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[bookmark: _Hlk135226130]Exercise 1 
1.  A reducing agent 
A. Accepts electrons
B. Donates electrons
C. Accepts protons
D. Donates protons								(1)

2. Mg(s)  +  Cu2+(aq)   Mg2+(aq)  +  Cu(s)
In the above reaction, the oxidising agent is
A. Mg(s)  
B. Cu2+(aq)
C. Mg2+(aq)  
D. Cu(s)										(1)

3. Magnesium is reacted with iron (II) sulfate solution.
(a) 	Identify the spectator ion in the reaction.
											(1)
(b) (i)	Give the ion electron equations for the half-reactions which occur.

											(1)
(ii)  Identify each as reduction or oxidation.
(c) 	Write a balanced redox equation for the reaction.

											(1)
(d) 	Identify the oxidising and reducing agents in the reaction.

											(1)
4.	MnO4  +   8H+   +   5e       Mn2+    +    4H2O
               	Fe2+     Fe3+   +   e
(a) Combine the above two ion electron equations to give the redox equation for permanganate ion oxidising iron (II) to iron (III). 

(1)
(b) In an experiment it was found that 25 cm3 of acidified potassium permanganate solution oxidised 10 cm3 of iron (II) sulfate solution of concentration 0.04 mol l-1.
 Calculate the concentration of the potassium permanganate solution.


												(3)
[bookmark: _Hlk136504232]5. Hydrogen sulfide, H2S, can cause an unpleasant smell in water supplies. The concentration of can be measured by titrating with a chlorine standard solution.
	The equation for the reaction taking place is
4Cl2(aq) + H2S(aq) + 4H2O(l)         SO42-(aq) + 10H+(aq) + 8Cl-(aq)
50·0 cm3 samples of water were titrated using a 0.010 mol l-1 chlorine solution.
(a) Name an appropriate piece of apparatus which could be used to measure out the water samples.
												(1)
(b) 	An average of 29·4 cm3 of 0.010 mol l-1 chlorine solution was required to react completely with a 50·0 cm3 sample of water.
Calculate the hydrogen sulfide concentration, in mol l-1, present in the water sample.


												(3)
6. Hydrogen peroxide ( H2O2 ) decomposes according to the equation.
 2 H2O2 (l)         2 H2O  (l)  +  O2 (g)
Calculate the volume of oxygen which will be produced from 6·8g of Hydrogen Peroxide. Assume that the molar volume of oxygen is 24 litres

	

												(3)
7. When a mixture of nitrogen and oxygen is sparked the gases react to form nitrogen dioxide.
		N2(g)  +  2O2(g)            2NO2(g)
 Calculate the volume of nitrogen dioxide produced when 100cm3 of nitrogen is sparked with excess oxygen.
	
												(1)
8. Propane burns easily to form carbon dioxide and water.
		C3H8 (g)  +  5O2 (g)         3CO2 (g) +  4H2O (l)
(a) 	Calculate the volume of oxygen needed to burn 50cm3 of propane.
												(1)
(b) 	Calculate the volume of carbon dioxide produced from 50cm3 of propane.
												(1)
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Exercise 2 
1. Ethane-1,2-diol is produced in industry by reacting glycerol with hydrogen.
	
[image: ]
Excess hydrogen reacts with 27·6 kg of glycerol to produce 13·4 kg of 
ethane-1,2-diol. Calculate the percentage yield of ethane-1,2-diol.   	





(2)
2. Sulfur trioxide can be prepared by the reaction of sulfur dioxide with oxygen.
[image: ]		 2SO2(g) + O2(g)       	    2SO3(g)
(a) Under certain conditions, 43·2 tonnes of sulfur trioxide are produced in the reaction of 51·2 tonnes of sulfur dioxide with excess oxygen.
Calculate the percentage yield of sulfur trioxide.





												(2)
(b) In a different reaction, the percentage yield was 40%. Calculate the mass of sulfur trioxide made, assuming the same mass of reactants.


												(1)
3. Magnesium reacts with carbon dioxide according to the equation
		2Mg  +  CO2            2MgO  +  C
Calculate the atom economy for the production of carbon


												(2)
4. Methane burns in excess oxygen according to the equation
		CH4  +  2O2           CO2  +  2H2O
Calculate the atom economy for the production of carbon dioxide.



												(2)
5. Methanol reacts with compound X, in an addition reaction, to form methyl tertiary-butyl ether, an additive for petrol. 
        CH3OH(g) + X               H3CCOCH3CH3CH3 
     methyl tertiary-butyl ether
(a) The atom economy of this reaction is 100%. Explain what this means

											         (1)
(b)  Suggest a molecular formula for compound X

											         (1)
6. 2·43g of magnesium is reacted with 200cm3 of 0·2 mol l-1 hydrochloric acid. The equation for the reaction is:
			Mg  + 2HCl           MgCl2 + H2
(a) Calculate the number of moles of magnesium present in the reaction mixture.
												(1)
(b) Calculate the number of moles of hydrochloric acid present in the reaction mixture.
												(1)
(c) Which reactant was in excess?
												(1)
7. 2·8g of carbon monoxide is reacted with 10g of oxygen. The balanced equation for the reaction is:
[bookmark: _Hlk137561845]             2 CO +  O2           2 CO2
(a) Calculate the number of moles of each reactant present.

												(2)
(b) Which reactant was in excess?
												(1)
(c) Calculate the mass of carbon dioxide produced in the reaction.
												

												(2)
(d) What mass of CO2 would be made if the percentage yield was 15%?																							         (1)Exercise 2 
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Exercise 3 
1. The reaction below can exist as a dynamic equilibrium and is exothermic for the reaction which produces ICl5.				
[image: ]		ICl3 (l)  +  Cl2 (g)	    ICl5 (s)
(a) 	Explain what is meant by the term dynamic equilibrium.

												(1)
(b) 	What would happen to the yield of ICl5 if
(i) 	The pressure was decreased
												(1)
(ii) 	The temperature was increased
												(1)
(iii) 	More chlorine was added
												(1)
2. Ammonia gas dissolves in water to form ammonium hydroxide 
[image: ]		NH3 (g)  +  H2O (l)		NH4+ (aq)  +  OH- (aq)
	(ΔH for the forward reaction is -30·6 kJ mol-1 )
How would each of the following changes affect the concentration of ammonium ions?
(a) 	Increasing the temperature.
												(1)
(b) 	Increasing the pressure.
												(1)
(c) 	Adding an aqueous acid.
												(1)



3. Iron (III) ions react with thiocyanate ions ( CNS- ) according to the equation
[image: ]	     Fe3+ (aq)  +  CNS- (aq)		  Fe (CNS)2+ (aq)
	       yellow colour		   red colour
(a) When ammonium thiocyanate is added the red colour deepens, explain why this change takes place.

												(1)
(b) Chloride ions reacts with iron (III) ions removing them from the solution as an insoluble solid. 
(i) What would happen to the colour of the equilibrium mixture if chloride ions were added?
												(1)
(ii) Explain why this would happen
							
												(1)
4. Silver ions react with iron (II) ions to form an equilibrium mixture 
[image: ]		Ag+ (aq)  +  Fe2+ (aq)  		Ag (s)  +  Fe3+ (aq)
	How would the following affect the position of equilibrium?
(a) adding more iron (III) ions
												(1)
(b) adding more silver (I) ions
												(1)
5. The enthalpy of formation of propan-1-ol is the enthalpy change for the reaction:
	      3C(s) + 4H2(g) + 1/2 O2 (g)          C3H7OH (l)
(a) Write a balanced equation for the combustion of 	Propan-1-ol

												(1)
(b) Calculate the enthalpy of formation of propan-1-ol using the enthalpies of combustion of propan-1-ol, carbon, and hydrogen as listed in your data booklet.





												(2)
6. Consider the reaction pathway shown below:
				H = -210kJmol-1			
		W								 Z

H = -50 kJmol-1
					H = -86 kJmol-1 	   
				  X				  Y
According to Hess's Law, the H value, in kJmol-1, for reaction Z to Y is
A    +74        B 	-74       C 	+346     D 	-346		(circle one)		(1)


7. Samples of water were titrated using a 0.010 mol l-1 standard chlorine solution.
[bookmark: _GoBack](a) 250ml of the standard solution were made up for the experiment. How many moles of chlorine were in the solution?
												(1)
(b) What is meant by the term standard solution?
												(1)

8. Theobromine, a compound present in chocolate, can cause illness in dogs and cats. To decide if treatment is necessary, vets must calculate the mass of theobromine consumed.1·0 g of chocolate contains 1·4 mg of theobromine.
Calculate the mass, in mg, of theobromine in a 17 g biscuit of which 28% is chocolate. Show your working clearly.







												(2)
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