13.1 New Extra Questions


EXTRA KINETICS EXAM QUESTIONS

1.
Iodine and propanone react in acid solution according to the equation

I2   +   CH3COCH3   (   CH3COCH2I   +   HI


The rate equation for the reaction is found to be

rate = k [CH3COCH3][H+]

(a)
Deduce the order of reaction with respect to iodine and the overall order of reaction.

Order with respect to iodine ...................................................................................

Overall order .........................................................................................................

(2)

(b)
At the start of the experiment, the rate of reaction was found to be
2.00 × 10–5 mol dm–3 s–1 when the concentrations of the reactants were as shown below.

	Reactant
	Concentration / mol dm–3

	CH3COCH3
	1.50

	I2
	2.00 × 10–2

	H+
	3.00 × 10–2



Use these data to calculate a value for the rate constant and deduce its units.

Rate constant .........................................................................................................

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

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

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

(3)

(c)
How can you tell that H+ acts as a catalyst in this reaction?

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

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

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

(2)

 (Total 7 marks)

2.
The different methods of manufacturing sulphuric acid are essentially the same in principle and consist of three processes.  These are the production of SO2, the oxidation of SO2 to SO3 and the conversion of SO3 into sulphuric acid.  The equation below shows the second stage in the Contact Process, under the conditions of 450°C and a pressure slightly above atmospheric.

2SO2 + O2 [image: image1.wmf] 2SO3
(a)
Give the name of the catalyst used in the Contact Process.

(1)

(b)
The reaction between SO2 and O2 is exothermic.

(i)
Write an expression for the rate of the forward reaction in terms of the concentrations of the reactants. (You may assume the reaction to be second order with respect to SO2 and first order with respect to O2.)

(1)

(ii)
State and explain the effect of increased pressure on the rate constant.

(2)

 (Total 4 marks)

3.
The reaction between hydrogen and iodine can be represented by the following equation:


H2(g)  +  I2(g)  [image: image2.wmf]  2HI(g)
H = +52 kJ mol–1

Kinetic data are available for both forward and reverse reactions. A series of experiments to investigate the kinetics of the forward reaction was carried out at a constant temperature. The results are shown in Figure 1.

	Experiment
	Initial concentration of H2 / mol dm–3
	Initial concentration of I2 / mol dm–3
	Initial rate
/ mol dm–3 s–1

	1
	2.0 × 10–3
	3.0 × 10–3
	l.2 × 10–6

	2
	6.0 × 10–3
	3.0 × 10–3
	3.6 × 10–6

	3
	6.0 × 10–3
	6.0 × 10–3
	7.2 × 10–6



Figure 1

(a)
Explain the meaning of each of the following terms:

(i)
rate of reaction;

(1)

(ii)
rate constant;

(1)

(iii)
overall order of reaction.

(2)

(b)
(i)
Use the results in Figure 1 to work out the order of the forward reaction with respect to both hydrogen and iodine, explaining your reasoning.

(4)

(ii)
Write the rate equation for the reaction between hydrogen and iodine.

(1)

(iii)
Calculate the value of the rate constant for the forward reaction and give its units.

(3)

(c)
The experiment was repeated with the following initial concentrations for reactants:

[H2] = 4.0 × 10–3 mol dm–3
[I2] = 5.0 × 10–3 mol dm–3

Calculate the initial rate of the reaction.

(1)

(d)
Explain why the rate of the reaction between hydrogen and iodine increases when the concentration of hydrogen is increased.

(1)

 (Total 14 marks)

4.
(a)
Explain the term activation energy.

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

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

(1)

(b)
New cars in the United Kingdom have to be fitted with a catalytic converter. One of the reactions catalysed is the exothermic oxidation of carbon monoxide to carbon dioxide using oxygen in the air.

(i)
Write an equation for the reaction between carbon monoxide and oxygen.

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

(1)

(ii)
Draw a sketch of the reaction profile for the reaction, both with and without the catalyst. Indicate and label all energy changes involved.

[image: image3.wmf]E


(4)

(iii)
Draw a curve to represent the distribution of molecular energies for a gas at a fixed temperature.  With the aid of this, explain why a catalyst speeds up the rate of reaction.

[image: image4.wmf]n
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...........................................................................................................................

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

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

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

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

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

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

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

(5)

(c)
The catalyst in the converter is often in the form of a honeycomb of a platinum-rhodium alloy.

(i)
State why the reaction inside a catalytic converter is described as heterogeneous catalysis.

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

(ii)
Suggest why the catalyst is used in the form of a honeycomb.

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

(2)

(Total 13 marks)

5.
Esters such as CH3COOCH3 can be hydrolysed by heating with dilute hydrochloric acid to form an alcohol and a carboxylic acid.

(a)
(i)
Suggest the role of hydrochloric acid in this hydrolysis.

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

(1)

(b)
The rate equation for the hydrolysis of this ester is

rate = k[CH3COOCH3][H+]


When the initial concentration of the ester is 0.50 M and that of hydrochloric acid is 1.0 M, the initial rate of the reaction is 2.4 × 10–3 mol dm–3 s–1 at 320 K.

(i)
Calculate the value of the rate constant at this temperature and give its units.

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

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

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

(ii)
Calculate the initial rate of the reaction if the concentration of hydrochloric acid is increased to 1.5 M but all other conditions remain unchanged.

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

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

(iii)
Calculate the initial rate of the reaction at 320 K if more solvent is added to the original mixture so that the total volume is doubled.

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

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

(5)

 (Total 6 marks)

6.
(a)
The following table shows the results of three experiments to investigate the rate 

of the reaction between  compounds J and K.  All three experiments were carried out at the same temperature.

	
	Experiment 1
	Experiment 2
	Experiment 3

	Initial concentration of J/mol dm–3
	0.50 × 10–3
	1.00 × 10–3
	1.50 × 10–3

	Initial concentration of K/mol dm–3
	1.00 × 10–3
	1.00 × 10–3
	1.50 × 10–3

	Initial rate/mol dm–3 s–1
	0.15 × 10–3
	0.60 × 10–3
	1.35 × 10–3


Use the data in the table to deduce the order of reaction with respect to J and the order of reaction with respect to K.   Hence write the overall rate equation for the reaction

Order of reaction with respect to J ………………………………………………

Order of reaction with respect to K ……………………………………………

Overall rate equation …………………………………………………………….

(3)

(b)
In a reaction between compounds L and M, the order of reaction with respect to L is two and the order of reaction with respect to M is one.  Given the initial rate of reaction is 4.00 x 10-4 moldm-3s-1 when the initial concentration of L is 2.00 x 10 –2 moldm-3s-1 and the initial concentration of M is 5.00 x 10-2 moldm-3s-1, calculate the value of the rate constant for this reaction at this temperature and deduce its units.

Calculation……………………………………………………………………….. ………………………………………………………………………………………………………………………………………………………………………..
Units of rate constant …………………………………………………………….

(3)

(c) The rate equation for the decomposition of a compound N has a rate constant with the unit s-1.  the rate constant is 4.31 x 10-3 s-1 at 700 K and 1.78 x 104 s-1 at a temperature T.  Use this information to deduce the overall order of reaction and whether temperature T is greater or smaller than 700 K

Overall order …………………………………………………………………….. ………………………………………………………………………………………………………………………………………………………………………….

Change in temperature……………………………………………………………

(3)

TOTAL 9 marks

7.

The initial rate of the reaction between substances A and B was measured in a 

series of experiments and the following rate equation was deduced.




rate = k[A][B]

	Expt
	Initial
[A]/mol dm–3
	Initial
[B]/mol dm–3
	Initial
rate/mol dm–3 s–1

	1
	0.30
	0.30
	1.5 × 10–2

	2
	
	0.60
	6.0 × 10–2

	3
	0.45
	
	9.0 × 10–2

	4
	0.90
	0.60
	


(i) Complete the table of data above

(ii) Using the data from experiment 1, calculate a value for the rate constant, k and state its units

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

TOTAL 6 marks
8.
(a)
The table below gives data obtained for the reaction between methyl ethanoate, 

CH3COOCH3 , and aqueous sodium hydroxide, NaOH

	
Experiment
	Initial concentration of CH3COOCH3/mol dm–3
	Initial concentration of NaOH/mol dm–3
	Initial rate/
mol dm–3 s–1

	1
	1.5 × 10–2
	2.0 × 10–2
	6.0 × 10–5

	2
	3.0 × 10–2
	2.0 × 10–2
	1.2 × 10–4

	3
	6.0 × 10–2
	1.0 × 10–2
	1.2 × 10–4

	4
	4.5 × 10–2
	6.0 × 10–2
	


(i) Use suitable data from the table above to show that the reaction between methyl ethanoate and sodium hydroxide is

First order with respect to methyl ethanoate ……………………………. ………………………………………………………………………………………………………………………………………………………….

First order with respect to sodium hydroxide …………………………. ………………………………………………………………………………………………………………………………………………………….


(2)
(ii) Write a rate expression for the reaction 

…………………………………………………………………………….

(1)

(iii) Calculate a value for the rate constant.  Include units in your answer.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(3)

(iv) Deduce the value of the initial rate of reaction in experiment 4

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(2)

TOTAL 8 marks
9.
(a)
Explain the meaning of the term “order of reaction”.

(2)

(b)
The iodate(V) ion is an oxidising agent which reacts with sulphite ions in acidic solution to produce iodine. The overall reaction can be represented by the following equation.

2IO[image: image5.wmf]–

3

(aq) + 5SO[image: image6.wmf]–

2

3

(aq) + 2H+(aq) ( I2(aq) + 5SO[image: image7.wmf]–

2

4

(aq) + H2O(l)


A student investigated the effect of changing the concentration of sulphuric acid on the initial rate of this reaction by timing how long it took for a fixed amount of iodine to be formed, as shown by the formation of a blue colour with starch solution. The student recorded the following results.

	Volume of sulphuric acid/cm3
	25
	35
	45
	55
	70
	85

	Volume of water/cm3
	60
	50
	40
	30
	15
	0

	Volume of KIO3(aq)/cm3
	15
	15
	15
	15
	15
	15

	Volume of Na2SO3(aq)/cm3
	15
	15
	15
	15
	15
	15

	Volume of starch (aq)/cm3
	1
	1
	1
	1
	1
	1

	Time to form a blue colour/s
	50.1
	36.3
	28.2
	22.9
	17.8
	14.8



Under these conditions, at a constant temperature, the only variable factor affecting the rate is the concentration of sulphuric acid and the rate equation can be written as


Initial rate = k’ [H+]n
where k is an apparent rate constant.

(i)
Explain why writing the rate equation in this way is valid.

(ii)
Plot a graph of log10[image: image8.wmf]÷

ø

ö

ç

è

æ

time

1

 against log10(volume of sulphuric acid).

(iii)
Explain why it is possible to use the inverse of the time as a measure of the initial rate and why it is possible to use the volume of sulphuric acid as a measure of the concentration of acid.

(iv)
Use your graph to calculate the order, n, of the reaction, with respect to acid.

(v)
State the units of k’.

(13)
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