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As well as completing your set homework task you should also work on the Independent Study tasks on the next page.

A–level Chemistry Independent Study (second year) 

As with last year you are responsible for your own learning and going beyond the restraints of the syllabus. 

It is important that you know how Chemistry is relevant to contemporary issues and how it influences the world around us.

The topics we would like you to focus on this year are;

Supramolecular chemistry.
The importance of Organic Synthesis in the Pharmaceutical industry.

The importance of understanding reaction mechanisms in drug synthesis.

The use of Combinatorial chemistry in drug research.

Chemical Analysis using Gas Chromatography (GC).

Chemical Analysis using Nuclear Magnetic Resonance (NMR) Spectroscopy.

We would like you to continue your notebook to record your independent study.

In it you should record;

· Explanatory notes regarding each of the above topics.

· Any articles in the news or in journals such as; New Scientist, Scientific American and Chemistry Review, that relate to the above topics.

· A list of useful websites you have found and use.

The A2 Chemistry pages on the RGS infonet contain context studies written by the exam board for each topic. They are an ideal place to start your independent study.

You will continue to be graded on Independent study throughout the year and your notebook will be assessed by your teacher. 

We will be looking for evidence of interest, knowledge and reading around these areas of Chemistry.

Kinetics 1 – Rate Equations
Edexcel Chemistry for A2







Total  / 36
1. 
For the reaction 2CO(g)  +  O2(g)  (  2CO2(g)

  a) write the rate equation, using m and n for the orders with respect to CO and O2;

  b) explain what is meant by the term order of reaction;

  c) explain what is meant by the rate constant, and indicate over what conditions it is constant.
[4]

2.
In an experiment to determine the rate of the reaction between persulphate ions and iodide ions in aqueous solution     S2O[image: image1.wmf]–

2

8

+ 2I–  2SO[image: image2.wmf]–

2

4

+ I2            the following data were obtained:
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     i) Deduce the order of reaction with respect to each of the reagents and hence write the rate equation for the reaction.










            [3]

    ii) Calculate the rate constant including units.







[2]

   iii) Explain why the rate equation cannot be written directly from the stoichiometric equation for the reaction.











[1]

3.
The kinetics of reactions can be followed in various ways.  The techniques usually involve either sampling the reaction mixture at various times together with a means of slowing or stopping the reaction in the sample, or making use of some physical method for following the reaction continuously. The iodination of propanone occurs in aqueous solution, and is catalysed by acid:

CH3COCH3(aq)  +  I2  [image: image4.wmf]¾

¾

¾

¾

®

¾

+

(aq)

H

 CH3COCH2I(aq)  +  HI(aq)


The rate is followed by finding the iodine concentration at various times.

a) i)  What continuous method would you use to determine the iodine concentration?


[1]

   ii)  If you withdrew samples at various times and stopped the reaction with a suitable reagent, how might you then determine the iodine concentration?






[2]

  iii) Suggest a reason why the continuous method might be preferable to a sampling method.

[1]

b)    The variation of iodine concentration with time in such an experiment is shown below.

[image: image5.wmf]iodine concentration/mol dm

time

–3


        What does this tell you about   i)  the rate of reaction over a period of time:

                                                          ii) the order of reaction with respect to iodine:


[2]

4.   The kinetics of the hydrolysis of the halogenoalkane RCH2Cl with aqueous sodium hydroxide (where R is an alkyl group) was studied at 50 ºC.  The following results were obtained:

	Experiment
	[RCH2Cl]
	[OH–]
	Initial rate/mol dm–3 s–1

	1
	0.050
	0.10
	4.0 × 10–4

	2
	0.15
	0.10
	1.2 × 10–3

	3
	0.10
	0.20
	1.6 × 10–3


       i) Deduce the order of reaction with respect to the halogenoalkane, RCH2Cl, and with respect to the hydroxide ion, OH–, giving reasons for your answers.





[4]

      ii) Hence write the rate equation for the reaction.






[1]

     iii) Calculate the value of the rate constant with its units for this reaction at 50 ºC.


[2]
5.  For the reaction A  +  B   —>   C  +  D the table shows the initial rates for different initial concentrations.  Giving your reasons, find the order of reaction with respect to A and to B, and hence derive the rate equation. Calculate the rate constant (including units).

	[A] /mol dm-3
	1.0
	2.0
	4.0

	[B] /mol dm-3
	1.0
	1.0
	2.0

	Initial rate / 10-3 mol dm-3 s-1
	2.0
	4.0
	8.0
















[6]

6.
  For the following reaction   A(g) + B(g) ( C(g) + D(g)   the rate equation is:   rate  =  k [A]2 [B]

 a)
 By what factor does the rate increase/decrease if the partial pressures of both A and B are 



doubled?


 b)
 By what factor does the rate increase or decrease if the partial pressures of A doubles but B is kept constant?

c)
 By what factor does the rate increase or decrease if the volume of the reacting vessel is doubled?









 


[3]
7.

In a reaction, substance P reacts with substance Q.  



If the concentrations of both P and Q are doubled, the rate is four times faster.  



If the concentration of P is halved and Q is doubled, the rate is four times slower.


a)
What is the overall order of this reaction?


b)
What is the order with respect to the concentration of P?

c)
What is the order with respect to the concentration of Q?


d)
Write the rate equation for this reaction.






[4]
Kinetics 2 – Rate Equations and Mechanisms
CD end of topic notes.
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1. For the above reaction, two sets of experiments were carried out under different conditions. The first, 1-3, had no catalyst; the second, 4-6, had a catalyst. Data obtained:


expt.
[CO]/mmol dm–3
[O2]/ mmol dm–3
rate/10–5 mmol dm–3s–1

   1

       1.4
     

2.3

 
2.0


   2

       2.8


2.3


8.0


   3

       4.2


4.6


18.0


   4

       2.0


4.0


16.0


   5

       2.0


6.0


24.0


   6

       4.0


8.0


32.0


a) Determine the orders of reaction in each set, separately, making your reasoning clear. [3]

b) Determine the rate constant in each case, making working and units of k clear.
    [3]


c) Suggest how the course of the reaction might be followed using a physical measurement, 


    and sketch a graph of the change you would observe over time.


    [2]


d) The amount of carbon dioxide can be determined by a back titration method, using the fact 


    that it reacts with barium hydroxide solution to form a precipitate of barium carbonate. 


    The precipitate is then removed, and the amount of barium hydroxide remaining is found. 


i) Write an equation for the reaction.


ii) Write an equation for the reaction of barium hydroxide with hydrochloric acid.


iii) The vessel containing CO2 is cooled rapidly and broken open under excess Ba(OH)2. 



Explain why the vessel is cooled rapidly before being broken under excess Ba(OH)2. [2]


iv)
Outline briefly how the back titration method works, making it clear which substances you 



need to measure, which you need to know the concentration of, and apparatus used for 



the measurements.








     [6]

2. When hydrogen peroxide reacts with iodide ions in aqueous acid, iodine is liberated.

H2O2(aq)  +  2 H+(aq)  +  2 I–(aq)   (  2 H2 O(l)  +  I2(aq)



The following table gives some experimental results for the reaction.

	Expt
	Initial concentration (mol dm-3)
	Initial rate
(mol dm-3 s-1)

	
	[H2O2]
	[I–]
	[H+]
	

	1
	0.010
	0.010
	0.10
	1.75 x 10-6

	2
	0.020
	0.010
	0.10
	3.50 x 10-6

	3
	0.030
	0.010
	0.10
	5.25 x 10-6

	4
	0.030
	0.020
	0.10
	1.05 x 10-5

	5
	0.030
	0.020
	0.20
	1.05 x 10-5


a)
  Use the results to find the reaction order with respect to the concentration of H2O2(aq).
(1)

b)  Use the results to find the reaction order with respect to the concentration of I–(aq).
(1)

c)
  Use the results to find the reaction order with respect to the concentration of H+(aq).
(1)

d)
  What is the overall order of the reaction?
(1)

 e)
  Write the rate equation for the reaction and calculate the value of the rate constant including its units.
(3)
      g)   A proposed mechanism for this reaction is shown below.  


     Is this mechanism consistent with the rate equation?  Explain your reasoning.




H2O2  + I–  (  H2O  +  IO–
                (slow)




H+  +  IO–   (  HIO
            (fast)




HIO  +  H+  +  I–   (  I2  +  H2O          (fast)




      [3]
3.
In an experiment designed to find the mechanism of the reaction between a halogenoalkane, RX, and hydroxide ions, the following data were obtained at constant temperature.
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i)  
Deduce the order with respect to RX and OH– and write the rate equation for the reaction.
ii)
Calculate a value for the rate constant for the reaction (include any units).

[4]
4.    This question is about the reaction between bromomethane and aqueous hydroxide ions

CH3Br + OH– ( CH3OH + Br –.

At constant temperature the concentration of bromomethane varies according to the data below.
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 i)
  Plot a graph to show that the reaction is first order with respect to bromomethane.
[4]

  ii)
If the concentration of the hydroxide ion doubles, all other factors remaining constant, the 
rate of the reaction doubles.  What is the order of reaction with respect to the hydroxide ion?











[1]
iii)    Write a rate equation for this reaction.






[1]
iv)
Based on the kinetic information obtained above write the mechanism for the reaction between CH3Br and aqueous OH- ions.








[3]
Kinetics 3 – Activation Energy

Edexcel Chemistry for AS – pg 186-188 + CD end of topic notes.
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1. With the aid of sketch graphs (Maxwell-Boltzmann distribution curves), explain:


(a) what is meant by activation energy





[3]

(b) why raising the temperature increases the rate




[2]

(c) why a catalyst increases rates. 






[2]
     You will need to consider the Boltzmann distribution, and a H diagram.
2. Look at the following reaction steps:
Ce4+ + Mn2+ ((( Ce3+ + Mn3+






Ce4+ + Mn3+ ((( Ce3+ + Mn4+






Mn4+ + Tl+ ((( Mn2+ + Tl3+

(a) Write an overall balanced equation for this reaction and hence identify the catalyst.


(b) Explain why the mode of catalysis here is homogeneous.


(c) Why would an ion of a metal in Group 2 not be able to catalyse this reaction?
[6]

3. Manganese (IV) oxide catalyses the thermal decomposition of potassium chlorate (V), KClO3, as well as the decomposition of hydrogen peroxide, H2O2. The enzyme catalase only decomposes hydrogen peroxide.


(a)   Give the formula of manganese (IV) oxide and suggest how it works as a catalyst.

(b)  The KClO3 decomposes into potassium chloride and oxygen gas. 

        Write a balanced equation, with state symbols.

(c)
Suggest why an inorganic catalyst such as manganese (IV) oxide is about a million times less efficient than the enzyme catalase at decomposing hydrogen peroxide. You should include why catalase is so specific.





[7]

4. Give details of an important non-biological chemical reaction which is catalysed 

     heterogeneously. Include a schematic to illustrate how the catalysis works.

[4]

5.

The Arrhenius equation is:
k = Ae-E/RT





Where
k = rate constant





A = Arrhenius constant





E = activation energy





R = universal gas constant (8.31 J mol-1 K-1)





T = temperature


This equation can be rearranged to      ln k  =  ln A  -  E 



                                                                                RT


Therefore a graph of ln k versus 1/T should be a straight line with the gradient –E/R.

Use the data below to find the activation energy for the following reaction:   2 HI(g)   (  H2(g)  +  I2(g) 


(6)
	Temperature (K)
	556
	647
	700
	781

	Rate constant (mol-1 dm3 s-1)
	3.52 x 10-7
	8.58 x 10-5
	1.16 x 10-3
	0.0396


Will it Go?
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1  a)  Describe and explain how enthalpy H values can be used to determine if a reaction is 

feasible?









[2]
    b)  Describe and explain how entropy S values can be used to determine if a reaction is 

feasible?









[3]
    c)  What other factors determine if a reaction is feasible?




[1]
2)
When 1 mole of rubidium chloride is dissolved in water at 298 K to form a solution of concentration 1 mol dm-3, the enthalpy change is + 19 kJ mol-1.

    a)     Explain why dissolving RbCl is an endothermic process.



[3]

    b i) 
Calculate the entropy change in the surroundings when this process takes place.

RbCl(s)   +   aq   (  Rb+(aq)   +   Cl-(aq) 

H = + 19 kJ mol-1

[2]

      ii) 
Calculate the entropy change in the system for this process using the following data:

Sø (RbCl(s))   =  +  J mol-1K-1


Sø (Rb+(aq))   =  +  J mol-1K-1

Sø (Cl-(aq))      =  +  J mol-1K-1






[2]

iii) 
Use the results to explain why rubidium chloride dissolves readily in water in spite of this 

being an endothermic process. 






[2]

3)
1.00 mole of hydrogen iodide was heated in a container of volume 20.0 dm3 at a temperature of 765K. At equilibrium, the mixture was found to contain 0.114 mole of iodine.

2HI(g) 
 EMBED Word.Picture.8  

 H2(g) + I2(g)
   a) 
Calculate Kc at 765K.








[3]
   b)  
Calculate Stotal for the reaction at 765K. 

(Remember Stotal = R lnKc. (R = 8.21 J K-1 mol-1)




[2]
   c)  
Comment of the feasibility of the reaction at 765K. 




[2]
   d)  
Calculate H reaction using average bond enthalpies.



[2]
   e)
Explain, in terms of entropy, how the temperature can be changed to make the 
forward reaction more feasible.   






[2]
4 a)
Explain how the activation energy can be found for the reaction in Qu 3.



(Include a brief experimental method)





[4]

   b)
The following data was obtained for the rate constant for the reaction in Qu 3.

	Temperature (K)
	290
	310
	330
	350

	Rate constant (mol-1 dm3 s-1)
	1.01 x 10-3
	5.04 x 10-3
	20.7 x 10-3
	72.2 x 10-3




Find the activation energy for the reaction, by plotting a suitable graph.

[4]

   c)

Comment on the value of the activation energy you obtain, with regards to how it effects 



the feasibility of the forward reaction.





[2]
5  a)    
Explain the meaning of kinetic and thermodynamic stability.


[4]

    b)

In the stratosphere ozone is kinetically stable with respect to oxygen. 



Oxygen is thermodynamically stable with respect to ozone. 



Draw a labelled enthalpy profile diagram to illustrate this.



[2]

    c)

What is necessary to convert ozone into oxygen in the stratosphere?

[1]

Industrial Chemistry











                       Total    47
1.
The reaction between nitrogen and hydrogen can be used to produce ammonia.


N2(g) + 3H2(g) [image: image8.wmf] 2NH3(g)
ΔHο = – 92.2 kJ mol-1
Standard entropies are;  Sο  [N2(g)] = +191.6,   Sο  [H2(g)] = +130.6,    Sο  [NH3(g)]  = +192.3 J mol-1 K-1
a) Calculate the entropy change of the system, ΔSοsystem, for this reaction. 
     Include a sign and units.






         
  
         (2)

b)  Calculate the entropy change of the surroundings, ΔSοsurroundings, at 298 K. 
     Include a sign and units in your answer.






         (2)

c)  i) Calculate the total entropy change, ΔSοtotal, at 298 K. Include a sign and units.
         (1)

    ii) Is this reaction feasible at 298 K? Justify your answer.




         (1)

d)  In industry the reaction is carried out at about 700 K using an iron catalyst and high pressures.

     i) The yield of ammonia produced at equilibrium is less at 700 K than at 298 K, if the pressure remains constant. In terms of entropy, explain why this happens.



         (1)

    ii) Higher pressures increase the yield of ammonia at equilibrium. Suggest a reason why pressures greater than 300 atmospheres are not routinely used.



         (1)

    iii)  Iron is a heterogeneous catalyst. Explain what is meant by heterogeneous.
         (1)
   iv)  Explain how the presence of the iron catalyst aids the reaction.


         (2)
2. In the first stage of an industrial process for purifying nickel, carbon monoxide is passed over impure nickel at 323 K. Gaseous nickel tetracarbonyl, Ni(CO)4, is formed.

                           Ni(s) + 4CO(g) [image: image9.wmf] Ni(CO)4(g)
∆Hο = –191 kJ mol–1
a) i)  Calculate ∆Sοsystem for this reaction given the following standard entropy values.

	Substance
	Sο       /J mol–1 K–1

	Ni(s)
	+29.9

	CO(g)
	+197.6

	Ni(CO)4(g)
	+313.4


         Include a sign and units in your answer.




                    (2)

    ii)  Refer to the equation above and comment on the sign of your answer.

        (1)

   iii)  Calculate ∆Sοsurroundings at 323 K. Include a sign and units in your answer.                 (2)

   iv)  Deduce the direction of this reaction at 323 K. Justify your answer.


        (1)

b) i)   Write the expression for the equilibrium constant, Kp, for this reaction.

        (1)

    ii)   100 moles of gaseous carbon monoxide is mixed with excess solid nickel at 323 K in a vessel kept at 1.00 atmosphere pressure. 
At equilibrium, 1.00 mole of the carbon monoxide has reacted.

Complete the table below and then calculate the value of Kp at this temperature. 
Include the units of Kp in your answer.






        (4)
	Substance
	Moles at start
	Moles at
equilibrium
	Partial pressure, peq
/atm

	Ni(CO)4
	0
	
	

	CO
	100
	99.0
	


    iii)  As Kp has such a small value, suggest THREE ways in which this industrial process could be improved to increase profitability. Justify each of your suggestions.


        (3)

c)  The second stage of this process is to recover the nickel from the nickel tetracarbonyl, Ni(CO)4. By considering your calculations of the entropy changes, suggest how this could be done. Justify your suggestion. 







        (2)

3.  One step in the manufacture of nitric acid is the reaction between nitrogen(II) oxide and oxygen to form nitrogen(IV) oxide.

                               2NO(g) + O2(g) [image: image10.wmf] 2NO2(g)
ΔH = –114 kJ mol–1
a) i)  Use the equation to suggest the sign of ΔSsystem for the forward reaction. 
       Justify your answer.








         (2)

    ii) What is the sign of ΔSsurroundings for the forward reaction? Justify your answer.              (2)

b) i)  Write the expression for Kp for this reaction.
        What are the units of Kp in this reaction?





         (2)

   ii)  Suggest how the temperature and pressure could be altered to make nitrogen(IV) oxide more economically. Justify your suggestions by considering both yield and rate.                        (4)

 c) i) What property would allow you to follow the progress of this reaction? 
       Justify your answer.    








         (2)

    ii)  In a series of experiments, the following results were obtained.

	Experiment
	[NO(g)]
/mol dm–3
	[O2(g)]
/mol dm–3
	Initial rate
/mol dm–3 s–1

	1
	1.0 × 10–3
	1.0 × 10–3
	8.0 × 10–6

	2
	2.0 × 10–3
	1.0 × 10–3
	3.2 × 10–5

	3
	2.0 × 10–3
	2.0 × 10–3
	6.4 × 10–5


        What is the order of the reaction with respect to NO(g)? 
        Justify your answer.








        (2)

        What is the order of the reaction with respect to O2(g)? 



        (1)

     iii)  What is the rate equation for this reaction?





        (1)

     iv)  What is the overall order for this reaction?





        (1)

      v)  Calculate the rate constant, k, for this reaction. Include units with your answer.              (2)

d)  Suggest why this reaction takes place quickly at room temperature and pressure.               (1)

Acid Base Equilibria

A2 Chemistry Chapter 4 pg 76-86
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1.
Identify and label the two conjugate acid/base pairs in the following reactions:

a)

H2O   +   HCl    
 EMBED Word.Picture.8  

     H3O+   +   Cl-
b)
     HSO3-   +   H2O   
 EMBED Word.Picture.8  

       H3O+   +   SO3-





[2]

2 a i)
Define pH.

     ii)  Define Kw, the ionic product of water.






[2]

   b)   Calculate the pH of the following solutions.
         (The ionic product of water, Kw, may be taken as 1.00 × 10–14 mol2 dm–6.)

      i)  A solution of sulphuric acid having a concentration of 0.100 mol dm–3.

      ii)  A solution of sodium hydroxide having a concentration of 0.0500 mol dm–3.

[3]

3.
What is the pH of solutions with the flowing [H+] in mol dm-3?

a)
10-4

b)
3.2 x 10-6
c)
0.25





[3]

4.
What is the [H+] in mol dm-3 of solutions with the flowing pH values?

a)
6

b)
13.1

c)
12.8





[3]

5.
What is the pH of stong bases with the following [OH-] in mol dm-3?


a)
10-5

b)
9.9 x 10-2
c)
0.035





[3]

6.
Calculate the Ka values of the following weak acids:

a)
pH = 3.4

[HA] = 0.010 mol dm-3
b)
pH = 4.03

[HA] = 0.17 mol dm-3
c)
pH = 4.00

[HA] = 0.30 mol dm-3
d)
pH = 5.7

[HA] = 0.885 mol dm-3





[4]

7.
What is the pH of the following weak acids:

a)
Ka = 3.7 x 10-8 mol dm-3

[HA] = 0.01 mol dm-3
b)
Ka = 5.6 x 10-8 mol dm-3

[HA] = 0.02 mol dm-3
c)
Ka = 1.74 x 10-8 mol dm-3

[HA] = 0.10 mol dm-3
d)
Ka = 5.62 x 10-8 mol dm-3

[HA] = 0.37 mol dm-3




[4]

8.
Phosphoric(V) acid, H3PO4 , is a tribasic acid.

a)
Write the formulae of all the potassium salts of this acid.



[2]

b)
25.0 cm3 of a solution of phosphoric(V) acid of concentration 0.0590 mol dm–3 required 28.1 cm3 of  0.105 mol dm–3 sodium hydroxide for reaction in a titration, using phenolphthalein indicator.
i)
Calculate the number of moles of phosphoric(V) acid in 25.0 cm3.


[1]

ii)
Calculate the number of moles of sodium hydroxide in 28.1 cm3. 


[1]

iii)
Write a balanced equation for the reaction of phosphoric(V) acid with sodium hydroxide 

under these conditions. 








[2]
pH Calculations

A2 Chemistry Chapter 4 pg 76-86
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1.
Calculate the pH of solutions of nitric acid with the following concentrations

a)
10-8 mol dm-3

b)
3.2 x 10-5 mol dm-3
c)
0.035 mol dm-3








[3]

2.
Calculate the pH of solutions of sodium hydroxide with the following concentrations

a)
3 x 10-3 mol dm-3

b)
3.6 x 10-8 mol dm-3
c)
0.45 mol dm-3








[6]

3.
Calculate the concentration of H3O+ ions in solutions with the following pHs

a)
4.30

b)
13.70

c)
2.63









[3]

4.
Calculate the pH of solutions made up by dissolving the following in distilled water and making up to 500 cm3 of solution.

a)
3.00g of hydrogen chloride. (Strong acid)
b)
4.50g of chloric(VII) acid (HClO3).  (Ka = 3.72 x 10-8 mol dm-3)
c)
6.30g of potassium hydroxide. (Strong base)




[6]

5.
Calculate the pH of the following solutions of weak acids

a)
2.00 mol dm-3 chloric(I) acid
(Ka = 3.72 x 10-8 mol dm-3)

b)
0.003 mol dm-3 methanoic acid
(Ka = 1.78 x 10-4 mol dm-3)

c)
0.15 mol dm-3 benzoic acid
(Ka = 6.31 x 10-5 mol dm-3)
[6]

6.    State two assumptions that have been made in your calculations in Qu 5).

[2]

7.
Calculate the acid dissociation constants, Ka for the following weak acids given the information below

a)
a solution of 0.010 mol dm-3 ethanoic acid has a pH of 3.38

b)
a solution of 0.20 mol dm-3 HCN has a pH of 5.05

c)
a solution of 0.50 mol dm-3 chloroethanoic acid has a pH of 3.16

[6]

8. (i)
Give an equation for the dissociation of propanoic acid and hence an expression for its
dissociation constant, Ka.







[3]


(ii)
At 25C Ka for propanoic acid is 1.30 × 10-5 mol dm-3.  Find the pH of a solution of propanoic acid of concentration 0.0100 mol dm-3.  State any assumptions you make.












[4]


(iii) Increasing the temperature of the propanoic acid solution causes the pH to decrease.  

What does this tell you about the enthalpy of dissociation? Justify your answer.

[3]

Ka and pKa
A2 Chemistry Chapter 4 pg 87-101






Total   / 60
1.
Sodium hydroxide was added to 25 cm3 of aqueous ethanoic acid of concentration 0.1M and the pH was measured at intervals:

	Vol added /ml
	0
	4.0
	8.0
	12.0
	16.0
	18.0
	20.0
	22.0
	22.5
	23.0
	23.5
	24.0
	28.0

	pH
	2.8
	3.5
	4.0
	4.5
	5.1
	5.5
	5.8
	7.0
	9.0
	10.5
	11.0
	11.4
	12.3


(a)
Plot a graph of pH against volume of NaOH added.
[4]

(b)
Use your plot to determine:
(i)  the concentration of the original NaOH solution.



(ii) the pH at the equivalence point.
[2]

(c)
Explain why the graph is rather flat during the addition of the alkali before neutralisation.[3]

(d)
Explain how the pKa of ethanoic acid can be deduced from your graph.

      [1]

(e)
Use your value of pKa to calculate Ka for ethanoic acid.


     
      [2]

(e)
Suggest a suitable indicator for this titration and give the colour changes seen.
      [3]

2 a)
Sketch the pH curve seen when 25 cm3 of 0.1M ammonia in a conical flask has hydrochloric acid of 0.05M concentration gradually added to it from a burette.
      [4]

  (b)
Mark on the approximate pH values at the start, finish and equivalence point.

      [3]

  (c)
Mark on the volume of acid needed to achieve stoichiometric neutralisation.

      [1]

  (d)
Explain the pH of the equivalence point.





      [2]

  (e)
Explain the flat portion of the graph before the end point.



      [2]

  (f)
Suggest a suitable indicator for this titration and give the colour changes seen.
      [3]

3 a)
The first step in the esterification of ethanoic acid, CH3COOH, by ethanol in the


presence of a small quantity of concentrated sulphuric acid, is the reaction

CH3COOH + H2SO4 → CH3COOH2+ + HSO4-
       Identify the two acid base conjugate pairs.




        
      [2]
 b i)
The concentration of a solution of ethanoic acid can be determined by titrating a 25.0 cm3 
     sample in a conical flask against a standard solution of sodium hydroxide.

   State whether the pH at the end point is less than 7, 7, or more than 7, and hence name a suitable indicator for this titration.






      [2]
ii)
Ethanoic acid is only about 1% ionised in dilute solutions. Its enthalpy of neutralisation is –55 kJ mol-1, whereas the enthalpy of neutralisation of a strong acid, such as hydrochloric acid, is –57 kJ mol-1. Explain why there is so little difference between these two values.   [3]
 iii)
Calculate the pH of a 0.140 mol dm-3 solution of ethanoic acid (Ka = 1.74 × 10-5 mol dm-3, at 25 °C), clearly showing the TWO assumptions that you have made.


      [4]
iv)
To 50.0 cm3 of the solution in (iii) , an equal volume of a 0.200 mol dm-3 solution of potassium ethanoate was added. Calculate the pH of the buffer solution obtained.
      [3]
4.
10.0 cm3 of a solution of butanoic acid, CH3CH2CH2CO2H, of concentration 0.00660 mol dm-3, was titrated with a solution of aqueous ammonia. The pH was recorded throughout, and the results were plotted as shown below.

[image: image11.wmf]11

10

9

8

7

6

5

4

3

2

1

0

pH

0 10 20 30 40 50 60

Volume of ammonia added / cm

3

X

Y


(a) i)
Using the pH of butanoic acid from the graph, calculate the initial H+ concentration.      [2]
      ii)
Write the Ka expression for an aqueous solution of butanoic acid.


        [1]
     iii)
Calculate the value of Ka making the usual assumptions. Give your answer to 2 sig fig. [2]
(b)
i)
Write an equation for the reaction between butanoic acid and ammonia. 

        [1]
      ii)
Name the two compounds, apart from water, which are present in the mixture between X 
            and Y shown on the graph.







        [2]
     iii)
What type of mixture is present between X and Y? 
            What evidence is there for your answer by reference to the graph?


        [2]
     iv)
Explain why it is not possible to carry out this titration using an indicator.

        [1]
      v)
Use the graph to estimate the end-point of the titration. 
            Hence calculate the concentration of the ammonia solution.



        [2]
(c)
Use your graph to find the pKa of butanoic acid

         


        [1]

(d)
Use your value of pKa to calculate Ka for butanoic acid. Compare your answer to a) iii)    [2]

Buffers and pH curves
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1 a)  What is the principal property of a buffer solution?

   b)  The dissociation constant for ethanoic acid is 1.80 × 10-5 mol dm-3.  

Calculate the pH of a buffer solution which has a concentration of 0.0150 mol dm–3 with respect to ethanoic acid and 0.0550 mol dm–3 with respect to sodium ethanoate.


[5]

2. Citric acid is used in foodstuffs as an antioxidant and, together with its sodium salt, as an 

    acidity regulator. It occurs naturally in fruit juices. The formula of citric acid is;






[image: image12.emf]C
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  a i)  Assuming citric acid behaves in aqueous solution as a monoprotic acid:

RCO2H + H2O  [image: image13.wmf]  RCO2- + H3O+
       write an expression for Ka for this acid.

    ii)  Calculate the pH of lemon juice which contains 0.200 mol dm-3 citric acid. 

         (Ka for citric acid = 7.4 × 10-4 mol dm-3).





[4]

  b)  The use of citric acid together with its salt, sodium citrate, as an acidity regulator depends on the ability of this mixture to act as a buffer.

    i)  Describe how the mixture of citric acid and sodium citrate achieves this buffering action.    

      Give equations for the TWO reactions you describe. 




    [5]

   ii) Calculate the pH of a buffer solution containing 0.200 M citric acid and 0.400 M sodium citrate.













[2]
3. a)
Ammonia reacts with water as below:

NH3(aq)   +   H2O(l)   [image: image14.wmf]   NH4+(aq)   +   OH-(aq)

A 0.100 mol dm-3solution of ammonia has a pH of 11.13.

i) Identify the Bronsted–Lowry acid/base conjugate pairs in the equation. 
                  [2]

ii) Sketch a graph to show how the pH of the solution varies as 40 cm3 of 0.100 mol dm-3 

    hydrochloric acid is added slowly to 20 cm3 of the ammonia solution.

      [4]
iii)
Select, from the following list, the indicator which would be the most suitable for this titration. Give a reason for your choice.




                              [2]
	Indicator
	pKind
	Range

	methyl red
	5.1
	4.2–6.3

	bromothymol blue
	7.0
	6.0–7.6

	phenolphthalein
	9.3
	8.2–10.0


  b)
Nitrous acid, HNO2, is a weak acid,  Ka = 4.70 × 10-4  mol dm-3 at 4°C.

i) Write the expression for Ka.






                  [1]
      ii)
Calculate the pH of a 0.120 mol dm-3 solution of nitrous acid.


      [3]
     iii)  Calculate the pH of a buffer solution made by adding 1.38 g of sodium nitrite, NaNO2,
   to 100 cm3 of the 0.120 mol dm-3 solution of nitrous acid.



      [4]
iv)
Suggest why a mixture of nitrous acid and sodium nitrite can act as a buffer solution whereas a solution of sodium nitrite on its own does not.


                              [2]
4 a)  Describe how the pH of blood is buffered in the body using H2CO3 and HCO3- ions.
      [3]

   b)  Explain why some packaged foods are buffered.




      [2]
More REDOX
A2 Chemistry Chapter 9 pg 160-168
       Total   / 42
1. Calculate the oxidation number of the atoms in bold:
  [8]


a. N2O5

b. NO3–

c. N2O4
     d. Mn2O3



e. MnO42–

f. CrO3

g. Cr2O72-
     h. IO3–


2.
a)  Write half equations for the following;


     i)  MnO4-   (  Mn2+  


    ii)  C2O42-   (   CO2  

      b)  Use your half equations to write a balanced equation for the oxidation of C2O42- by MnO4-   












       [6]
3.
    Balance the following redox equations.

a) ClO3-(aq)  +  I-(aq)  +  H+(aq)   (  I2(aq)  +  Cl-(aq)  +  H2O(l)

b) S2O32-(aq)  +  I2(aq)  (  I-(aq)  +  S4O62-(aq) 





      [6]

4.
4 g of iron wire was dissolved in dilute sulphuric acid to give a solution of FeSO4 and 

diluted to 250cm3. 15.00cm3 of this solution just decolourised 25.20cm3 of 0.020 moldm-3 KMnO4. 

The equation for the reaction is:  
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Find the mass of iron in the wire and calculate the percentage purity.


       [6]

5.
   Calculate the volume of 0.025 mol dm-3 potassium manganate (VII) which just reacts with    

        0.56 g of iron (II) sulphate, in acid solution.



       [3]

6.
100cm3 of a solution of H2O2 of concentration 0.010 moldm-3 was acidified and titrated with 0.020 moldm-3 KMnO4:  
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(a)
What volume of KMnO4 solution was needed?


(b)
What volume of oxygen gas was evolved (measured at rtp)?

       [4]

7.    5g of a solid known to contain some KIO3 was dissolved in 250cm3 of sulfuric acid. 25cm3 of this solution was placed in a conical flask and excess potassium iodide solution was added. The iodine liberated was titrated with 0.5 mol dm-3 sodium thiosulfate solution. The average titre was found to be 25.00cm3. Calculate the % of KIO3  in the original solid.  (RFM  KIO3 = 214).

  a)  Write a balanced equation for the reaction between iodate(V) ions, IO3- and iodide ions.   [2]

  b)  Write a balanced equation for the reaction between iodine and sodium thiosulphate.
       [2]

  c)  Use the results above to calculate the % of KIO3  in the original solid.  

       [5]

Achieving your full Potential!

A2 Chemistry Chapter 9 pg 160-168
Total   / 30
1.
 Define standard electrode potential.






       [3] 

2.
 What is a standard hydrogen electrode and why is it necessary to have a reference electrode 


when finding electrode potentials.







       [4]

3.
Draw the apparatus set-up needed to measure the standard electrode potential of the Zn2+/Zn couple in the laboratory.  Include details of the standard conditions needed.
   [5]

4.
Calculate the EMFs of the cells made from the following electrodes.


a)

Al / Al3+  electrode and Cu2+ / Cu electrode.


b)

Fe2+, Fe3+  electrode and Cl2, 2Cl- electrode.


c)

Mg / Mg2+  electrode and Sn2+ / Sn electrode.




       [6]

5.
Explain why the Fe2+ / Fe3+ and Cl2 / 2Cl- electrodes in 4b) require a platinum electrode.     [2]

6.
Calculate the standard electrode potentials from the Ecell values for the electrodes stated.

a)
Be2+(aq)/Be(s)

Be(s) Be2+(aq) Cu2+(aq)Cu(s)

Eocell = +2.19 V


b)
Th4+(aq)/Th(s)

Pt(s)  H2(g)  H+(aq)  Th4+(aq)Th(s)

Eocell = -1.90 V


c)
Cr3+(aq), Cr2+(aq)
     Pt(s)  Cr2+(aq), Cr3+(aq),  Pb2+(aq)Pb(s)
Eocell = +0.28 V


(NB   represents a salt bridge)




   
       [6]

7.  Explain how Ecell can be used to predict the thermodynamic feasibility of a reaction.

       [2]

8.  Explain why some reactions that are predicted to be feasible using Ecell never occur in practice. 

       [2]

Predicting Redox Reactions
A2 Chemistry Chapter 9 pg 168-182
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1)

Write an equation for the reaction that would take place and calculate E[image: image17.wmf]cell if the Zn2+(aq)/Zn(s) and Ni2+(aq)/Ni(s) half-cells were connected together.

[2]
2)

What reaction would take place if a piece of silver and copper was placed in a solution containing a mixture of silver nitrate and copper sulphate.  Justify this using E[image: image18.wmf] data.










[3]
3)

For each of the following questions, predict whether the reaction will take place or not in aqueous solution.  Give clear reasons for your prediction. If the reaction is feasible, write a balanced equation for the reaction and determine the emf of the cell (Eocell).

a)
Will Mg reduce V3+ to V2+? 
e)
Will Cr2O72-/H+ oxidise Cl- to Cl2?


b)
Will Cl- reduce Fe3+ to Fe2+? 
f)
Will MnO4-/H+ oxidise Cl- to Cl2?


c)
Will Cl2 oxidise Br- to Br2? 
g)
Will H+ oxidise Fe to Fe2+?


d)
Will Sn reduce Fe3+ to Fe2+? 
h)
Will H+ oxidise Cu to Cu2+?


[21]
4)

Which of the species MnO4-(aq), Cr2O72-(aq) and Fe3+(aq) are able to liberate Cl2 from an acidic solution of sodium chloride?  Explain your reasoning.



[2]
5)
The standard reduction potentials, E[image: image19.wmf] for some electrodes are listed below. This data should be used, where appropriate, to help answer the questions that follow.




E[image: image20.wmf] / V
Mg2+(aq)  +  2e-
[image: image21.wmf]
Mg(s)
–2.38
Fe2+(aq)  +  2e-
[image: image22.wmf]
Fe(s)
–0.44
I2(aq)  +  2e-   
[image: image23.wmf]
2I–(aq)
+0.54
Fe3+(aq)  +  e-   
[image: image24.wmf]
Fe2+(aq)
+0.77
Br2(aq)  +  2e-   
[image: image25.wmf]
2Br–(aq)
+1.07
Cl2(aq)  +  2e-   
[image: image26.wmf]
2Cl–(aq)
+1.36

a)  Give the formula of the species given in the data which, under standard conditions, is

       i) the most powerful reducing agent;

      ii) the most powerful oxidising agent. 





        [2]
b)   Which of the halogens listed would oxidise Fe2+(aq) to Fe3+(aq) under standard conditions?  [2]
c)   i) Write an equation to show the reaction that occurs when chlorine is bubbled into a solution containing bromide ions. Give a reason why you would expect the reaction you suggest.              [2]
     ii)  Give an industrial application of this reaction.




        [1]
d)   The redox potential for the following reaction at pH 7 is +0.42 V.

2H2O(1) + 2e–  [image: image27.wmf] H2(g) + 2OH–(aq)

      When magnesium is added to water at room temperature, little apparent reaction occurs. 

      Give two reasons to account for this.





          [2]


Da 'd' Block Elements
A2 Chemistry Chapter 10 pg 184-196
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1. (a) What is meant by the terms     (i)  ‘d’ block element,   (ii)  transition metal?

        [2]

    (b) Why is zinc not generally regarded as a transition metal?



        [2]


2.   State, and explain, the variation in the following properties on passing across the first row

      of the 'd' block from scandium to zinc:
    (a) atomic radius
    (b) melting point
    (c) electronegativity
    (d) ionisation energies








        [8]
3  (a) Give the electron configuration of each of the metals in the first row of the d block.         [2]                              
    (b) Why do many ‘d' block elements show a variety of oxidation states?                                 [1]
    (c) Write electron configurations for the following;

i)
Cu

ii)
V

iii)
Cr


iv)
V3+

v)
Fe2+

vi)
Fe3+



        [6]
    (d) Explain why Fe3+ is more stable than Fe2+.





        [3]
    (e) How do you account for the fact that so many ‘d’ block elements form coloured compounds?





        






        [2]
4  (a) Using the species [Co(NH3)6]3+ as an example explain what is meant by the terms  

          (i) ligand,   (ii) coordination number. 






        [2]
    (b) Describe the bonding within the above 'complex' ion.


                                [2]
5    Manganate(VII) ions will oxidise ethanedioate ions to carbon dioxide in acidic solution. 

      The overall reaction may be written:

2MnO4-(aq) + 5C2O42-(aq) + 16H+(aq)  (  2Mn2+(aq) + 10CO2(g) + 8H2O(l)
The following experiment was carried out to find the number of moles of water of 

      crystallisation,  x, in ammonium ethanedioate, (NH4)2C2O4.xH2O.   

      2.13 g of the hydrated ammonium ethanedioate were dissolved in dilute sulphuric acid and the

      volume made up to 250 cm3 in a volumetric flask. 

      25 cm3 portions of this solution required 30.0 cm3 of 0.02M KMnO4, for complete oxidation.

    (a)  How many moles of MnO4- were used in the titration?             


      [2]
    (b) How many moles of C2O42- were present in 25 cm3 of solution? 


      [2]
    (c) What mass of (NH4)2C2O4 was present in the original weighed sample? 

      [2]
    (d) What mass of water of crystallisation was contained in the weighed sample? 
      [2]
(e) Deduce the formula of the hydrated ammonium ethanedioate. 


      [2]

A Complex One!
A2 Chemistry Chapter 10 pg 189-191 and 196-198
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1 a)  What is a ligand?

   b)  Which of the following could act as (a) a monodentate ligand, (b) a bidentate ligand?
    (i)  K+    (ii)  HOCH2CH2NH2     (iii)   SiCl4     (iv) CH3SH    



[4]

2  Complete the missing names and formulae in the following table.


[5]

	Name
	Formula

	hexaaquachromium(II) sulphate
	?

	?
	[Cu(NH3)2]Br

	sodium tetrachlorocobaltate(II)
	?

	trichlorotriamminechromium(III)
	?

	?
	[Cu(OH)2(H2O)4]


3 What are the shapes of the complex ions given in the table in question 2 above?
[5]
4 Which of the complexes in the table in question 2 would you expect to be coloured?
[3]
5 When aqueous sodium carbonate is added to Cr3+(aq), a green ppt is formed and bubbles

 of a colourless gas are given off.

(a) What is this gas, and what is the formula and name of the precipitate?

(b) Complete and balance the following equation;

[Cr(H2O)6]3+ (aq)  +  CO32-(aq)    (
(c) Explain why, if Cr2+(aq) is used instead, no gas is produced.


[6]
6 In a preparation of potassium hexacyanoferrate(III), K3Fe(CN)6, a solution containing 0.05

moles of iron(II) sulphate was treated with excess aqueous potassium cyanide:

Fe2+(aq) + 2CN-(aq)  ( Fe(CN)2(s)   (Reaction 1)
On boiling the mixture, in a fume cupboard, the precipitate of iron(II) cyanide dissolves to give a solution of hexacyanoferrate(II), [Fe(CN)6]4-, ions:
Fe(CN)2(s) + 4CN-(aq)  (  [Fe(CN)6]4-(aq)   (Reaction 2)
When chlorine was bubbled through the solution, hexacyanoferrate(III) ions were produced.

The solution was left to crystallise and crystals of potassium hexacyanoferrate(III) were formed.

(a) What mass of hydrated iron(II)sulphate, FeSO4. 7H2O, should have been weighed out?  [2]
(b) What would be the theoretical yield of K3Fe(CN)6 crystals?                                              [2]
(c) In fact, 12.35 g of potassium hexacyanoferrate(III) crystals were obtained.
      Calculate the percentage yield of product.                                                                  [2]
(d) Why do you think reaction 2 was performed in a fume cupboard.                                     [2]
(e) When chlorine is bubbled through [Fe(CN)6]4-, [Fe(CN)6]3- ions are produced.

What are the oxidation states of iron in [Fe(CN)6]4-  and [Fe(CN)6]3-?
  Hence, write an equation for the reaction between Cl2 and [Fe(CN)6]4-.                            [2]
(f) Would you expect [Fe(CN)6]4- and [Fe(CN)6]3- ions to have the same;


(i) shape and (ii) colour? Explain your answers.                                                                  [4]

7 Draw a diagram, showing the shape and bonding in the following complexes.

a)    Fe(H2O)6]3+                                                                                                                   [2]
b)    [CuCl4]2-                                                                                                                       [2]
8 a)  Explain why Pt(NH3)2Cl2 can exist as two isomers.                                                      [2]



[]

b)  Draw and name these isomers.                                                                                       [2]
Copper
A2 Chemistry Chapter 10 pg 189-191 and 196-198
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1 a) 
Write the electronic configurations of;

i) Cu

ii) Cu2+
iii) Cu+







[3]

   b) 
Suggest why anhydrous solid copper (II) sulphate is white whereas the hydrated solid is blue. 












[3]
   c) 
State the formula, colour and shape of the complexes formed by aqueous Cu2+ with the ligands H2O, NH3 and Cl-. Draw the structure in each case.




[9]

2 a) Describe what you would see when sodium hydroxide is added to copper(II) sulphate solution.










[2]
    b) Name the type of reaction that occurs.






[1]

    c)  Write a balanced equation for the reaction occurring in 2 a).



[2]
    d) Describe what you would see when ammonia solution is added to copper(II) sulphate solution.










[3]

    e) Name the types of reaction occuring.






[2]

    f) Write balanced equations for the reactions occurring in 2 d).



[3]
    g) Describe what you would see when conc HCl is added to copper(II) sulphate solution.












[2]

    h) Name the type of reaction occuring.






[1]

    i)  Write a balanced equation for the reaction occurring in 2 g).



[2]

3     Addition of aqueous copper(II) ions to aqueous iodide ions gives a precipitate of copper(I) iodide and liberates iodine; the iodine can be titrated with aqueous sodium thiosulphate, so these reactions form the basis for a volumetric analysis of copper, for example in metal alloys.

i)  Write an ionic equation for the reaction of copper(II) ions with iodide ions.
[2]
ii) Given that the reaction of iodine with sodium thiosulphate is
[image: image28.wmf]I  (aq) + 2S  O   (aq)          2I  (aq) + S  O   (aq)
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find the volume of sodium thiosulphate solution of concentration 0.5 mol dm–3 needed to react with the iodine liberated by copper ions from a brass screw of mass 4.50 g, containing 50% of copper by mass.







                          [4]

4    Explain why copper(I) ions are very rare whereas copper(II) compounds are very common.
[2]

MAKING THE TRANSITION
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1.
An acidified solution contains C2O42- ions. 30.15cm3 of it were titrated with 0.010 mol dm-3 

potassium dichromate(VI), of which 25.00cm3 were required.

(a) 
Given that the ethanedioate ions are oxidised to CO2 by the Cr2O72- (which is itself reduced 

to Cr3+), derive two relevant half equations and combine them to give the overall reaction 

equation. 










[3]

(b) 
Explain why nitric acid is unsuitable for this experiment.



[2]

(c) 
Given that solid potassium ethanedioate, K2C2O4, was dissolved to make the solution, what mass of solid was dissolved in the 30.15cm3 ?





[3]

2 a) 
Give the name of the catalyst in the following processes: 
Contact; Haber; hydrogenation of unsaturated oils.





[3]

(b) 
For one of the processes above, give a brief explanation of the mode of catalysis.
[3]

3.
Classify the following reactions as reduction, oxidation or redox, giving a reason each time:


a)

MnO2 + 4HCl ((( MnCl2 + Cl2 + H2O




[2]


b)

CuO + 2HCl ((( CuCl2 + H2O





[2]


c)

SO2 + 2H2O + Cl2 ((( H2SO4 + 2HCl




[2]

4.
An acidified solution contains both Fe2+ and Fe3+ ions. 25.00cm3 of it were titrated with 

0.010 mol dm-3 potassium manganate VII, of which 15.00cm3 were required.

a)
Given that only the iron (II) is oxidised by the MnO4-, which itself reduces to Mn2+, 


derive the two relevant half equations and combine them to give the overall reaction equation.











[3]

(b)
Suggest why ethanoic acid is unsuitable for this experiment.



[1]

(c)
Calculate the concentration of Fe2+ in both mol/dm3 and g/dm3.


[3]
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