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Kc & Kp Past Pape Questions 
 
 

Q1.Ethanol and ethanoic acid react reversibly to form ethyl ethanoate and water according 
to the equation: 

CH3COOH + CH3CH2OH  CH3COOCH2CH3 + H2O 

A mixture of 8.00 × 10–2 mol of ethanoic acid and 1.20 × 10–1 mol of ethanol is 
allowed to reach equilibrium at 20 °C. 

•        The equilibrium mixture is placed in a graduated flask and the volume made up 
to 250 cm3 with distilled water. 

•        A 10.0 cm3 sample of this equilibrium mixture is titrated with sodium hydroxide 
added from a burette. 

•        The ethanoic acid in this sample reacts with 3.20 cm3 of 2.00 × 10–1 mol dm–3 
sodium hydroxide solution. 

 
 
 

(a)     Calculate the value for Kc for the reaction of ethanoic acid and ethanol at 20 
°C.  
Give your answer to the appropriate number of significant figures. 

  

  

  

  

  

Kc ............................................... 
(6) 

 
 
 

(b)     A student obtained the titration results given in Table 1. 

Table 1 
  

    Rough 1 2 3 

  Final burette reading / cm3 4.60 8.65 12.85 16.80 

  Initial burette reading / cm3 0.10 4.65 8.65 12.85 

  Titre / cm3         
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Complete Table 1. 
(1) 

 
 
 

(c)     Calculate the mean titre and justify your choice of titres. 

Calculation 

Mean titre = ....................................................cm3 

Justification .................................................................................................... 

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

 
 
 

(d)     The pH ranges of three indicators are shown in Table 2. 

Table 2 
  

  Indicator pH range 

  Bromocresol green 3.8–5.4 

  Bromothymol blue 6.0–7.6 

  Thymol blue 8.0–9.6 

 

Select from Table 2 a suitable indicator for the titration of ethanoic acid with 
sodium hydroxide. 

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

 
 
 

(e)     The uncertainty in the mean titre for this experiment is ±0.15 cm3. 

Calculate the percentage uncertainty in this mean titre. 
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Percentage uncertainty = .................................. % 
(1) 

 
 
 

(f)     Suggest how, using the same mass of ethanoic acid, the experiment could be 
improved to reduce the percentage uncertainty. 

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

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

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

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

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

(Total 13 marks) 
 
 
 
 
 

Q2.Colourless solutions of X(aq) and Y(aq) react to form an orange solution of Z(aq) 
according to the following equation. 

X(aq)  +  2Y(aq)    Z(aq)    ΔH = −20 kJ mol−1 

A student added a solution containing 0.50 mol of X(aq) to a solution containing 0.50 
mol of Y(aq) and shook the mixture. 
After 30 seconds, there was no further change in colour. 
The amount of Z(aq) at equilibrium was 0.20 mol. 

(a)     Deduce the amounts of X(aq) and Y(aq) at equilibrium. 

  

  

  

  

Amount of X(aq) = ............... mol       Amount of Y(aq) = ............... mol 
(2) 

 
 
 

(b)     On the grid below, draw a graph to show how the amount of Z(aq) changed 
from the time of initial mixing until 60 seconds had elapsed. 
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(3) 

 
 
 

(c)     The student prepared another equilibrium mixture in which the equilibrium 
concentrations of X and Z were: 
X(aq) = 0.40 mol dm−3 and Z(aq) = 0.35 mol dm−3. 

For this reaction, the equilibrium constant Kc = 2.9 mol−2 dm6. 
Calculate a value for the concentration of Y at equilibrium. 
Give your answer to the appropriate number of significant figures. 

  

  

  

  

[Y] = ...................... mol dm−3 

(3) 
 
 
 

(d)     The student added a few drops of Y(aq) to the equilibrium mixture of X(aq), 
Y(aq) and Z(aq) in part (c). 
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Suggest how the colour of the mixture changed. Give a reason for your 
answer. 

Colour change ................................................................................................ 

Reason ........................................................................................................... 

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

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

........................................................................................................................ 
(3) 

 
 
 

(e)     The student warmed the equilibrium mixture from part (c). 

Predict the colour change, if any, when the equilibrium mixture was warmed. 

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

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

(Total 12 marks) 
 
 
 
 
 

Q3.Sulfur dioxide reacts with oxygen to form sulfur trioxide according to the equation 

2SO2(g)  +  O2(g)        2SO3(g) 

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

Kc .................................................................................................................... 

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

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

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

 
 
 

(b)     Samples of sulfur dioxide, oxygen and sulfur trioxide were added to a flask of 
volume 1.40 dm3 and allowed to reach equilibrium at a given temperature. 
The flask contained 0.0550 mol of sulfur dioxide and 0.0720 mol of sulfur 
trioxide at equilibrium. 
Kc has the numerical value of 27.9 under these conditions. 

Calculate the amount, in moles, of oxygen gas in this equilibrium mixture. 
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........................................................................................................................ 

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

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

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

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

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

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

........................................................................................................................ 
(3) 

 
 
 

(c)     The experiment in (b) was repeated with the same amounts of sulfur dioxide, 
oxygen and sulfur trioxide at the same temperature but in a smaller flask. 
The mixture was allowed to reach equilibrium. 

(i)      State the effect, if any, of using a smaller flask on the value of Kc 

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

 
 
 

(ii)     State the effect, if any, of using a smaller flask on the amount of sulfur 
trioxide at equilibrium. 
Explain your answer. 

Effect ..................................................................................................... 

Explanation ............................................................................................ 

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

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

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

............................................................................................................... 
(3) 

(Total 9 marks) 
 
 
 
 
 

Q4.A dynamic equilibrium is established when gas A is mixed with gas B at a given 
temperature. 
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A(g) + B(g)      C(g) + D(g) 

The figure below shows how the concentrations of reactants and products change 
with time. 

  

(a)     (i)      On the appropriate axis of the figure, place an X to show the time when 
equilibrium is first established. 

(1) 
 
 
 

(ii)     State how the rate of the forward reaction and the rate of the reverse 
reaction are related to each other at equilibrium. 

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

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

 
 
 

(b)     Give the meaning of the term dynamic in the context of a dynamic equilibrium. 

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

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

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

 
 
 

(c)     The total pressure on the system is increased at constant temperature. 

(i)      State and explain the effect, if any, of this change on the position of this 
equilibrium. 

Effect ..................................................................................................... 
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Explanation ........................................................................................... 

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

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

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

 
 
 

(ii)     State and explain the effect, if any, of this change on the time taken to 
reach this equilibrium. 

Effect ..................................................................................................... 

Explanation ........................................................................................... 

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

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

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

............................................................................................................... 
(3) 

(Total 8 marks) 
 
 
 
 
 

Q5.This question is about the gaseous equilibrium between compounds E, F and G as 
shown in the equation. 

E (g)    +    2F(g)     2G(g)         ΔH = –50 kJ mol–1 

(a)     A 2.0 mol sample of E was heated in a sealed container with a 1.0 mol sample 
of F. 
Equilibrium was established at a given temperature and the equilibrium 
mixture formed contained 0.80 mol of G. 

Calculate the amount, in moles, of E and of F in this equilibrium mixture. 

Moles of E ...................................................................................................... 

Moles of F ...................................................................................................... 
(2) 

 
 
 

(b)     Write an expression for the equilibrium constant Kc for this equilibrium. 
State the units of Kc 

Expression ..................................................................................................... 
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........................................................................................................................ 

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

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

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

 
 
 

(c)     A different mixture of E and F reached equilibrium at temperature T1 in a 
container ofvolume 1.50 dm3. This equilibrium mixture contained 2.50 mol of E, 
1.20 mol of F and 0.85 mol of G. 

Calculate a value of Kc for the equilibrium at temperature T1 

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

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

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

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

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

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

 
 
 

(d)     The mixture in part (c) was allowed to reach equilibrium at temperature T1 in a 
different container of volume 3.00 dm3. 

State whether the amount of G in the equilibrium mixture will increase, 
decrease or stay the same. Explain your answer. 

Effect on the amount of G .............................................................................. 

Explanation .................................................................................................... 

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

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

........................................................................................................................ 
(3) 

 
 
 

(e)     The mixture in part (c) was allowed to reach equilibrium at temperature T2 in 
the original container of volume 1.50 dm3. 

The value of Kc for the equilibrium was found to have increased. 
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State and explain which of T1 or T2 is the higher temperature. 

Higher temperature ........................................................................................ 

Explanation .................................................................................................... 

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

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

........................................................................................................................ 
(3) 

(Total 12 marks) 
 
 
 
 
 

Q6.Ethanol is an important industrial compound. 

(a)     Ethanol can be produced by the hydration of ethene. 
The equation for the equilibrium that is established is 

H2C=CH2(g)   +   H2O(g)       CH3CH2OH(g) ΔH = −42 kJ mol−1 

The operating conditions for the process are a temperature of 300 oC and a 
pressure of 7 MPa. 
Under these conditions, the conversion of ethene into ethanol is 5%. 

(i)      Identify the catalyst used in this process. 
Deduce how an overall yield of 95% is achieved in this process without 
changing the operating conditions. 

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

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

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

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

 
 
 

(ii)     Use your knowledge of equilibrium reactions to explain why a 
manufacturer might consider using an excess of steam in this process, 
under the same operating conditions. 

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

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

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

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

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

............................................................................................................... 
(3) 

 
 
 

(iii)    At pressures higher than 7 MPa, some of the ethene reacts to form a 
solid with a relative molecular mass greater than 5000. 

Deduce the identity of this solid. 

Give one other reason for not operating this process at pressures higher 
than 7 MPa. 
Do not include safety reasons. 

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

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

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

 
 
 

(b)     Write an equation for the reaction that has an enthalpy change that is the 
standard enthalpy of formation of ethanol. 

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

 
 
 

(c)     When ethanol is used as a fuel, it undergoes combustion. 

(i)      Define the term standard enthalpy of combustion. 

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

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

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

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

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

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

............................................................................................................... 
(3) 
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(ii)     Consider these bond enthalpy data. 
  

    C–H C–C C–O O=O C=O O–H 

  Bond enthalpy / kJ mol−1 412 348 360 496 805 463 

 

Use these data and the equation to calculate a value for the enthalpy of 
combustion of gaseous ethanol. 

CH3CH2OH(g)   +   3O2(g)        2CO2(g)   +   3H2O(g) 

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

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

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

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

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

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

............................................................................................................... 
(3) 

 
 
 

(d)     Gaseous ethanol can be used to convert hot copper(II) oxide into copper. 

(i)      Deduce the role of ethanol in this reaction. 

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

 
 
 

(ii)     Draw the structure of the organic compound with Mr = 60 that is 
produced in this reaction. 

(1) 
(Total 17 marks) 

 
 
 
 
 

Q7.(a)     A mixture of 1.50 mol of hydrogen and 1.20 mol of gaseous iodine was sealed in a 
container of volume V dm3. The mixture was left to reach equilibrium as shown by 
the following equation. 
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H2(g) + l2(g)  2Hl(g) 

 

At a given temperature, the equilibrium mixture contained 2.06 mol of 
hydrogen iodide. 

(i)      Calculate the amounts, in moles, of hydrogen and of iodine in the 
equilibrium mixture. 

Moles of hydrogen ................................................................................ 

Moles of iodine ...................................................................................... 
(2) 

 
 
 

(ii)     Write an expression for the equilibrium constant (Kc) for this equilibrium. 

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

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

 
 
 

(iii)    Kc for this equilibrium has no units. 
State why the units cancel in the expression for Kc 

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

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

 
 
 

(iv)     A different mixture of hydrogen, iodine and hydrogen iodide was left to 
reach equilibrium at the same temperature in a container of the same 
volume. 
This second equilibrium mixture contained 0.38 mol of hydrogen, 0.19 
mol of iodine and 1.94 mol of hydrogen iodide. 

Calculate a value for Kc for this equilibrium at this temperature. 

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

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

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

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

(Extra space) ........................................................................................ 
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............................................................................................................... 
(2) 

 
 
 

(b)     This question concerns changes made to the four equilibria shown in parts 
(b)(i) to (b)(iv). 
In each case, use the information in the table to help you choose from the 
letters A to E the best description of what happens as a result of the change 
described. Write your answer in the box. 

Each letter may be used once, more than once or not at all. 
  

  Position of equilibrium Value of equilibrium constant, Kc 

A remains the same same 

B moves to the right same 

C moves to the left same 

D moves to the right different 

E moves to the left different 

 

(i)      Change: increase the temperature of the equilibrium mixture at constant 
pressure. 

H2(g)     +     I2(g)          2Hl(g)∆Hϴ = +52 kJ mol–1    
(1) 

 
 
 

(ii)     Change: increase the total pressure of the equilibrium mixture at 
constant temperature. 

3H2(g)     +     N2(g)          2NH3(g)∆Hϴ = -92 kJ mol–1    
(1) 

 
 
 

(iii)    Change: add a catalyst to the equilibrium mixture at constant 
temperature. 

CO(g)   +   H2O(g)      CO2(g)   +   H2(g)∆Hϴ = -41 kJ mol–
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1    
(1) 

 
 
 

(iv)    Change: add chlorine to the equilibrium mixture at constant temperature. 

PCl5(g)          PCl3(g)     +     Cl2(g)∆Hϴ = +93 kJ mol–1    
(1) 

(Total 10 marks) 

  

 
 

  
 
 
 

Q8.          At high temperatures, SO2Cl2 dissociates according to the following equation. 

SO2Cl2(g)    SO2(g)  +  Cl2(g)               ΔH  = +93 kJ mol–1 

When 1.00 mol of SO2Cl2 dissociates, the equilibrium mixture contains 0.75 mol of Cl2 
at 673 K and a total pressure of 125 kPa. 

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

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

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

 
 
 

(b)     Calculate the total number of moles of gas present in the equilibrium mixture. 

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

 
 
 

(c)     (i)      Write a general expression for the partial pressure of a gas in a mixture 
of gases in terms of the total pressure. 

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

 
 
 

(ii)     Calculate the partial pressure of SO2Cl2 and the partial pressure of Cl2 in 
the equilibrium mixture. 

Partial pressure of SO2Cl2 ................................................................... 

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

Partial pressure of Cl2 .......................................................................... 

............................................................................................................. 
(5) 

 
 
 

(d)     Calculate a value for the equilibrium constant, Kp, for this reaction and give its 
units. 

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

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

...................................................................................................................... 
(3) 

 
 
 

(e)     State the effect, if any, of an increase in temperature on the value of Kp for this 
reaction. 
Explain your answer. 

Effect on Kp .................................................................................................. 

Explanation .................................................................................................. 

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

 
 
 

(f)      State the effect, if any, of an increase in the total pressure on the value of Kp 
for this reaction. 

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

(Total 14 marks) 
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Q9.          When a mixture of 0.345 mol of PCl3 and 0.268 mol of Cl2 was heated in a vessel 
of fixed volume to a constant temperature, the following reaction reached 
equilibrium. 

PCl3(g)   +   Cl2(g)      PCl5(g)           H  = –93 kJ mol–1 

At equilibrium, 0.166 mol of PCl5 had been formed and the total pressure was 225 
kPa. 

(a)     (i)      Calculate the number of moles of PCl3 and of Cl2 in the equilibrium 
mixture. 

Moles of PCl3 ...................................................................................... 

Moles of Cl2 ......................................................................................... 

 
 
 

(ii)     Calculate the total number of moles of gas in the equilibrium mixture. 

............................................................................................................. 
(3) 

 
 
 

(b)     Calculate the mole fraction and the partial pressure of PCl3 in the equilibrium 
mixture. 

Mole fraction of PCl3 ..................................................................................... 

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

Partial pressure of PCl3 ................................................................................ 

...................................................................................................................... 
(3) 

 
 
 

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

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

............................................................................................................. 
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(ii)     The partial pressures of Cl2 and PCl5 in the equilibrium mixture were 51.3 
kPa and 83.6 kPa, respectively, and the total pressure remained at 225 
kPa. Calculate the value of Kp at this temperature and state its units. 

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

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

............................................................................................................. 
(4) 

 
 
 

(d)     State the effect on the mole fraction of PCl3 in the equilibrium mixture if 

(i)      the volume of the vessel were to be increased at a constant temperature, 

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

(ii)     the temperature were to be increased at constant volume. 

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

(Total 12 marks) 

  

 
 

  
 
 
 

Q10.          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 × 104 kPa. 

2H2(g)   +   CO(g)      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 in the equilibrium mixture. 

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

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

 
 
 

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

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

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

............................................................................................................. 
(5) 

 
 
 

(b)     In a different mixture of the 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) 

 
 
 

(c)     Two isomeric esters E and F formed from methanol have the molecular 
formula C6H12O2 

Isomer E has only 2 singlet peaks in its proton n.m.r. spectrum. 

Isomer F is optically active. 

Draw the structures of these two isomers. 

Isomer E 
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Isomer F 

  

  

  

  

  
(2) 

(Total 10 marks) 

 
 
 
 

Q11.Many chemical processes release waste products into the atmosphere. Scientists are 
developing new solid catalysts to convert more efficiently these emissions into useful 
products, such as fuels. One example is a catalyst to convert these emissions into 
methanol. The catalyst is thought to work by breaking a H–H bond. 

An equation for this formation of methanol is given below. 

CO2(g) + 3H2(g)  CH3OH(g) + H2O(g)    ∆H = −49 kJ mol−1 

Some mean bond enthalpies are shown in the following table. 
  

  Bond C=O C–H C–O O–H 

  Mean bond enthalpy / kJ mol−1 743 412 360 463 

  
 
 

(a)     Use the enthalpy change for the reaction and data from the table to calculate a 
value for the H–H bond enthalpy. 

  

  

  

  

H–H bond enthalpy = ............................... kJ mol−1 
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(3) 
 
 
 

(b)     A data book value for the H–H bond enthalpy is 436 kJ mol−1. 

Suggest one reason why this value is different from your answer to part (a). 

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

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

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

 
 
 

(c)     Suggest one environmental advantage of manufacturing methanol fuel by this 
reaction. 

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

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

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

 
 
 

(d)     Use Le Chatelier's principle to justify why the reaction is carried out at a high 
pressure rather than at atmospheric pressure. 

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

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

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

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

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

........................................................................................................................ 
(3) 

 
 
 

(e)     Suggest why the catalyst used in this process may become less efficient if the 
carbon dioxide and hydrogen contain impurities. 

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

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

 
 
 

(f)      In a laboratory experiment to investigate the reaction shown in the equation 
below, 1.0 mol of carbon dioxide and 3.0 mol of hydrogen were sealed into a 
container. After the mixture had reached equilibrium, at a pressure of 500 kPa, 
the yield of methanol was 0.86 mol. 

CO2(g) + 3H2(g)  CH3OH(g) + H2O(g) 

Calculate a value for Kp 

Give your answer to the appropriate number of significant figures. 
Give units with your answer. 

  

  

  

  

  

  

  

  

  

  

  

Kp = ............................... Units = ............................... 
(7) 

(Total 16 marks) 
 
 
 
 
 

Q12.          A sealed flask containing gases X and Y in the mole ratio 1:3 was maintained at 
600 K until the following equilibrium was established. 

X(g) + 3Y(g)  2Z(g) 

The partial pressure of Z in the equilibrium mixture was 6.0 MPa when the total 
pressure was 22.0 MPa. 

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

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

 
 
 

(ii)     Calculate the partial pressure of X and the partial pressure of Y in the 
equilibrium mixture. 

Partial pressure of X ........................................................................... 

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

Partial pressure of Y ............................................................................ 

 
 
 

(iii)     Calculate the value of Kp for this reaction under these conditions and 
state its units. 

Value of Kp .......................................................................................... 

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

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

Units of Kp ........................................................................................... 
(6) 

 
 
 

(b)     When this reaction is carried out at 300 K and a high pressure of 100 MPa, 
rather than at 600 K and 22.0 MPa, a higher equilibrium yield of gas Z is 
obtained. 

Give two reasons why an industrialist is unlikely to choose these reaction 
conditions. 

Reason 1 ..................................................................................................... 

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

(Total 8 marks) 
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Q13.          Sulphur dioxide and oxygen were mixed in a 2:1 mol ratio and sealed in a flask 
with a catalyst. 
The following equilibrium was established at temperature T1 

2SO2(g) + O2(g)    2SO3(g)              ΔH  =  –196 kJ mol–1 

The partial pressure of sulphur dioxide in the equilibrium mixture was 24 kPa and the 
total pressure in the flask was 104 kPa. 

(a)     Deduce the partial pressure of oxygen and hence calculate the mole fraction of 
oxygen in the equilibrium mixture. 

Partial pressure of oxygen ........................................................................... 

Mole fraction of oxygen ................................................................................ 

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

...................................................................................................................... 
(3) 

 
 
 

(b)     Calculate the partial pressure of sulphur trioxide in the equilibrium mixture. 

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

 
 
 

(c)     Write an expression for the equilibrium constant, Kp, for this reaction. Use this 
expression to calculate the value of Kp at temperature T1 and state its units. 

Expression for Kp .........................................................................…............. 

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

Calculation .................................................................................…............... 

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

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

Units ............................................................................................................. 
(4) 

 
 
 

(d)     When equilibrium was established at a different temperature, T2, the value of Kp 
was found to have increased. State which of T1 and T2 is the lower temperature 
and explain your answer. 

Lower temperature........................................................................................ 
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Explanation ................................................................................................... 

...................................................................................................................... 
(3) 

 
 
 

(e)     In a further experiment, the amounts of sulphur dioxide and oxygen used, the 
catalyst and the temperature, T1, were all unchanged, but a flask of smaller 
volume was used. 

Deduce the effect of this change on the yield of sulphur trioxide and on the 
value of Kp. 

Effect on yield of SO3 ...................................................…............................ 

Effect on Kp ................................................................................................... 

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

(Total 13 marks) 

  
  
 
 
 

Q14.          The manufacture of methanol can be achieved in two stages. 

(a)     In the first stage, methane and steam react according to the following equation.  

CH4(g) + H2O(g)  CO(g) + 3H2(g)                           ∆Hο = +210 kJ mol–1 

Discuss, with reasons, the effects of increasing separately the temperature 
and the pressure on the yield of the products and on the rate of this reaction. 

(6) 
 
 
 

(b)     In the second stage, carbon monoxide and hydrogen react according to the 
following equation.  

CO(g) + 2H2(g)  CH3OH(g) 

A 62.8 mol sample of carbon monoxide was added to 146 mol of hydrogen. 
When equilibrium was reached at a given temperature, the mixture contained 
26.2 mol of methanol at a total pressure of 9.50 MPa.  

Write an expression for the equilibrium constant, Kp, for this reaction. Calculate 
a value for Kp at this temperature and give its units. 

(8) 
(Total 14 marks) 
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Q15.          (a)     The gaseous reactants W and X were sealed in a flask and the mixture 
left until the following equilibrium had been established. 

2W(g)  +  X(g)    3Y(g)  +  2Z(g)        ΔH = –200 kJ mol–1 

Write an expression for the equilibrium constant, Kp, for this reaction. 
State one change in the conditions which would both increase the rate of 
reaction and decrease the value of Kp. Explain your answers. 

(7) 
 
 
 

(b)     Ethyl ethanoate can be prepared by the reactions shown below. 

          Reaction 1 

CH3COOH(l) + C2H5OH(l)    CH3COOC2H5(l) + H2O(l)      ∆H  = –2.0 kJ mol–

1 

          Reaction 2 

CH3COCl(l) + C2H5OH(l) → CH3COOC2H5(l) + HCl(g)            ∆H  = –21.6 kJ 
mol–1 

(i)      Give one advantage and one disadvantage of preparing ethyl ethanoate 
by Reaction 1 rather than by Reaction 2. 

 
 
 

(ii)     Use the information given above and the data below to calculate values 

for the standard entropy change, ∆S , and the standard free-energy 

change, ∆G , for Reaction 2 at 298 K. 
  

  CH3COCl(l) C2H5OH(l) CH3COOC2H5(l) HCl(g) 

S /JK1mol1 201 161 259 187 

 
(8) 

(Total 15 marks) 

  


