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SECTION A

Questions 1 – 8 only have one correct answer.

1.
This question relates to the equilibrium gas-phase synthesis of sulphur trioxide:

2SO2(g)  +  O2(g)  [image: image1.wmf]  2SO3(g)


Thermodynamic data for the components of this equilibrium are:

	Substance
	Hf[image: image2.wmf]/kJ mol–1
	S[image: image3.wmf]/J K–1 mol–1

	SO3(g)
	–396
	+257

	SO2 g)
	–297
	+248

	O2 g)
	0
	+204



This equilibrium, at a temperature of 585 K and a total pressure of 540 kPa, occurs in a vessel of volume 1.80 dm3. At equilibrium, the vessel contains 0.0500 mol of SO2(g), 0.0800 mol of O2(g) and 0.0700 mol of SO3(g).


The mole fraction of SO3 in the equilibrium mixture is

A
0.250

B
0.350

C
0.440

D
0.700

	
	
	
	
	
	
	
	
	Answer:
	


2.
This question relates to the equilibrium gas-phase synthesis of sulphur trioxide:

2SO2(g)  +  O2(g)  [image: image4.wmf]  2SO3(g)


Thermodynamic data for the components of this equilibrium are:

	Substance
	Hf[image: image5.wmf]/kJ mol–1
	S[image: image6.wmf]/J K–1 mol–1

	SO3(g)
	–396
	+257

	SO2 g)
	–297
	+248

	O2 g)
	0
	+204



This equilibrium, at a temperature of 585 K and a total pressure of 540 kPa, occurs in a vessel of volume 1.80 dm3. At equilibrium, the vessel contains 0.0500 mol of SO2(g), 0.0800 mol of O2(g) and 0.0700 mol of SO3(g).


With pressures expressed in MPa units, the value of the equilibrium constant, Kp, is

A
4.90

B
6.48

C
9.07

D
16.8

	
	
	
	
	
	
	
	
	Answer:
	


3.
This question relates to the equilibrium gas-phase synthesis of sulphur trioxide:

2SO2(g)  +  O2(g)  [image: image7.wmf]  2SO3(g)


Thermodynamic data for the components of this equilibrium are:

	Substance
	Hf[image: image8.wmf]/kJ mol–1
	S[image: image9.wmf]/J K–1 mol–1

	SO3(g)
	–396
	+257

	SO2 g)
	–297
	+248

	O2 g)
	0
	+204



This equilibrium, at a temperature of 585 K and a total pressure of 540 kPa, occurs in a vessel of volume 1.80 dm3. At equilibrium, the vessel contains 0.0500 mol of SO2(g), 0.0800 mol of O2(g) and 0.0700 mol of SO3(g).


Possible units for the equilibrium constant Kp include

A
no units

B
kPa

C
Mpa–1
D
kPa–2
	
	
	
	
	
	
	
	
	Answer:
	


4.
The following information concerns the equilibrium gas-phase synthesis of methanol.

CO(g)  +  2H2(g)  [image: image10.wmf]  CH3OH(g)


At equilibrium, when the temperature is 68 °C, the total pressure is 1.70 MPa.
The number of moles of CO, H2 and CH3OH present are 0.160, 0.320 and 0.180, respectively.


Thermodynamic data are given below.

	Substance
	Hf[image: image11.wmf]/kJ mol–1
	S[image: image12.wmf]/J K–1 mol–1

	CO(g)
	–110
	198

	H2(g)
	0
	131

	CH3OH(g)
	–201
	240



Possible units for the equilibrium constant, Kp, for this reaction are

A
no units

B
kPa

C
MPa–1
D
kPa–2
	
	
	
	
	
	
	
	
	Answer:
	


5.
The following information concerns the equilibrium gas-phase synthesis of methanol.

CO(g)  +  2H2(g)  [image: image13.wmf]  CH3OH(g)


At equilibrium, when the temperature is 68 °C, the total pressure is 1.70 MPa.
The number of moles of CO, H2 and CH3OH present are 0.160, 0.320 and 0.180, respectively.


Thermodynamic data are given below.

	Substance
	Hf[image: image14.wmf]/kJ mol–1
	S[image: image15.wmf]/J K–1 mol–1

	CO(g)
	–110
	198

	H2(g)
	0
	131

	CH3OH(g)
	–201
	240



The mole fraction of hydrogen in the equilibrium mixture is

A
0.242

B
0.485

C
0.653

D
0.970

	
	
	
	
	
	
	
	
	Answer:
	


6.
The following information concerns the equilibrium gas-phase synthesis of methanol.

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


At equilibrium, when the temperature is 68 °C, the total pressure is 1.70 MPa.
The number of moles of CO, H2 and CH3OH present are 0.160, 0.320 and 0.180, respectively.


Thermodynamic data are given below.

	Substance
	Hf[image: image17.wmf]/kJ mol–1
	S[image: image18.wmf]/J K–1 mol–1

	CO(g)
	–110
	198

	H2(g)
	0
	131

	CH3OH(g)
	–201
	240



With pressures expressed in MPa units, the value of the equilibrium constant, Kp, under these conditions is

A
1.37

B
1.66

C
2.82

D
4.80

	
	
	
	
	
	
	
	
	Answer:
	


7.
The following information concerns the equilibrium gas-phase synthesis of methanol.

CO(g)  +  2H2(g)  [image: image19.wmf]  CH3OH(g)


At equilibrium, when the temperature is 68 °C, the total pressure is 1.70 MPa.
The number of moles of CO, H2 and CH3OH present are 0.160, 0.320 and 0.180, respectively.


Thermodynamic data are given below.

	Substance
	Hf[image: image20.wmf]/kJ mol–1
	S[image: image21.wmf]/J K–1 mol–1

	CO(g)
	–110
	198

	H2(g)
	0
	131

	CH3OH(g)
	–201
	240


Which one of the following statements applies to this equilibrium?

A
The value of Kp increases if the temperature is raised.

B
The value of Kp increases if the pressure is raised.

C
The yield of methanol decreases if the temperature is lowered.

D
The yield of methanol decreases if the pressure is lowered.

	
	
	
	
	
	
	
	
	Answer:
	


8.
The equilibrium constant, Kc, for a reaction which leads to ozone (O3) formation is

[image: image22.wmf][
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More ozone is formed as the temperature rises. Which one of the following is true at equilibrium?

A
When ozone molecules collide with nitrogen they may form nitrogen monoxide.

B
The enthalpy change for the reaction has a negative sign.

C
Less ozone is formed at high pressure.

D
At a fixed temperature, the magnitude of Kc increases as the concentration of NO decreases.

	
	
	
	
	
	
	
	
	Answer:
	


For questions 9 and 10 use the following table to answer the questions:

	Summarised directions for recording responses to multiple completion questions

	A
(i), (ii) and (iii) correct only
	B
(i) and (iii) correct only
	C
(ii) and (iv) correct only
	D
(iv) alone correct


9.
Which of the following statements about a catalyst is/are true?
(i)
It speeds up the forward reaction and slows down the reverse reaction.

(ii)
It increases the proportion of molecules with higher energies.

(iii)
A homogeneous catalyst usually acts in the solid state.

(iv)
It does not alter the value of the equilibrium constant.

	
	
	
	
	
	
	
	
	Answer:
	


10.
Which of the following statements is/are true concerning the equilibrium?

H2(g) + I2(g) [image: image23.wmf] 2HI(g)
H = –10.4 kJ mol–1
(i)
The equilibrium constant Kc has no units.

(ii)
Increasing the total pressure has no effect on the equilibrium position.

(iii)
Adding a catalyst has no effect on the equilibrium position.

(iv)
Increasing the temperature shifts the equilibrium to the right.

	
	
	
	
	
	
	
	
	Answer:
	


SECTION B
11.
Acid X reacts with methanol to form ester Y according to the following equation. 
[image: image24]

A mixture of 0.25 mol of X and 0.34 mol of methanol was left to reach equilibrium in the presence of a small amount of concentrated sulphuric acid. The equilibrium mixture thus formed contained 0.13 mol of Y in a total volume of V dm3.

(a)
Name X.

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

(1)

(b)
Using X to represent the acid and Y to represent the ester, write an expression for the equilibrium constant, Kc, for this reaction.

(1)

(c)
Calculate the number of moles of X, the number of moles of methanol and the number of moles of water in the equilibrium mixture.

Moles of X ..............................................................................................................

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

Moles of water .........................................................................................................

(3)

(d)
State why the volume V need not be known in calculating the value of Kc for the reaction.

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

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

(1)

(e)
Calculate the value of Kc for this reaction and deduce its units.

Calculation .............................................................................................................

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

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

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

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

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

(3)

(f)
State the effect, if any, of increasing the temperature on the value of Kc
................................................................................................................................

(1)

(Total 10 marks)

12.
When heated, dinitrogen tetroxide, N2O4, dissociates to form nitrogen dioxide, NO2, as shown by the equation


N2O4(g) [image: image25.wmf] 2NO2(g)

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

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

(b)
In an experiment, 1.00 mol of gaseous dinitrogen tetroxide was sealed in a flask and heated to 360 K. When equilibrium had been established, the total pressure in the flask was 150 kPa and the gaseous mixture contained 0.91 mol of dinitrogen tetroxide.

(i)
Calculate the total number of moles of gas present at equilibrium.

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

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

.......................................................……...........................................................
.......................................................……...........................................................
.......................................................……...........................................................
.......................................................……...........................................................
(iii)
Calculate the partial pressure of each of the gases in the equilibrium mixture.

.......................................................……...........................................................
.......................................................……...........................................................
.......................................................……...........................................................
.......................................................……...........................................................
(iv)
Hence, calculate the equilibrium constant, Kp, for this equilibrium at 360 K and state its units.

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

.......................................................……...........................................................
(8)

(c)
An inert gas was introduced into the equilibrium mixture which was held in a vessel of constant volume. State the change, if any, in

(i)
the partial pressures of NO2(g) and N2O4(g),

.......................................................……...........................................................
(ii)
the equilibrium position.

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

(Total 11 marks)

SECTION C

13.
A 4.54 g sample of PCl5 was heated in a sealed flask at 525 K. Partial decomposition occurred as shown by the equation below.

PCl5(g)  [image: image26.wmf]  PCl3(g)  +  Cl2(g)


At equilibrium, 45.0% of the PCl5 had dissociated and the total pressure in the flask was
91.9 kPa.

Calculate a value for the equilibrium constant Kp of this reaction at 525 K.

(9)

14.
The different methods of manufacturing sulphuric acid are essentially the same in principle and consist of three processes.  These are the production of SO2, the oxidation of SO2 to SO3 and the conversion of SO3 into sulphuric acid.  The equation below shows the second stage in the Contact Process, under the conditions of 450°C and a pressure slightly above atmospheric.

2SO2 + O2 [image: image27.wmf] 2SO3
(a)
Give the name of the catalyst used in the Contact Process.

(1)

(b)
The reaction between SO2 and O2 is exothermic.

 (i)
State and explain the effect of increased pressure on the rate constant.

(2)

(ii)
Write an expression for the equilibrium constant, Kc, for this reaction.  Explain why an increase in temperature causes the value of the equilibrium constant for this reaction to decrease.

(3)

(iii)
State and explain the effect of increased pressure on the equilibrium position of this reaction. Explain why the pressure employed in practice is not that predicted by theory.

(4)
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