium oxide can be used for this neutralisation.
...............................................................................................................
...............................................................................................................
...............................................................................................................
(1)
(iii)     Explain why the use of an excess of sodium hydroxide to neutralise the phosphoric(V) acid solution might lead to environmental problems in the lake.
...............................................................................................................
...............................................................................................................
...............................................................................................................
(1)
(Total 9 marks)
 


9.          Aqueous metal ions can be identified by test-tube reactions.
          For each of the following, describe what you would observe.
          Write an equation or equations for any reactions that occur.
(a)     The addition of aqueous sodium carbonate to a solution containing
[Fe(H2O)6]3+(aq) ions.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(4)
(b)     The addition of aqueous sodium hydroxide, dropwise until in excess, to a solution containing [Al(H2O)6]3+(aq) ions.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(4)
(c)     The addition of dilute aqueous ammonia, dropwise until in excess, to a solution containing [Cu(H2O)6]2+(aq) ions.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(4)


(d)     The addition of concentrated hydrochloric acid, dropwise until in excess, to a solution containing [Cu(H2O)6]2+(aq) ions.
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
(2)
(Total 14 marks)
 
10.    (a)     Use data from the table below to explain why dilute hydrochloric acid cannot be used to acidify potassium manganate(VII) in a titration.
	  
	
	
	
	E[image: ] / V

	 
	MnO4–(aq) + 8H+(aq) + 5e–
	→
	Mn2+(aq) + 4H2O(I)
	+1.51

	 
	Cl2(aq) + 2e–
	→
	2Cl–(aq)
	+1.36

	 
	2H+(aq) + 2e–
	→
	H2(aq)
	0.00



........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(b)     Use information from the table in part (a) to determine the minimum volume, in cm3, of 0.500 mol dm–3 sulfuric acid that is required for a titre of 25.0 cm3 of 0.0200 mol dm–3 potassium manganate(VII) solution. 
Show your working.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(3)


(c)     In each titration using potassium manganate(VII), a large excess of dilute sulfuric acid is used to avoid any possibility of the brown solid MnO2 forming.
(i)      Deduce a half-equation for the reduction of MnO4– ions in acidic solution to form MnO2.
...............................................................................................................
...............................................................................................................
(1)
(ii)     Give two reasons why it is essential to avoid this reaction in a titration between potassium manganate(VII) and iron(II) ions.
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
...............................................................................................................
(2)
(d)     Potassium manganate(VII) is an oxidising agent. 
Suggest one reason why a 0.0200 mol dm–3 solution of potassium manganate(VII) does not need to be kept away from flammable material.
........................................................................................................................
........................................................................................................................
........................................................................................................................
(1)
(Total 9 marks)

11.	Ethanedioic acid is an important industrial chemical with a number of uses.
Ethanedioate ions, C2O42–, act as bidentate ligands with transition metal ions.
(a)     Write an equation for the ligand substitution reaction of an excess of ethanedioate ions with aqueous cobalt(II) ions.
........................................................................................................................
(1)


(b)     The table below shows some standard electrode potentials.
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	Fe3+(aq) + e–
	→ Fe2+(aq)
	+0.77

	 
	2CO2(g) + 2e–
	→ C2O42–(aq)
	–0.49



Use E[image: ] values from the table to explain why an iron(III) complex is not formed when solutions containing ethanedioate ions and iron(III) ions are mixed.
........................................................................................................................
........................................................................................................................
........................................................................................................................
........................................................................................................................
(2)
(Total 3 marks)
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(b)  An aqueous solution of sodium chloride may be distinguished from an aqueous
solution of sodium sulphate using a simple chemical test.

(i) Identify a reagent for this test.

(i)~ State the observations you would expect to make if the reagent identified
in part (b)(i) is added to a separate sample of each solution. Write an equation
for any reaction which occurs.

Observation with sodium chloride ...

Observation with sodium sulphate ...

Equation

(4 marks)
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(a)

(b)

©

State why chlorine is added to drinking water.

(1 mark)

Write an equation for the reaction which occurs when chlorine is bubbled into water.
Identify the substance which causes the resulting solution to be pale green.

Equation.

Identity of substance.

2 marks)

Write an equation for the reaction which occurs when chlorine is bubbled into an excess
of cold aqueous sodium hydroxide.

1 mark)





image8.png
AH,
H'g) + CI(g) > H'ag + Cl(aq

Hig) + Clig —> HCl(g)




image9.png
Ag'(g) +F (@)

Ag(g) + .

Ag(s) + .

Y e




image10.png




image11.png




image12.png




image13.png
The pK, value of a weak monoprotic acid can be determined by using the pH curve obtained when
the acid is titrated against sodium hydroxide. ‘The pH of the solution formed when exactly half of
the acid has been neutralised is equal to the pK, value of the acid.

A chemist used a pH curve to determine a pK, value of an unknown weak monoprotic acid. The
chemist transferred 25.0 ¢’ of a solution of the acid into a conical flask using a pipette, and
measured the pH of the acid solution using a pH meter which can be read to one decimal place. A
solution of sodium hydroxide of concentration of 0.100 mol dm> was added from a burette in
small portions. The pH of the mixture was recorded after each addition of the sodium hydroxide
solution. The chemist’s results are given in Table 3 below.
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Volume of sodium

Volume of sodium

hydroxide solution pH | hydroxide solution pH

added/cm® added/cm®
00 29 215 50
20 34 220 54
40 36 25 17
80 38 2.0 120
120 40 24.0 122
160 43 250 123
200 42 280 124
210 48 300 124
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Use the results given in the table above to plot a graph of pH (y-axis) against volume of
sodium hydroxide solution added. Use the points to draw the pH curve,
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Use your graph from part 1 to determine
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the volume of sodium hydroxide solution at the end-point of the titration cm’
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the volume of sodium hydroxide solution needed to neutralise half of the acid .

om
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the pH of the half-neutralised mixture
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Use the pH of the half-neutralised mixture from part 2(c) to calculate the value of the acid
dissociation constant, K,, of the weak acid.
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The weak acid is known to be one of the following.

Table 4

Acid K,/moldm™
Trichloroethanoic acid 23x107
Dichloroethanoic acid 50%107
Chloroethanoic acid 13x10°
Methanoic acid 16x 107
Ethanoic acid 17x10°

Use your answer from part 3 and the data in Table 4 to identify the unknown acid.
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For the pipette and the burette, the maximum total errors are shown below. These errors take
into account multiple measurements.

pipette +0.05cm’
burette (otal error +0.15em’

Estimate the maximum percentage efror in using these pieces of apparatus and, hence,
estimate their combined error.

You should use the volume of sodium hydroxide at the end-point to estimate the percentage
error in using the burette.
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Calculate the difference between the K, value obtained from the graph and the K, value of
the acid you identified in Table 4 as the unknown acid. Express this difference as a
percentage of the value given in Table 4.

(If you could not complete part 2 of the Analysis section, you should assume that the K,
value determined from the graph is 1.9 x 10~ mol dm™>. This is not the correct value.)





image1.png
A sample of element Q was extracted from a meteorite. The table below shows the relative
abundance of each isotope in a mass spectrum of this sample of Q.

m/z 64 66 67 68

Relative abundance (%) | 389 | 27.8 147 | 186
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The overall percentage apparatus error for this experiment, including the errors in using the
pH meter, was found to be 25%. Comment on the magnitude of the difference between the

K, value obtained from the graph and the K, value of the acid you identified in Table 4 as
the unknown acid.
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State two ways in which the accuracy of the pH readings could be improved.
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(a) Define the term relative atomic mass of an element.
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(b) Use the data above to calculate the relative atomic mass of this sample of Q. Give
your answer to one decimal place. Suggest the identity of Q.
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(¢) In order to obtain a mass spectrum of Q, a gaseous sample is first ionised. Describe
how ionisation is achieved in a mass spectrometer. Give two  reasons why onisation
is necessary.
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(2) Give the formula of the least soluble hydroxide of the Group II






