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SECTION B

Answer both questions in the separate answer book provided.

4. (a) Bromine, Br2, reacts with propanone, CH3COCH3, in aqueous solution.

Br2(aq)   +   CH3COCH3(aq)   → HBr(aq)   +   CH3COCH2Br(aq)

(i) If  the initial bromine concentration, [Br2(aq)], was 0.0020 mol dm–3 and the Br2
was completely used up in 17 min 30 seconds, calculate the rate of the reaction
(including units). [2]

(ii) Outline one method which could be used to determine the rate for this reaction.
[2]

(iii) The following results were obtained when propanone and bromine were reacted
in acid solution.

Rate of reaction
/ moldm–3 min–1

[Br2(aq)]
/ moldm–3

[CH3COCH3(aq)]
/ moldm–3

6.80 × 10–5

1.36 × 10–4

1.36 × 10–4
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Rate of reaction
/ moldm–3 min–1

[Br2(aq)]
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[CH3COCH3(aq)]
/ moldm–3

1.36 × 10–3

1.36 × 10–4

1.36 × 10–5
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pH

Determine the orders of reaction with respect to Br2(aq) and with respect to
CH3COCH3(aq). [2]

(iv) A separate experiment was carried out to determine the effect of pH on the rate of
reaction.

I State how the rate of reaction varies with change in pH. [1]

II Using the table, show that the reaction is first order with respect to H+ ions. [1]

III State the role of H+ ions in the reaction. [1]

IV Write the full rate equation for the reaction, giving the units for the rate
constant. [2]

(QWC) [1]
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3. Read the passage below and then answer questions (a) to (c) in the spaces provided.

The oxides of nitrogen

 2
2

2O

2O3

2

2O4

2O5

3

 Dinitrogen monoxide, N2O
 

 Nitrogen dioxide, NO2
 

2O4 2.

2NO2 [  N2O4

3NO2 2O(l)              2HNO3

2
x when air quality measurements 
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 Dinitrogen pentoxide, N2O5
 

2O5

2N2O5 2 2

3
2

– End of passage –
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 2O5
 line 38.

 (a) two

  1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

  2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 

 (b) 2O5 were measured and 

(1095-01)

2O5 / mol dm–3 Initial rate / mol dm–3 s–1

4.00 × 10 –3 3.00 × 10 –5

6.00 × 10 –3 4.50 × 10 –5

–3 6.00 × 10 –5

  

Rate = k[N2O5]
1

 

 

 

to three

 

 

 

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

 Total [15]
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SECTION A

Answer all questions in the spaces provided.

1.  O

 (a) 

O

0

  1 dm3

 

 

 (b)

O 4

3
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 (d) 

O – –
4

–

Initial rate
/ mol dm–3s–1 O – / mol dm–3 – / mol dm–3

1 –

–5

 

 

 

k

 

 

 

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

O – –
4

–
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Total [14]
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2. Nitrogen forms a variety of oxides including dinitrogen pentoxide, N2O5, which can  
decompose as shown in the equation.

 2N2O5(g)                       4NO2(g)    +    O2(g)

 The rate at which this decomposition occurs can be followed by measuring the change in 
concentration of N2O5. A graph of the results of this decomposition is shown below.
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 (a) (i) Use the graph to determine the rate of reaction, in mol dm– 3 min– 1, after 
40 minutes. Show clearly on the graph, how you determined your answer. [2]

 Rate after 40 minutes = ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  mol dm–3 min–1 

 (ii) Explain why the rate of reaction is lower at t = 60 minutes than it was at  
t = 40 minutes. [1]

 

 

 

 (b) (i) Use the graph to show that the reaction is first order with respect to N2O5.
   Explain how you reached your conclusion. [2]

 

 

 

  (ii) Write the rate equation for the reaction. [1]

 

  (iii) Find the value of k in the rate equation and state its units. [2]

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

 Units = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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  (iv) Two students suggested possible mechanisms for the decomposition of N2O5.

 2N2O5(g)                       4NO2(g)    +    O2(g)

 State, with a reason, which student’s suggested mechanism is more likely to be correct. [1]

 

 

 

 (c) The progress of the reaction could have been followed by monitoring changes in pressure. 
On the axes below sketch the results expected if the initial pressure of the N2O5 was  
100 kPa and the reaction reached completion. [2]
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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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 (iii) State how the value of k will alter, if at all, if the concentration of NH4

+ ions is 
increased. [1]

 

 (iv) State, giving a reason, how the value of k will alter, if at all, if the temperature is 
increased. [2]

 

 

 

 Total [10]
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