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     Hand in 1


                             Completed                            




1.
Methanol, CH3OH(g), is manufactured from carbon monoxide and hydrogen in an 
equilibrium reaction.



CO(g) + 2H2(g) [image: image3.png]OCR"

RECOGNISING ACHIEVEMENT



 CH3OH(g)
∆H = –91 kJ mol–1
(a)
In this question, one mark is available for the quality of use and organisation of scientific terms.


Explain the advantages and disadvantages of running this reaction

•
at a high pressure,

•
at a high temperature.
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Quality of Written Communication [1]

2.
In the stratosphere, ozone forms when oxygen free radicals react with oxygen molecules.



O2 + O  O3

The oxygen free radicals are initially formed as diradicals when oxygen gas, O2, is dissociated by strong ultraviolet radiation,



O2(g)  2O(g)

(i)
Suggest why oxygen free radicals, O, are often called diradicals.

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

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

[1]

(ii)
Draw a ‘dot-and-cross’ diagram of an ozone molecule. Show outer electrons only.

[2]

(iii)
Chlorine free radicals formed from CFCs deplete the ozone layer in a chain reaction.


Typically, 1 g of chlorine free radicals destroys 150 kg of ozone during the atmospheric lifetime of the chlorine free radical (one to two years).


Calculate how many ozone molecules are destroyed in this chain reaction by a single chlorine free radical before the free radical is destroyed.



answer........................................
[3]

[Total 6 marks]

3.
The preparation of hydrogen iodide, HI(g), from hydrogen and iodine gases is a reversible reaction which reaches equilibrium at constant temperature.



H2(g) + I2(g) [image: image2.wmf] 2HI(g)

(a)
Write the expression for Kc for this equilibrium.

[1]

 (b)
A student mixed together 0.30 mol H2(g) with 0.20 mol I2(g) and the mixture was allowed to reach equilibrium. At equilibrium, 0.14 mol H2(g) was present.

(i)
Complete the table below to show the amount of each component in the equilibrium mixture.

	component
	H2(g)
	I2(g)
	HI(g)

	initial amount / mol
	0.30
	0.20
	0

	equilibrium amount / mol
	
	
	


[2]

 (ii)
Calculate Kc to an appropriate number of significant figures. State the units, if any.

Kc = ...........................................


units, if any ...........................................................................................[3]

(c)
The student compressed the equilibrium mixture so that its volume was reduced. The temperature was kept constant.


Comment on the value of Kc and the composition of the equilibrium mixture under these new conditions.

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

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

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

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

[2]

[Total 8 marks]

4.
A chemist set up an equilibrium system between dinitrogen tetroxide, N2O4, and nitrogen dioxide, NO2, at 25 °C.

N2O4 (g) ⇌ 2NO2(g)


The equilibrium concentrations were: N2O4 (g), 0.0390 mol dm–3. NO2 (g), 0.0150 mol dm–3 . 

(a) (i) Write the expression for Kc in this equilibrium system.

[1]

 

(ii)   Calculate Kc for this equilibrium State the units.

[2]


(b) The standard enthalpy changes of formation of N2O4 and NO2 are given below.

	compound
	∆Hf / kJ mol–1

	N2O4
	+9

	NO2
	+33



Calculate the standard enthalpy change for the forward reaction in this equilibrium.

[2]

(c)  This equilibrium system was heated at constant pressure. How would you expect the relative proportions of N204 and N02 to change? Explain your answer.

            change ..................................................................................................................................


   explanation..............................................................................................................................

…............................................................................................................................................


............................................................................................................................................. [3]
(d) NO2 and N2O4 are both poisonous. After this investigation, the chemist needed to dispose of 0.00465 mol N204 safely. The chemist decided to do this by reacting the N2O4 with an alkali and chose aqueous sodium hydroxide.





N2O4 (g) + 2NaOH(aq)
→ NaNO3(aq) + NaNO2(aq) + H2O(l)


Calculate the minimum volume of 0.300 mol dm–-3 NaOH (aq) required to dispose of this amount of N2O4.

[3] 
[Total: 11]

5. 
Syngas is a mixture of carbon monoxide and hydrogen gases, used as a feedstock for the manufacture of methanol.


A dynamic equilibrium was set up between carbon monoxide, CO, hydrogen, H2, and methanol, CH3OH. The equilibrium system is shown by Equilibrium 1.1 below.




CO(g) + 2H2(g) ⇌ CH3OH(g)

Equilibrium 1.1

The equilibrium concentrations of the three components of this equilibrium are shown below.

	component
	CO(g)
	H2(g)
	CH3OH(g)

	equilibrium concentration /mol dm–3
	3.1 x10–3
	2.4x10–2
	2.6 x10–5



(a)  State two features of a system that is in dynamic equilibrium. 

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


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


...........................................................................................................................................     [2]


(b) (i) Write the expression for Kc for this equilibrium system.

[2]


(ii) Calculate the numerical value of Kc for this equilibrium.

[2]

(c) The pressure was increased whilst keeping the temperature constant. The system was left to reach equilibrium. The equilibrium position of Equilibrium 1.1 shifted to the right.



(i)   Explain why the equilibrium moved to the right. 

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


...........................................................................................................................................     [2]


(ii)   What is the effect, if any, on Kc? 

...........................................................................................................................................     [1]


(iii)   State and explain the effect on the rates of the forward and reverse reactions

· when the pressure was first changed
· when the system reached equilibrium.

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

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


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


...........................................................................................................................................   [4]
 
(d) The temperature was increased whilst keeping the pressure constant. The system was left to reach equilibrium. The value of Kc for Equilibrium 1.1 decreased.

(i) Explain what happens to the equilibrium position of Equilibrium 1.1. 
........................................................................................................................................... 

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


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


...........................................................................................................................................   [2]

(ii)   Deduce the sign of the enthalpy change for the forward reaction shown in Equilibrium 1.1. Explain your reasoning. 
..........................................................................................................................................


...........................................................................................................................................   [1]
 [Total: 16]

6.
The formation of ethyl ethanoate and water from ethanoic acid and ethanol is a reversible reaction which can be allowed to reach equilibrium. The equilibrium is shown below





CH3COOH + C2H5OH  ⇌ CH3COOC2H5 + H2O

(a)  Write the expression for K for this equilibrium system.

[2]

(b) A student mixed together 6.0 mol ethanoic acid and 12.5 mol ethanol. A small amount of hydrochloric acid was also added to catalyse the reaction. He left the mixture for two days to reach equilibrium in a water bath at constant temperature, after which time 1.0 mol ethanoic acid remained.

(i)   Complete the table below to show the equilibrium composition of the equilibrium mixture.
	component
	CH3COOH
	C2H6OH
	CH3COOC2H5
	H2O

	initial amount/mol
	6.0
	12.5
	0.0
	0.0

	equilibrium amount/mol
	
	
	
	


[2]


(ii)   Calculate Kc to two significant figures. State the units, if any. The total volume of the equilibrium mixture is 1.0 dm3.
Kc…………………..units…………… [2]

(c)  The student was concerned that the mixture may not have reached equilibrium. What could he do to be sure that equilibrium had been reached? 

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


...........................................................................................................................................   [2]

(d) The student added more ethanol to the mixture.


(i) State, giving a reason, what would happen to the composition of the equilibrium mixture.



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



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



.........................................................................................................................................   [2]


(ii)   What happens to the value of Kc? 


.........................................................................................................................................   [1]

(e)  The student added more of the acid catalyst to the mixture.


State, giving a reason, what would happen to the composition of the equilibrium mixture. 



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



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



.........................................................................................................................................   [2]

(f)   The student repeated the experiment at a higher temperature and found that the value of K. decreased.


(i)   State, giving a reason, what would happen to the composition of the equilibrium mixture. 



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



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



.........................................................................................................................................   [2]


(ii)   What additional information does this information tell you about the reaction? 


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



.........................................................................................................................................   [1]
[Total: 16]

7.     Equilibrium 1, shown below, exists between N2(g), O2(g) and NO(g).





N2(g) + O2(g) ⇌ 2NO(g)
equilibrium 1


The equilibrium constant Kc for this reaction is 4.8 x 10–31 at 25 °C. 

(a) (i) Write the expression for the equilibrium constant, Kc, for equilibrium 1.
[2]

(ii) What does the value of Kc tell you about the equilibrium position in equilibrium 1 at     25°C? Explain your reasoning. 


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



.........................................................................................................................................   [1]

(iii) An equilibrium mixture of these three gases had the following equilibrium concentrations: 1.1 mol dm–3 N2(g) and 4.0 x 10–16 mol dm–3 NO(g).



Calculate the equilibrium concentration of O2(g).

answer………………….mol dm–3 [3]

(b) In a car, nitrogen and oxygen gases in the air are drawn into the engine. The high temperature inside a working car engine increases the value of Kc for equilibrium 1.



(i) Deduce the sign of the enthalpy change for the forward reaction in equilibrium 1. 


Explain your reasoning. 


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



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



.........................................................................................................................................   [2]

(ii) Compare the proportion of NO gas inside a working car engine to that at 25 °C. Explain your answer.


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



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



.........................................................................................................................................   [2]

(iii) In the absence of a catalytic converter, the NO gas emerges from a car exhaust and then reacts with oxygen in the air. The oxidation number of the nitrogen increases to +4.


Suggest an equation for this reaction


.........................................................................................................................................   [2]

(c)  In this question, one mark is available for the quality of written communication.


In industry, NO(g) is used in the manufacture of nitric acid. The production of NO(g) involves the oxidation of ammonia.




4NH3(g) + 5O2(g) ⇌ 4NO(g) + 6H20(g)
AH = - 900 kJ mol–1

The actual industrial conditions used are a temperature of about 1000°C, a pressure of 10 atmospheres and a platinum-rhodium catalyst.


Giving reasons,

· predict the conditions required for an optimum equilibrium yield,
· suggest reasons why the actual conditions used may be different from the optimum equilibrium conditions.
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Quality of Written Communication [1]

[Total: 20]

8.     
Amino acid A can be synthesised in the laboratory from propanone.


The equation for the first stage in the synthesis is given below.

CH3COCH3 + HCN ⇌ CH3C(CN)(OH)CH3
(a) (i)Write the expression for the equilibrium constant, Kc, of this reaction. 
Give the units
[2]



(ii) The reaction is carried out using methanol as the solvent.




At equilibrium the amounts of CH3COCH3 and HCN present are both 1.00 mol. The



total volume of the reaction mixture is 5.00 dm3. At the temperature of the reaction Kc has a value of 30.18.



Calculate the concentration of the product at equilibrium.




Give your answer to an appropriate number of significant figures.

concentration of product = ......................................... mol dm–3 [3]

[Total: 5]
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