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1. ​(a) Planners have to ensure a secure supply of energy in the future. It has been suggested that 
the use of fossil fuels should be reduced, the use of renewable energy increased and that energy 
efficiency should be greatly improved. 

By considering both the benefits and the difficulties involved, discuss whether you think that these 
suggestions are realistic. 

[4] QWC [1] 
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(i)  

I. State the general variations in this yield with temperature and pressure 

[1] 

 

 

II. Use the graphs to explain whether the reaction is endothermic or exothermic and whether there 
are more moles of gaseous products than reactants. 

[4] QWC [1] 

 

 

 

 

(ii) Normally the process is carried out at a temperature of around 900 °C. 

Suggest why this temperature is used. 

[2] 

 

 

(iii) State the ​type ​of catalyst used. 

[1] 
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(iv) Explain why there has been much research to find a better catalyst.  

[2] 
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2.​ The decomposition of dinitrogen(IV) oxide into nitrogen(IV) oxide is a reversible reaction that 
establishes a dynamic equilibrium. 

 

 

 

(a) State the meaning of the term​ ​dynamic equilibrium​. 

[1] 

 

 

(b) The conditions applied to an equilibrium mixture of dinitrogen(IV) oxide and nitrogen(IV) oxide 
were changed. For each of the following, state what was ​seen ​and explain any change that 
occurred. 

[5] 

Temperature increased 

 

Pressure increased 

 

A catalyst was added 

 

 

(c) Hydrazine, N2H4, is an unstable liquid that decomposes according to the following equation. 
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(i) Calculate the volume of gas that could be obtained from 14 kg of hydrazine.  

Assume that the volume of 1 mol of gas is 24.0 dm³ 

[3] 

 

 

Volume of gas ​= ​. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ​dm³ 

 

(ii) Use of hydrazine is as a fuel in rockets. Apart from any energy changes, state ​one ​feature of this 
reaction that suggests it would be useful in rocket propulsion. 

[1] 
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3.​ (a) An aqueous solution of methanoic acid can be used to dissolve 'limescale' in kettles. The 
concentration of a methanoic acid solution used for this purpose can be found by a titration using 
sodium hydroxide solution. For this purpose a 25.0 cm³ sample of aqueous methanoic acid was 
diluted to 250 cm³. 

(i) State the name of the piece of apparatus used to 

I. measure out 25.0 cm³ of aqueous methanoic acid,  

[1] 

 

 

II. contain exactly 250 cm³ of the diluted solution.  

[1] 

 

 

 

(ii) A 25.0 cm³ sample of the diluted methanoic acid was titrated with sodium hydroxide solution of 
concentration 0.200 mol dm ​-³​. A volume of 32.00 cm³ was needed to react with all the methanoic 
acid present. 

Calculate the number of moles of sodium hydroxide used.  

[1] 

 

 

 

 

 

 

Moles of sodium hydroxide ​= ​.......................................​mol 
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(b) 

 

 

 

 

 

 

 

 

(Total 7) 
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4.​ Weak ​acids ​establish a ​dynamic equilibrium ​ ​when dissolved in water. 

Give brief explanations of what is meant by the following terms.  

[2] 

Acid 

 

Dynamic equilibrium 

 

(Total 2) 

5.  
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(Total 7) 

 

6. ​(a) Chlorine reacts with aqueous sodium hydroxide in one of two ways, depending on the 
temperature used.  

(i)Write the equation for the reaction of chlorine with 

I. cold aqueous sodium hydroxide, 

[1] 

 

II. hot aqueous sodium hydroxide. 

[1] 

 

(ii) Classify this type of redox reaction. 

[1] 

 

(b) 

 

 

 
 
 
 
 
 
 
 
 

(Total 9) 
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7.​ In an experiment, Aled titrated 25.00 cm​3​ of potassium hydroxide solution with hydrochloric acid, 
and obtained the following results. 

 

 

 

 

 

(a) Complete the table to show the volume used in each titration. 

[1] 

(b) Calculate the mean volume that Aled should use for his further calculations. 

[1] 

 
 

 
 

.............................................................................cm³ 

(Total 2) 

 

8. 
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9. 

 

 

 

 

 

(b) Emily wants to prepare 250 cm³ of a solution of sodium carbonate of concentration 1.200 moldm​-​³ 
using this hydrated sodium carbonate. 

(i) Calculate the mass of hydrated sodium carbonate needed to prepare this solution. 

[2] 

 
 
 
 

 

Mass of hydrated sodium carbonate ​= ​......................................................... ​g 

 

(ii) Emily proposes to make the solution by the following method. 

● Weigh the required mass of hydrated sodium carbonate. 
● Place the hydrated sodium carbonate in a beaker and add 250 cm³ of distilled water. 
● Stir the mixture until all the sodium carbonate dissolves. 
● Transfer the solution to the volumetric flask and shake. 

Her teacher said that the method was not correct. Suggest ​two ​changes that Emily should make to 
her method. 

[2] 
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(i) Describe how Emily should perform one titration to find the volume of sulfuric acid needed for 
complete reaction. 

[4] QWC [1] 

 

 

 

(Total 10) 

 
 

10.  
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11. 
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(a) State what is meant by a Lowry-Brønsted acid. ​(line 12) 

[1] 

 

(b) Define pH 

[1] 

 

(c) David and Peter were discussing acids and bases. David said that you could decide whether an 
acid was strong or weak by measuring the pH of the acid solution. He said that the strong acid would 
have a lower pH. Peter said that he felt that the strength of the acid was not the only factor that 
affected pH. 

Discuss the factors that affect pH. 

[4] QWC [1] 
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(e) The article ​(line 29) ​states that it is important to maintain the pH of shampoo within a small range. 

(i) What name is given to a system designed to maintain pH within a small range? 

[1] 

 

 

(ii) The pH of a shampoo is maintained within a small range by using a weak acid, RCOOH, and its 
sodium salt, RCOONa 

Explain how this mixture maintains pH within a small range. 

[3] 

 

(Total 15) 

 

12.​ Vinegar is a dilute solution of a weak acid. 

(a) State what is meant by an ​acid. 

[1] 

 

(b) Suggest a pH value for vinegar. 

[1] 

 

(Total 2) 
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