1.
The following equilibrium was established at a temperature of 700 K and a pressure of 200 kPa in a flask of volume 5.00dm3.


H2(g) + I2(g)   [image: image1.wmf]   2H1(g)

(a)
Write an expression for the equilibrium constant, Kp, for this equilibrium.

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

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

(1)

(b)
Use the ideal gas equation to calculate the total number of moles of gas in the flask.

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

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

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

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

(3)

(c)
After rapid cooling to room temperature, which stopped the equilibrium reaction, water was added to the flask. When all the HI had dissolved, the solution was made up to 250 cm3. In a titration, 25.0 cm3 of the solution of HI reacted exactly with 27.0 cm3 of 0.500M NaOH(aq). Use this information to calculate the number of moles of HI in the equilibrium mixture.

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

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

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

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

(3)

(d)
In a second experiment using equimolar amounts of H2 and I2, equilibrium was established at 250 kPa and 700 K. The flask was found to contain a total of 0.181 mol of gas which included 0.143 mol of HI.

(i)
Calculate the number of moles of H2 and I2 present at equilibrium.

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

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

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

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

(ii)
Calculate the partial pressures of H2, I2 and HI.

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

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

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

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

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

(iii)
Calculate the value of the equilibrium constant, Kp, for this reaction at 700 K.

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

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

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

(8)

(Total 15 marks)

2.
Gaseous sulphur dioxide and oxygen were mixed in a 2: 1 ratio and sealed in a vessel with a catalyst at 950 K. The equation for the reaction which occurred is shown below.

2SO2(g) + O2(g) [image: image2.wmf] 2SO3(g)


When equilibrium was reached, the total pressure in the vessel was 120 kPa and the mole fraction of S03(g) present in the mixture was 0.9

(a)
Write an expression for the equilibrium constant, Kp, for this reaction.

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

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

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

(b)
Calculate the partial pressures of each of the three gases present.

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

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

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

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

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

(c)
Calculate the value of the equilibrium constant, Kp, for this reaction at 950 K and state its units.

Kp ...............................................................................................................................

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

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

Units ...........................................................................................................................

(8)

3.
(b)
When dichromate(VI) ions react with hydroxide ions, the following equilibrium is established

Cr2O[image: image3.wmf]–

2

7

(aq) + 2OH–(aq) [image: image4.wmf]  2CrO[image: image5.wmf]–

2

4

(aq) + H2O(l)


The equilibrium constant for this reaction may be written with or without a term for the concentration of water.

(i)
Write an expression for the equilibrium constant, Kc, which includes the concentration of water. Deduce the units of Kc.

Expression for Kc .............................................................................................

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

Units of Kc ........................................................................................................

(ii)
Write an expression for the equilibrium constant, K, which does not include a term for the concentration of water.

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

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

(iii)
Justify the omission of the concentration of water from K.

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

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

(4)

(Total 9 marks)

4.
Hydrogen iodide decomposes according to the following equation:

2HI(g) [image: image6.wmf] H2(g) + I2(g)
H = –52 kJ mol–1
(a)
Write a Kc expression for the decomposition of hydrogen iodide. At a given temperature, the value of Kc for this reaction is 20. What will be the value of Kc for the reaction between hydrogen and iodine at this temperature?

(2)


(b)

The pressure of an equilibrium mixture of hydrogen iodide, hydrogen and iodine was increased. State what, if anything, would happen to:


(i)
the rates of both forward and reverse reactions;

(2)


(ii)
the position of equilibrium;

(1)


(iii)
the value of the equilibrium constant.

(1)

(Total 6 marks)

5.
Ethane can be cracked at high temperatures to yield ethene and hydrogen, according to the equation:


C2H6(g) [image: image7.wmf]  C2H4(g)  +  H2(g)

The standard enthalpy of formation of ethene is positive whereas that of ethane is negative.

(a)
Discuss the effect on the equilibrium constant, Kp, of changes to

(i)
the temperature

(ii)
the pressure.

(3)

(b)
Calculate the value of the equilibrium constant, Kp, for this cracking reaction, given that 1.00 mol of ethane under an equilibrium pressure of 180 kPa at 1000 K can be cracked to produce an equilibrium yield of 0.36 mol of ethene.

(7)

(Total 10 marks)

6.
When ammonia gas is heated, a homogeneous, dynamic equilibrium is established
between ammonia and its constituent elements. This decomposition is endothermic.

(a)
Explain the terms homogeneous, dynamic and equilibrium.
Write an equation for this decomposition and derive an expression for the equilibrium constant, Kc 
(5)

(b)
State and explain the conditions under which a high equilibrium concentration of hydrogen would be obtained.

(4)

(c)
The decomposition of ammonia might in the future be used as an industrial method for the manufacture of hydrogen.
Explain why an industrial chemist might decide to use conditions different from those you have given in part (b) if large quantities of hydrogen were to be produced by this decomposition. Discuss the effect that using a catalyst would have on the equilibrium yield and on the amount of hydrogen which could be produced in a given time.

(6)

(Total 15 marks)

7.
The petrochemicals industry produces a vast range of organic compounds derived from crude oil. Some of the most important processes involve simple molecules containing two carbon atoms.

(a)
Give the name of the first stage in the refining of crude oil and state why this process is used.

(2)

(b)
Ethene can be produced by cracking alkanes. State two conditions used in cracking processes and write an equation for a reaction in which ethene is formed from butane.

(3)

(c)
Some ethanol is made by the fermentation of sugars, but most of it is now produced by the hydration of ethene.

C2H4(g) + H2O(g) [image: image8.wmf] C2H5OH(g)
H = –46 kJ mol–1

Predict, qualitatively, the pressure and temperature needed for a high yield of product and explain your choice.

(4)

 (Total 9 marks)

8.
(a)
A 1.00 g sample of N2O4(g) was introduced into a 1.00 dm3 flask. 
The following equilibrium was established.

N2O4(g) [image: image9.wmf] 2NO2(g) 
H[image: image10.wmf]t

2

9

8

 = + 58.0 kJ mol–1

(i)
State, with reasons, the effect on the position of this equilibrium of changing separately the temperature and the pressure.

(ii)
Write expressions for Kc and Kp for this reaction.

(iii)
The percentage dissociation of N2O4(g) at 298 K is 27.7%. Calculate the value of Kc for this reaction at this temperature.

(iv)
Calculate the value of Kp for this reaction at 298 K, given that for gaseous equilibria



Kp = Kc(RT)n

where n is the difference between the number of moles of gaseous species on the right and left hand sides of the balanced equation.
The value of R, the gas constant, is 8.31 J K–1 mol–1.

(11)

(b)
A student wanted to find the value of Kc for the reaction

CH3COOH + CH3CH2OH [image: image11.wmf] CH3COOCH2CH3 + H2O


The reagents were sealed in a flask in the volumes shown in the table below. A control flask, which contained only water and the hydrochloric acid catalyst, was also set up.

	Reagent
	Density/g cm–3


	Experiment
Volume/cm3
	Control
Volume/cm3

	ethanoic acid
	1.05
	2.00
	0.00

	ethanol
	0.79
	3.00
	0.00

	ethyl ethanoate
	0.92
	2.00
	0.00

	water
	1.00
	2.00
	9.00

	hydrochloric acid
	1.00
	1.00
	1.00



Both flasks were left for a week to reach equilibrium and then the contents titrated against 0.100 M sodium hydroxide solution using phenolphthalein as indicator.


The 10.0 cm3 control sample required 10.0 cm3 of alkali. A 1.00 cm3 portion of the equilibrium mixture from the experiment required a titre of 27.6 cm3 of alkali.
Calculate the value of Kc for this reaction at the temperature of the experiment.

(14)

(Total 25 marks)

9.
The manufacture of sulphuric acid is carried out on a large scale in most industrialised countries because it is needed by many other industries. In most countries the raw material is sulphur. The process consists of three main stages - the burning of sulphur in air, the conversion of sulphur dioxide to sulphur trioxide and the formation of sulphuric acid. The equation for the conversion to sulphur trioxide is

2SO2(g)  +  O2(g) [image: image12.wmf]  2SO3(g)

(a)
For the conversion to sulphur trioxide, the effect of temperature on the percentage yield at equilibrium is shown in Figure 1.

[image: image13.wmf]%
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Figure 1
(i)
State whether this reaction is exothermic or endothermic and justify your answer by reference to Figure 1.

(2)

(ii)
Give the name of the catalyst used in this reaction. State the effect of the catalyst on the percentage yield at equilibrium of sulphur trioxide and on the rates of both forward and reverse reactions.

(4)

(iii)
A typical operating temperature is 450 °C. State one advantage and one disadvantage of operating the process at a temperature 50 °C lower.

(2)

(b)
The operating pressure for the conversion of sulphur dioxide to sulphur trioxide is slightly higher than atmospheric pressure.

(i)
State the effect on the rate of the reaction of using a much higher pressure.

(1)

(ii)
State the effect of using this much higher pressure on the percentage yield at equilibrium of sulphur trioxide and give a reason for your answer.

(2)

 (Total 11 marks)

10.
Hydrogen and carbon monoxide were mixed in a 2:1 mole ratio.  The mixture was allowed to reach equilibrium according to the following equation at a fixed temperature and a total pressure of 1.75 x 104 kPa.



2H2 (g)  +  CO (g)
[image: image14.wmf]
CH3OH (g)
(a)
The equilibrium mixture contained 0.430 mol of carbon monoxide and 0.0850 mol of methanol.

(i) Calculate the number of moles of hydrogen present in the equilibrium mixture

…………………………………………………………………………..

(ii) Hence calculate the mole fraction of hydrogen present in the equilibrium mixture.

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

(iii) Calculate the partial pressure of hydrogen in the equilibrium mixture

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(5)

(b) In a different mixture of three gases at equilibrium, the partial pressure of carbon monoxide was 7550 kPa, the partial pressure of hydrogen was 12300 kPa and the partial pressure of methanol was 2710 kPa.

(i) write an expression  for the equilibrium constant Kp for this reaction

(ii) Calculate the value of the equilibrium constant Kp for the reaction under these conditions and state its  units.

Kp ………………………………………………………………………. …………………………………………………………………………….

Units ……………………………………………………………………...

(3)

TOTAL 8 marks.

11.
A vessel containing 1.0 mol of methane and 2.0 mol of steam was heated to a temperature T, and left until the reaction shown below had come to equilibrium.



CH4 (g) + 2H2O (g) 
[image: image15.wmf]
CO2 (g) + 4H2 (g)

The total pressure in the vessel was then found to be 3000kPa and analysis of the equilibrium mixture indicated that 0.2 mol of carbon dioxide had been formed.

(a) Write an expression for the equilibrium constant Kp for this reaction.

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

(1)

(b) Calculate the number of moles of CH4, H2O and H2 in the equilibrium mixture.

Moles of CH4 …………………………………………………………………….

Moles of H2O …………………………………………………………………….

Moles of H2  ………………………………………………………………………

(3)

(c) (i)
Give an equation which relates the partial pressure of a gas in a mixture 

of gases to the total pressure of the gaseous mixture.

…………………………………………………………………………….

(iii) Calculate the partial pressure of CO2 present in the mixture

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(4)

(d)
The partial pressures in kPa of the other gases in the equilibrium mixture are CH4 705.9, H2O 1411.8, H2 705.9


Calculate the value of the equilibrium constant Kp at the temperature T and state its units


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

(3)

TOTAL 11 marks

12.
At a temperature of 107oC, the reaction



CO (g)   + 2H2 (g)
[image: image16.wmf]
CH3OH (g)

Reaches equilibrium under pressure of 1.59 Mpa with 0.122 mol of carbon monoxide and 0.298 mol of hydrogen present at equilibrium in a vessel of volume 1.04 dm3

Use this data to answer the following questions.

(a) Assuming ideal gas behaviour, determine the total number of moles of gas 

present.  Hence calculate the total number of moles of methanol in the equilibrium mixture

Total moles …………………………………………………………………. ……………………………………………………………………………….

Moles of methanol  ………………………………………………………….. ……………………………………………………………………………….

(3)

(b) Calculate the value of the equilibrium constant, Kc for this reaction and state its units.

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

(3)

(c) (i)
Write an expression for the equilibrium constant, Kp for this equilibrium

(ii) Calculate the mole fraction of each of the three gases present in the equilibrium mixture

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(iii) Calculate the partial pressure of hydrogen present in the equilibrium mixture.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(iv) Calculate the value of the equilibrium constant Kp and state its units.

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

(8)

TOTAL 14 marks
13.
As a first step in a manufacture of nitric acid it has been suggested that nitrogen monoxide NO, can be formed from nitrogen and oxygen in a reversible reaction.

(a)
Write an equation for this reaction and deduce an expression for the equilibrium constant Kc.


Equation ………………………………………………………………………….


Kc 

(2)

(b)
The sketch graph below shows how the value of Kc for this reaction changes with temperature.



[image: image17.wmf]K
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Use this graph to deduce whether the reaction is exothermic or endothermic.  Explain your answer.


…………………………………………………………………………………………………………………………………………………………………… (2)


(c)
The value of Kc for this reaction is 1 x 10-5 at 1500 K

Explain the significance of this value for an industrial chemist interested in manufacturing nitrogen monoxide by the direct combination of the elements.

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

(2)

(d) When cooled, nitrogen monoxide reacts with oxygen to form gaseous nitrogen dioxide NO2, in a reversible reaction.

(i) Write an equation for this reaction.

(ii) …………………………………………………………………………….

(iii) State how an increase in pressure would change the position of the equilibrium and the value of the rate constant for this reaction.

Change in equilibrium position ………………………………………… …………………………………………………………………………….

Change in equilibrium constant …………………………………………. …………………………………………………………………………….

(3)

TOTAL 9 marks

14.
Sulphuric acid is manufactured by the contact process. One stage of the process is the oxidation of sulphur dioxide according to the equation.




 2SO2 (g)  +  O2 (g) 
[image: image18.wmf]
2SO3 (g)
H[image: image19.wmf] = 
-196 kJ mol‑1

Typical operating conditions are a temperature of about 450 oC, close to atmospheric pressure and the presence of a catalyst.  The use of a converter containing four catalyst beds results in a 99.5 % conversion

(a)
Write an expression for the equilibrium constant, Kp for the oxidation of sulphur dioxide by oxygen

(2)
(b)
The values for the equilibrium constant, Kp at 25oC and 427oC are 4.0 x 1024 atm-1 and 3.0 x104 atm-1 respectively.

(i) Explain why Kp varies with temperature.

…………………………………………………………………………………………………………………………………………………………

(2)

(ii) Suggest why the conversion is carried out at about 450 0C.

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

(2)

(c)
(i)
State why the conversion of sulphur dioxide into sulphur trioxide would 

be favoured by high pressure

…………………………………………………………………………….

(1)

(ii)
Suggest two reasons why the conversion is carried out at close to atmospheric pressure


…………………………………………………………………………………………………………………………………………………………

(2)

TOTAL 9 marks
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