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only2. (a) The diagram shows the variation of the ionic product of water, Kw, with temperature.

(i) Give the expression for the ionic product of water, Kw. [1]

(ii) By reference to the diagram, and giving your reasoning, state whether the
ionisation of water is an exothermic or an endothermic process. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) Use the diagram to determine the value (mol2 dm–6) of Kw at 50°C. [1]
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(iv) Hence calculate [H+] and the pH of pure water at 50°C. [2]
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(c) As solids do not affect the position of equilibrium, for the solution equilibrium

MgCO3(s)   ⇌ Mg2+(aq)   +   CO3
2– (aq)

the simplest expression for the equilibrium constant, Kc, can be written

Kc = [Mg2+(aq)][ CO3
2– (aq)]

(i) Given that the solubility of  MgCO3 at 20 °C is 3.16 × 10–3 mol dm–3, state the
molar concentrations of  magnesium ions, Mg2+(aq), and carbonate ions,
CO3

2– (aq), in a saturated MgCO3 solution. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Hence calculate the value of Kc at 20°C. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) Giving your reasons, state whether the value of Kc is consistent with the value of
the free energy change, ∆G, given for this reaction in (b). [1]
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(iv) By applying Le Chatelier’s Principle to the chemical equation above, and giving
your reasons, state the effect on the solubility of  magnesium carbonate of
adding sodium carbonate to the solution. [1]
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(b) The diagram below shows how pH changes during the course of  a titration when

hydrochloric acid of concentration 0.100 mol dm–3 is added from a burette to 25.0 cm3

of aqueous ammonia.
NH3(aq)   +   HCl(aq)   → NH4Cl(aq)

(i) Calculate, to two significant figures, the concentration of the aqueous ammonia
solution. [3]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B

Volume HCl added /cm3
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1
0
9
5
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1
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(ii) Explain why a buffering effect occurs in the region of the curve marked with the
letter B, where a mixture of NH3(aq) and NH4Cl(aq) is present. [3]
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(iii) Giving your reasoning, state which of the following indicators would be suitable
for the titration of ammonia against hydrochloric acid. [2]

8
Examiner

only

pH range

6.0 -7.6

4.2 -6.3

2.9 -4.0

8.2 -10.0

Indicator

Bromothymol blue

Methyl red

Methyl yellow

Phenolphthalein

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Mechanism A

N2O5          NO2  +  NO3

NO3           NO   +  O2

NO   +  N2O5          3NO2

Mechanism B

2N2O5          2NO3   +  N2O4

NO3   +  N2O4        NO   +  2NO2  +  O2

NO   +  NO3           2NO2

  
equation. [2]

 

 

 

 (c) 2
2O4. (line 24)

2NO2 [   N2O4 ∆H –1

Kp

Kp. [2]

 

 

 

 2 was
  3.00 × 105

2
5

Kp

 

 

 

  Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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E      / 

I2  +  2e –  [  2I – +0.54

Br2  +  2e –  [  2Br – +1.09

Cl2  +  2e –  [  2Cl – +1.36

 (c) 

both 

 (QWC)  [1]

 (d) 
4

 (i) What is meant by the term strong acid

Ka
HOCl. [1]

–3

Ka

 Total [20]
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SECTION A

Answer all questions in the spaces provided.

1. Halogens and their compounds take part in a wide variety of reactions.

 (a) Give the chemical name of a chlorine-containing compound of commercial or industrial 
importance. State the use made of this compound. [1]

 

 

 (b) Hydrogen reacts with iodine in a reversible reaction.

  H2(g) + I2(g) a 2HI(g)

  An equilibrium was established at 300 K, in a vessel of volume 1 dm3, and it was found 
that 0.311 mol of hydrogen, 0.311 mol of iodine and 0.011 mol of hydrogen iodide were 
present.

 (i) Write the expression for the equilibrium constant in terms of concentration, Kc.
 [1]

 (ii) Calculate the value of Kc at 300 K. [1]

 Kc = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

 (iii) What are the units of Kc, if  any? [1]

 

 (iv) Equilibria of H2, I2 and HI were set up at 500 K and 1000 K and it was found that 
the numerical values of Kc were 6.25 × 10–3  and 18.5 × 10–3 respectively.

  Use these data to deduce the sign of ∆H for the forward reaction. Explain your 
reasoning. [3]

 

 

 

 

© WJEC CBAC Ltd.
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3. Read the passage below and then answer the questions in the spaces provided.

Acids Through The Ages

 The ancient Greeks started to classify materials as salt-tasting, sweet-tasting, sour-tasting and 
bitter-tasting. In this classification acids were those considered to be sour-tasting – the name 
comes from the Latin acere.

 Taste continued to be an important consideration – even today many people would think of 
the sour taste of a lemon as being typical of an acid. However it was found that, as well as 
taste, these compounds had other properties in common. The dye litmus had been extracted 
from lichens and it was found that acids changed the colour of this to red. They also corroded 
metals.

 Many acids were identified – citric acid could be extracted from citrus fruit and methanoic 
acid could be extracted, by distillation, from red ants. Methanoic acid used to be called formic 
acid since the biological term for an ant is formica.

 The modern classification of acids is based on the theory suggested by Lowry and Brønsted 
although more recent classifications, based on electron pair donation, have been suggested by 
Lewis.

 Using the Lowry-Brønsted classification both citric acid and methanoic acid are described as 
being weak. For methanoic acid, HCOOH, the value of the acid dissociation constant, Ka, is 
1.75 × 10–4 mol dm–3.

 Acids have a wide variety of uses in modern chemistry. They can, for example, be used as 
catalysts in hydrolysis reactions and work is currently being done to investigate the possibility 
of obtaining biofuels by the hydrolysis of farm waste such as straw. In some situations however 
acids can destroy catalytic effects. The tertiary structure and therefore the shape of the active 
sites of some enzyme catalysts can be maintained by ionic attractions. This could arise, for 
example, when the enzyme involves the amino acids lysine and aspartic acid. The NH2 on the 
lysine can be protonated to give a positive ion, whilst the COOH can be deprotonated to give 
a negative ion. Attraction between oppositely charged ions holds the shape but if the pH is 
altered and one of the charges is lost the shape can change and the enzyme becomes denatured.

© WJEC CBAC Ltd.

lysine aspartic acid

 The possible alteration of the shapes of molecules in biological systems means that it is 
important that the pH of, for example shampoos, is maintained within a small range. For best 
results shampoo should stay at a pH just below 7.

- End of passage -
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 (a) State what is meant by a Lowry-Brønsted acid. (line 12) [1]

 

 

 (b) Define pH. [1]

 

 

 (c) David and Peter were discussing acids and bases. David said that you could decide 
whether an acid was strong or weak by measuring the pH of the acid solution. He said 
that the strong acid would have a lower pH. Peter said that he felt that the strength of the 
acid was not the only factor that affected pH.

  Discuss the factors that affect pH. [4]
 QWC [1]

 

 

 

 

 

 

 

 (d) Methanoic acid is a weak acid.

 (i) Write the expression for the acid dissociation constant, Ka, of methanoic acid. [1]

 (ii) Using the information in lines 16 and 17 of the article, calculate the pH of 
0.10 mol dm–3 methanoic acid. [3]

 pH = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (e) The article (line 29) states that it is important to maintain the pH of shampoo within a 
small range.

 (i) What name is given to a system designed to maintain pH within a small range?
 [1]

 

 (ii) The pH of a shampoo is maintained within a small range by using a weak acid, 
RCOOH, and its sodium salt, RCOONa.

  Explain how this mixture maintains pH within a small range. [3]

 

 

 

 

 

 

 Total [15]

 Total Section A [40]
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SECTION A

Answer all questions in the spaces provided.

1. Ammonium salts are very important chemicals as they are used as a nitrogen source in fertilisers.

 (a) When cold aqueous sodium hydroxide is added to an ammonium salt, the following 
equilibrium exists.

 NH4
+(aq) + OH−(aq) a NH3(aq) + H2O(I)

  Identify the two acid-base conjugate pairs in the equilibrium. [2]

 

 

 (b) Ammonium chloride and sodium nitrite react together in aqueous solution to produce 
nitrogen gas. This can be represented by the ionic equation:

 NH4
+(aq) + NO2

−(aq) N2(g) + 2H2O(I)

  The rate equation for the reaction is given below.

  Rate = k[ NH4
+ ][ NO2

− ]

 (i) Complete the table of data for the above reaction. All experiments were carried out 
at the same temperature. [3]

© WJEC CBAC Ltd.

[NH4
+(aq)] / mol dm−3 [NO2

−(aq)] / mol dm−3 Initial rate / mol dm−3 s−1

1 0.200 0.010 4.00 × 10−7

2 0.010 2.00 × 10−7

3 0.200 1.20 × 10−6

4 0.100 0.020

 (ii) Calculate the value of the rate constant, k, giving its units. [2]

Value of k = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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2. (a) Write an expression for the ionic product of water, Kw, giving its units, if any. [2]

 Kw =

Units . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) (i) The value for Kw at 298 K is 1.0 × 10−14. Explain why the pH of pure water at this 
temperature has a value of 7. [2]

 

 

 

 (ii) Calculate the pH of the final solution if 10 cm3 of 0.10 mol dm−3 hydrochloric acid is 
added to 990 cm3  of pure water. [2]

pH = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (c) Calculate the pH of a solution which is 0.010 mol dm−3 with respect to ethanoic acid and 
0.020 mol dm−3 with respect to sodium ethanoate at 298 K. [3]

[Ka for ethanoic acid = 1.78 × 10−5 mol dm−3 at 298 K]

pH = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (d) If 10 cm3 of 0.10 mol dm−3 hydrochloric acid is added to 990 cm3 of the solution described 
in (c) the change in pH is only 0.06. Explain why this change in pH is much smaller than 
that in (b)(ii). [3]

 

 

 

 

 

 

 Total [12]
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 (e) A flask containing an initial mixture of 0.100 mol of ethanoic acid and 0.083 mol of methanol 
was kept at 25 °C until the following equilibrium had been established.

CH3COOH + CH3OH CH3COOCH3 + H2O  = −3 kJ mol−1

  The ethanoic acid present at equilibrium required 32.0 cm3 of a 1.25 mol dm−3 solution of 
sodium hydroxide for complete reaction.

 (i) Write an expression for the equilibrium constant, K
c
, giving the units, if any. [2]

 (ii) Calculate the number of moles of ethanoic acid present at equilibrium. [1]

 (iii) Calculate the value of the equilibrium constant, K
c
, for this reaction. [2]

 (iv) State, giving a reason, what happens to the value of the equilibrium constant, K
c
,

  if the temperature is increased. [1]

 Total [20]

 Total Section B [40]

END OF PAPER
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