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A2 – Unit 4
CHEMISTRY
Revision

Booklet

Entropy

Rates of Reaction
Equilibria
Application of rates and equilibrium
Acid Base Equilibria
Organic Chemistry 
Isomerism, Carbonyls, Carboxylic acids, 





Spectroscopy and Chromatography

Entropy 

Explain the following entropy values at 298K.

	Substance
	Entropy / J K-1 mol-1

	Aluminium 
	28.3

	Water 
	70.0

	Carbon dioxide
	213.6


Explain how entropy can be used to determine if a reaction is spontaneous or not.
Complete the following equations; 
        ΔSTOTAL  =
      ΔSSYSTEM  =
                                                   ΔSSURROUNDINGS =
Show by calculation that the thermal decomposition of limestone is not spontaneous at 298K.


CaCO3(s)    (    CaO(s) + CO2(g)
At 298K
H = +117.9 kJ/mol









Ssyst =  +160.4 J K-1 mol-1

Show by calculation that the reaction is spontaneous at 1273K.
Entropy and Solubility
e.g. Dissolving Sodium chloride


NaCl(s)    (    Na+(aq) + Cl-(aq)
At 298K
     H = +3.9 kJ/mol










Ssyst =  +39.2 J K-1 mol-1
Explain why dissolving NaCl is an endothermic process.

Explain why Ssyst positive.

Show that dissolving NaCl is feasible at 298K.

Explain what happens to the solubility if the temperature is increased?

Explain, using the concepts of lattice enthalpy and hydration enthalpies why CaCO3 will not dissolve at 298K.

Rates
Define the following;




 The overall order of a reaction.




Rate constant.

Give experimental detail of how you would find the order with respect to iodine for the reaction between Iodine and propanone.
I2(aq) +  CH3COCH3(aq)  (  CH3COCH2I(aq)  +  H+(aq)   +  I-(aq)
Describe how a concentration time graph could be used to show a reaction is first order with respect to a reactant.

The kinetics of the following reaction were studied;

CH3CH2Br     +   OH-    (    CH3CH2OH    +    Br-
The order with respect to CH3CH2Br is 1 and the order with respect to OH- is 1
Write the rate equation for the reaction.

What is the overall order of reaction?
What are the units of the rate constant?

Why must the orders of the species in the rate equation be determined experimentally rather than by looking at the reaction equation?

The following has been suggested as a possible mechanism for the reaction.

CH3CH2Br    (    CH3CH2 +    +    Br-
slow

CH3CH2 +    +    OH-    (    CH3CH2OH
fast

Is this consistent with the rate equation?  Explain your answer.
Suggest a suitable mechanism for the reaction that does agree with the rate equation above.

Why does an increase in temperature cause an increase in reaction rate?

Describe how the activation energy EA can be calculated graphically using the Arrhenius Equation;

ln (rate) = ln (collision rate) - EA/R (1/T)
Chemical equilibrium
Explain what is meant by the term dynamic equilibrium.

Write the Kc expression for the following equilibrium and calculate the units of Kc.

2A(aq)   +  B(aq)  
 EMBED Word.Picture.8  

   C(aq)  +  D(aq)
What can we tell about the equilibrium if the value of Kc is high (> 100)?
Write the Kp expression for the following equilibrium and calculate the units of Kp if the total pressure is measured in kPa.
N2(g)  +  3H2(g)       
 EMBED Word.Picture.8  

       2NH3(g)
What happens to the value of Kp if the pressure is decreased?

What happens to the value of Kp if a catalyst is added?
What happens to the value of Kp if the temperature is increased?
Equilibrium Calculations

Example 1: 5 g of ethanoic acid and 4.2 g of ethanol were mixed and the esterification reaction allowed to reach equilibrium in a a 2dm3 flask. The equilibrium mixture was found to contain 0.0255 moles of ethanoic acid. Calculate the value of Kc for the esterification reaction.
                                CH3CO2H + C2H5OH   

 EMBED Word.Picture.8  

 CH3CO2C2H5 + H2O 

Example 2: At 55oC the number of moles of nitrogen dioxide in an equilibrium mixture is 0.025 and number of moles of dinitrogen tetraoxide in the mixture is 0.01 Calculate the value of Kp for the reaction if the total pressure of the vessel was 0.5 atmospheres?
N2O4(g) 
 EMBED Word.Picture.8  

 2NO2(g)

Example 3: In the dissociation of phosphorus pentachloride, at 180°C and 2.00 atm pressure, the phosphorus pentachloride is found to be 40% dissociated. Find Kp.


PCl5(g)     
 EMBED Word.Picture.8  

  
PCl3(g)     +  
Cl2(g)

Application of rates and equilibrium
Complete the table below to summarize of the effect of changing various conditions on equilibrium.

	Change in condition
	Reaction
	Effect on

	
	
	Equilibrium position
	Equilibrium constant

	Temperature increase
	Exothermic
	
	

	Temperature decrease
	Exothermic
	
	

	Temperature increase
	Endothermic
	
	

	Temperature decrease
	Endothermic
	
	

	Pressure increase
	Molecules on LHS > Molecules on RHS
	
	

	Pressure decrease
	Molecules on LHS > Molecules on RHS
	
	

	Pressure increase
	Molecules on LHS < Molecules on RHS
	
	

	Pressure decrease
	Molecules on LHS < Molecules on RHS
	
	

	Catalyst added
	
	
	


Explain, using the concept of entropy, how industrial chemists can determine if a reaction is feasible at a specified temperature.  
What is the equation that links total entropy and the equilibrium constant?

Examination Questions
1. 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: image1.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.

Temperature

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

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

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

Pressure

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

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

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

 (Total 20 marks)

2.
Ammonia can be oxidised to form nitrogen(II) oxide and water according to the equation



4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(g)
∆Hο = –905.6 kJ mol–1.


In industry, the reaction is carried out at 1123 K with a platinum/rhodium catalyst.

The standard entropy of one mole of each substance in the equation, at 298 K, is shown in the table below.

	Substance
	Sο/ J mol–1 K–1

	NH3 (g)
	+192.3

	O2 (g)
	+205.0

	NO (g)
	+210.7

	H2O (g) 
	+188.7


a i)
Use the values given to calculate the standard entropy change of the system, ∆Sοsystem, for this reaction. Include the sign and units in your final answer.

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

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

  ii)
Is the sign for your value for ∆Sοsystem what you expected? Justify your answer.

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

........................................................................................................................................................................ (1) 

iii) Calculate the entropy change of the surroundings, ∆Ssurroundings, at 1123 K for this reaction. 

Include the sign and units in your final answer.

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

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

  iv)
Calculate the total entropy change, ∆Stotal, for this reaction at 1123 K. Include the sign and units in your final answer. You may assume that ∆Ssystem is unchanged at high temperatures.

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

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

   v)
What does your answer to (iv) tell you about the extent of the reaction at 1123 K?
           Justify your answer.

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

........................................................................................................................................................................ (1) 
 vi)
An energy profile was proposed to illustrate the effect of the catalyst on this reaction. The proposal has two errors. Draw a corrected version on the axes below.



     [image: image2.wmf]Progress of reaction
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            (2) 

b)
The oxidation of nitrogen(II) oxide leads to the following equilibrium   2NO(g) + O2(g) [image: image3.wmf] 2NO2(g)

The number of moles of each gas in a reaction mixture at eqm, at a pressure of 1.5atm, was found to be

	Substance
	Number of moles
at equilibrium

	NO (g)
	0.025

	O2 (g)
	0.025

	NO2 (g)
	4.95


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

(1)

 ii)
Calculate the mole fraction of each gas and hence the value of the equilibrium constant, Kp, for this mixture. Include units, if required, in your answer.

(4)

 iii)
What does your answer to (ii) tell you about the position of the equilibrium?
          Justify your answer.

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

........................................................................................................................................................................ (1)  

 iv)
If the total pressure of the reaction mixture was increased, describe what would happen to the value of the equilibrium constant, Kp, and the partial pressure of NO2(g). In each case justify your answer.


Equilibrium constant, Kp.

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

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


Partial pressure of NO2(g).

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

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

 (Total 17 marks)

Acid-base equilibria

What is an acid in terms of Brønsted-Lowry theory?
Explain what is meant by acid/base conjugate pairs.

How do we judge if an acid is strong or weak?

Define pH.
Calculate the pH of the following;

(a)

0.100 mol dm-3 chloroethanoic acid given that Ka = 1.38 x 10-3 mol dm-3.

(b)

0.100 mol dm-3 H2SO4.

(c) 
0.25M Ba(OH)2          (Kw = 1.00 x 10-14 mol2 dm-6).
Define pKa and describe how the pKa of an acid can be found if you are given a pH titration curve. 
Acid Base Titrations

What is meant by the end-point of a titration?

What is meant be the equivalence point of the titration?

Sketch the characteristic shapes of the titration curves below the various strong/weak acid/base combinations are shown below, for 10 cm3 of 0.10 mol dm–3 acid against 0.10 mol dm–3 base.









For each sketch state;
The pH at the start.
HCl/NaOH






CH3COOH/NaOH
The pH at the equivalence point.

HCl/NaOH






CH3COOH/NaOH 

A suitable indicator for the titration.

HCl/NaOH






CH3COOH/NaOH
Buffer solutions


What is a buffer solution?

Explain how a sodium ethanoate / ethanoic acid buffer works.

Calculating the pH of a buffer.

What is the pH of a buffer solution containing 0.500 mol dm–3 sodium ethanoate and

0.800 mol dm–3 ethanoic acid (Ka = 1.74 × 10–5 mol dm–3)?
Organic Chemistry
Define Structural isomerism.

Define Stereoisomerism.

Why do enantiomers have identical physical properties and how can they be distinguished?

Carbonyls

Draw the structural formulae of the products formed from the following reactions;

a) CH3-CHO    +   KCN (pH8)







b) CH3-CO-CH3
 +  KCN (pH 8)









Name and draw the mechanism for reaction a)
What is the test for a carbonyl group?

Write an equation to illustrate the test using propanone as the carbonyl compound.
How can the test be adapted to give the exact identity of the compound?

What is the test for an aldehyde?

What is the test for a methyl ketone?
Name the reagent and conditions for the conversion of an aldehyde into a primary alcohol.

Carboxylic acids

Complete the following equations;
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Condensation polymerisation
What is condensation polymerization?

How does it differ from addition polymerization?

Describe the monomers needed to make a polyester.

Draw the monomers used to make terylene, following condensation polymer.
Draw a short section of the polyester which might be obtained from the monomers.
HO–C6H4–OH  and  CH3CH(COCl)2
Spectroscopy

Describe how the following isomers can be identified using Mass spec, IR and 1H-NMR spectroscopy.
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Describe how the two isomers can be identified using chemical tests.
Chromatography
Describe how chromatography can be used to identify the products in a reaction mixture.

Describe why Gas-Liquid Chromatography is a powerful analytical tool for an organic chemist.
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