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Q1.

Nitrogen and hydrogen were mixed in a 1:3 mole ratio and left to reach equilibrium in a
flask at a temperature of 550 K. The equation for the reaction between nitrogen and
hydrogen is shown.

N2(g) + 3H2(g) = 2NHs(g)

(@) When equilibrium was reached, the total pressure in the flask was 150 kPa and the
mole fraction of NHs(g) in the mixture was 0.80

Calculate the partial pressure of each gas in this equilibrium mixture.

Partial pressure of nitrogen kPa
Partial pressure of hydrogen kPa
Partial pressure of ammonia kPa

(3)
(b) Give an expression for the equilibrium constant (K;) for this reaction.

Ko

(1)

(c) Inadifferent equilibrium mixture, under different conditions, the partial pressures of
the gases are shown in the table.

Gas Partial pressure / kPa
N. 1.20 x 10?
H. 1.50 x 10?
NH, 1.10 x 10°

Calculate the value of the equilibrium constant (K;) for this reaction and give its
units.
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K, Units

(2)
(d) The enthalpy change for the reaction is =92 kJ mol~

State the effect, if any, of an increase in temperature on the value of K, for this
reaction.
Justify your answer.

Effect on K,

Justification

(3)
(Total 9 marks)

Q2.

There are several stages in the industrial production of methanol from methane.

(@) The first stage involves a gaseous equilibrium between the reactants (methane and
steam), and some gaseous products. Figures 1 and 2 show the percentage
conversion of methane into the gaseous products under different conditions at

equilibrium.
Figure 1 Figure 2
100+ 100+
804 80 4
Percentage Percentage
conversion 60+ conversion 60
of methane of methane
at constant 401 at constant 401
pressure 201 temperature 20-
0 L] Ll , 0 L3 L3 . L
600 700 800 900 1000 2000 3000 4000 5000
Temperature / °C Pressure / kPa

Deduce the optimum conditions for the industrial conversion of methane and steam
into the gaseous products.

Explain your deductions.
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(b)

(c)

(6)
The equation shows the final stage in the production of methanol.
CO(g) + 2H2(g) = CH5OH(9g)
20.1 mol of carbon monoxide and 24.2 mol of hydrogen were placed in a sealed

container. An equilibrium was established at 600 K. The equilibrium mixture
contained 2.16 mol of methanol.

Calculate the amount, in moles, of carbon monoxide and of hydrogen in the
equilibrium mixture.

Amount of carbon monoxide = mol

Amount of hydrogen = mol

(2)

A different mixture of carbon monoxide and hydrogen was allowed to reach
equilibrium at 600 K

At equilibrium, the mixture contained 2.76 mol of carbon monoxide, 4.51 mol of
hydrogen and 0.360 mol of methanol. The total pressure was 630 kPa

Calculate a value for the equilibrium constant, K,, for this reaction at 600 K and
state its units.

Value of K, Units

(6)
(Total 14 marks)
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An equilibrium mixture is prepared in a container of fixed volume.
CO(g) + Clxg) = COClx9) AH = -108 kJmol™

The temperature of this mixture is decreased and the mixture is allowed to reach a new
equilibrium.

Which is greater for the new equilibrium than for the original equilibrium?

A The mole fraction of carbon monoxide
B  The partial pressure of chlorine
C  The total pressure of the mixture

D The value of the equilibrium constant, K,
(Total 1 mark)

Q4.

Which statement about K, is correct for this reaction in the gas phase?

W+X+Y,=WXY+Y AH=-46 kJ mol™

A The value of K, is independent of pressure.
B The value of K, increases as pressure
increases. =
c The value of K, increases as temperature
increases. -
D The value of K, is independent of
temperature. -

(Total 1 mark)

Qs.

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.

—

COx(g) + 3Ha(g) = CH,OH(g) + H,0(g) AH = -49 kJ mol

Some mean bond enthalpies are shown in the following table.

Bond C=0 [ CH | C-O| OH

Mean bond enthalpy / kJ mol™’ 743 412 360 463
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(@) 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 = kd mol™

)
(b)  Adata book value for the H-H bond enthalpy is 436 kJ mol™".

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.

()

(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 alaboratory 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.

CO,(g) + 3Ha(g) = CH,OH(g) + H,O(g)

Calculate a value for K,
Give your answer to the appropriate number of significant figures.
Give units with your answer.

K, = Units =

(7
(Total 16 marks)

Q6.

Which change would alter the value of the equilibrium constant (K,) for this reaction?

250,(g) + Oy(g) = 2S04(9)

A Increasing the total pressure of the system.
B Increasing the concentration of sulfur trioxide.
C Increasing the concentration of sulfur dioxide.
D Increasing the temperature.

(Total 1 mark)
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Q7.

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.

(@) (i)  Write an expression for the equilibrium constant, K, for this reaction.

(i)  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 K, for this reaction under these conditions and state its
units.

Value of K,

Units of K,

(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)

8.
. The manufacture of methanol can be achieved in two stages.
(a) Inthe first stage, methane and steam react according to the following equation.
CH.(g) + H,0(g) == CO(g) + 3H,(g) AH° = +210 kJ mol™'
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.
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(b)

(6)

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

CO(g) + 2H,(g) == CH,0H(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, K,, for this reaction. Calculate a
value for K, at this temperature and give its units.
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8)
(Total 14 marks)

Q9.

This question is about the reaction given below.

CO(g) + H:0(g) = COx(g) + Ha(g)

Enthalpy data for the reacting species are given in the table below.

Substance CO(9g) H.O(g) CO4(9) H.(g)

AHS Jkdmol | —110 —242 -394 0

Which one of the following statements is not correct?

A The value of K, changes when the temperature changes.

B The activation energy decreases when the temperature is increased.

C The entropy change is more positive when the water is liquid rather than gaseous.
D

The enthalpy change is more positive when the water is liquid rather than gaseous.
(Total 1 mark)

Q10.

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 T,

— °
2S0,(g) + Ox(g) = 2S04(9) AH™ = —196 kJ mol™

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

(@) 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
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(b)

(c)

(d)

(e)

Q1.

()

Calculate the partial pressure of sulphur trioxide in the equilibrium mixture.

(1)

Write an expression for the equilibrium constant, K,, for this reaction. Use this
expression to calculate the value of K, at temperature T, and state its units.

Expression for Kp

Calculation

Units

(4)

When equilibrium was established at a different temperature, T, the value of K, was
found to have increased. State which of T, and T; is the lower temperature and
explain your answer.

Lower temperature

Explanation

©)

In a further experiment, the amounts of sulphur dioxide and oxygen used, the
catalyst and the temperature, T;, 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
K.

Effect on yield of SO;

Effect on K,

(2)
(Total 13 marks)

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) AH =-200 kJ mol~
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Write an expression for the equilibrium constant, K,, for this reaction.
State one change in the conditions which would both increase the rate of reaction
and decrease the value of K,. Explain your answers.

(7
(b) Ethyl ethanoate can be prepared by the reactions shown below.

Reaction 1
CH;COOH(I) + C,HsOH(I) ~ CH;COOC,Hs(l) + H,O(1) AH® = 2.0 kJ mol~

Reaction 2
CH,COCI(l) + C,HsOH(l) — CH;COOC,Hs(l) + HCI(g) AH® = 21.6 kJ mol

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

(2)

(i)  Use the information given above and the data below to calculate values for the
standard entropy change, AS®, and the standard free-energy change, AGQ,
for Reaction 2 at 298 K.

Page 12 of 39


https://stemup.co.uk

Q12.

CH,COCI())

C.HsOH(l)

CH,COOC,Hs(l)

HCl(g)

S®/JK'mol’ 201

161

259

187

The equation for the combustion of butane in oxygen is

1
C4H1o + 6 2 Oz d 4C02 + 5H20

(6)
(Total 15 marks)

The mole fraction of butane in a mixture of butane and oxygen with the minimum amount
of oxygen required for complete combustion is

A

B
o
Cc

Q13.

At high temperatures, SO,CI, dissociates according to the following equation.

0.133

0.153

0.167

0.200
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When 1.00 mol of SO.CI, dissociates, the equilibrium mixture contains 0.75 mol of Cl, at
673 K and a total pressure of 125 kPa.

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

(1)

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

()

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

(i)  Calculate the partial pressure of SO.Cl, and the partial pressure of Cl, in the
equilibrium mixture.

Partial pressure of SO,Cl,

Partial pressure of Cl,

()

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

@)

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

Effect on K,

Explanation

(2)

(f)  State the effect, if any, of an increase in the total pressure on the value of K, for this
reaction.
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(1)
(Total 14 marks)

Q14.

When a mixture of 0.345 mol of PCI; and 0.268 mol of Cl, was heated in a vessel of fixed
volume to a constant temperature, the following reaction reached equilibrium.

PCli(g) + Cl(g) == PCIls(g) AH® = -93 kJ mol-!
At equilibrium, 0.166 mol of PCIs had been formed and the total pressure was 225 kPa.
(@) (i) Calculate the number of moles of PCI; and of Cl, in the equilibrium mixture.

Moles of PCl;

Moles of Cl,

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

()

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

Mole fraction of PCl;

Partial pressure of PCl;

()

(¢) (i) Write an expression for the equilibrium constant, K,, for this equilibrium.

(i)  The partial pressures of Cl, and PCls 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 K, at this temperature and state its units.

(4)
(d) State the effect on the mole fraction of PCl; in the equilibrium mixture if

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

(2)
(Total 12 marks)

Q15.

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

2S0,(g) + 0:(g) == 2S04(g)

Thermodynamic data for the components of this equilibrium are:

Substance AH,e ! kJ mol~ s0 /J K* mol*
SOs(g) -396 +257
SOx(g) —297 +248
02(9) 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 dm?®. At equilibrium, the vessel contains 0.0500 mol of SO,(g),
0.0800 mol of O,(g) and 0.0700 mol of SO4(g).

The mole fraction of SO; in the equilibrium mixture is

A 0.250
B 0.350
Cc 0.440
D 0.700
(Total 1 mark)
Q16.

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

250,(g) + O.(g) == 2S0s(q)

Thermodynamic data for the components of this equilibrium are:

Substance AH{G / kJ mol™ Se ! J K" mol"
SOs(g) -396 +257
SO,(g) —297 +248
0.(g) 0 +204
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This equilibrium, at a temperature of 585 K and a total pressure of 540 kPa, occurs in a
vessel of volume 1.80 dm?3. At equilibrium, the vessel contains 0.0500 mol of SO,(g),
0.0800 mol of O,(g) and 0.0700 mol of SO4(g).

Possible units for the equilibrium constant K, include

A

B
Cc
D

Q17.

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

Thermodynamic data for the components of this equilibrium are:

no units
kPa
Mpa™

kPa

250,(g) + O.(g) == 2S05(g)

Substance AH{G / kJ mol™ Se ! J K" mol"
SOs(g) -396 +257
SO,(g) —297 +248
O4(9) 0 +204

(Total 1 mark)

This equilibrium, at a temperature of 585 K and a total pressure of 540 kPa, occurs in a
vessel of volume 1.80 dm?. At equilibrium, the vessel contains 0.0500 mol of SO,(g),
0.0800 mol of O,(g) and 0.0700 mol of SO4(g).

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

A

B
C
D

Q18.

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

4.90

6.48

9.07

16.8

2S0,(g) + 0,(g) = 2S04(g)
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Thermodynamic data for the components of this equilibrium are:

Substance AH,e | kJ mol~ s0 /J K* mol*
SOs(g) -396 +257
SOx(g) —297 +248
0.(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 dm?3. At equilibrium, the vessel contains 0.0500 mol of SO,(g),
0.0800 mol of O,(g) and 0.0700 mol of SO;(g).

At equilibrium in the same vessel of volume 1.80 dm?® under altered conditions, the
reaction mixture contains 0.0700 mol of SOs(g), 0.0500 mol of SO,(g) and 0.0900 mol of
O,(g) at a total pressure of 623 kPa. The temperature in the equilibrium vessel is

A 307 °C
B 596 K
Cc 337 °C
D 642 K
(Total 1 mark)
Q19.

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

—_—
CO(g) + 2Hx(g) =~ CHsOH(g)

At equilibrium, when the temperature is 68 °C, the total pressure is 1.70 MPa.

The number of moles of CO, H, and CH;OH present are 0.160, 0.320 and 0.180,

respectively.

Thermodynamic data are given below.

Substance Aer | kJ mol™ se /J K mol"
CO(9) -110 198
H.(g) 0 131

CH;OH(g) -201 240

Possible units for the equilibrium constant, K,, for this reaction are
A no units

B kPa
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C MPa™

D kPa=

Q20.

(Total 1 mark)

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

At equilibrium, when the temperature is 68 °C, the total pressure is 1.70 MPa.
The number of moles of CO, H, and CH;OH present are 0.160, 0.320 and 0.180,

respectively.

CO(g) + 2Hy(g) = CH,OH(g)

Thermodynamic data are given below.

Substance AH:G ! kJ mol~ s0 /J K* mol*
CO(g) -110 198
H.(g) 0 131

CH;OH(g) -201 240

The mole fraction of hydrogen in the equilibrium mixture is

A 0.242

B 0.485

Cc 0.653

D 0.970
Q21.

(Total 1 mark)

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

At equilibrium, when the temperature is 68 °C, the total pressure is 1.70 MPa.
The number of moles of CO, H, and CH;OH present are 0.160, 0.320 and 0.180,

respectively.

CO(g) + 2H(g) = CH;OH(g)

Thermodynamic data are given below.

Substance AH Ikdmol | ST 1K' mol
CO(g) ~110 198
Ha(g) 0 131
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CH,OH(g) -201 240

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

A 1.37
B 1.66
Cc 2.82
D 4.80
(Total 1 mark)
Q22.

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

—
CO(g) + 2Hx(g) =~ CH30H(g)

At equilibrium, when the temperature is 68 °C, the total pressure is 1.70 MPa.

The number of moles of CO, H, and CH;OH present are 0.160, 0.320 and 0.180,

respectively.

Thermodynamic data are given below.

Substance Aer / kJ mol™ S0 ! J K" mol*
CO(g) -110 198
H(9) 0 131

CH;OH(g) -201 240

Which one of the following statements applies to this equilibrium?
A The value of K, increases if the temperature is raised.

B The value of K, 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.
(Total 1 mark)

Q23.

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 10* kPa.
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(@)

(c)

2H,(g) + CO(g) == CH,OH(g)

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.

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

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

()

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, K,, for this reaction.

(i)  Calculate the value of the equilibrium constant, K,, for the reaction under these
conditions and state its units.

Ko

Units

©)

Two isomeric esters E and F formed from methanol have the molecular formula
CeH120,

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

Q24.

(2)
(Total 10 marks)

questions

Summarised directions for recording responses to multiple completion

A B

only

(i), (ii) and (iii) (i) and (iii) only

Cc

(i) and (iv) only

D
(iv) alone

Which of the following statements about a catalyst is / are true?

(i) It speeds up the forward reaction and slows down the reversere action.

(iii) Itincreases the proportion of molecules with higher energies.
(i) A homogeneous catalyst usually acts in the solid state.

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