
Baulkham Hills Chemistry Trial

1. Consider the equilibrium process: CH2CH2(g) + H2(g) 
 CH3CH3(g) ∆H = −136kJmol−1

Which of the following changes would cause the magnitude of the equilibrium constant to increase?

(a) The temperature is decreased.

(b) The pressure is decreased.

(c) The concentration of H2 in the equilibrium mixture is increased.

(d) The concentration of CH3CH3 in the equilibrium mixture is increased.

2. Phosphorus pentachloride gas undergoes an equilibrium with phosphorus trichloride and chlorine gas according

to the following equation:

PCl5(aq) 
 PCl3(g) + Cl2(g)

0.2 moles of phosphorus pentachloride was placed in a sealed 2L container so that equilibrium could be achieved.

The container was found to hold 0.15 moles of chlorine gas. What is the equilibrium value (K) for this reaction?

(a) 0.225

(b) 0.315

(c) 0.450

(d) 1.333

3. At a certain temperature, K for the following reaction is 75:

2 O3(g) 
 3 O2(g)

0.3mol of O3 and 1.5mol of O2 were introduced into a 5L reaction vessel. Which is the direction of the equilibrium

shift and the reason for the shift?

. Direction Favoured Reason

(a) Left Q > K

(b) Left Q < K

(c) Right Q > K

(d) Right Q < K

4. Consider this equilibrium reaction for BOTH questions 4 and 5:

2 CIF3(aq) 
 3 F2(g) + Cl2(g) ∆H < 0

An expression for the equilibrium constant is:

(a) [ClF3]
[F2]3[Cl2]

(b) 3[F2][Cl2]
2[ClF3]

(c) [F2]
3[Cl2]

[ClF3]2

(d) 2[ClF3]
3[F2][Cl2]

5. For the equilibrium reaction, the temperature is lowered and the amount of CIF3 then changed by 0.150mol.

The changes occurring would be:
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. [CIF3] [F2] [Cl2]

(a) Increase by 0.150mol Decrease by 0.225mol Decrease by 0.075mol

(b) Increase by 0.150mol Decrease by 0.100mol Decrease by 0.075mol

(c) Decrease by 0.150mol Increase by 0.225mol Increase by 0.075mol

(d) Decrease by 0.150mol Increase by 0.100mol Increase by 0.075mol

6. Which of the following hydrocarbons has a higher boiling point than pentane?

(a) Pent-1-ene

(b) Hex-1-ene

(c) Pent-2-yne

(d) 2-methylbutane

7. Three gases X, Y and Z were mixed in a closed container and allowed to reach equilibrium. A change was

imposed at time T , and equilibrium was then re-established. The concentration of each gas is plotted against

time. What is the equilibrium equation?
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(a) X(g) + Y(g) 
 2 Z(g)

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

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

(d) X(g) 
 Y(g) + Z(g)
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8. 20mL of KOH solution was titrated with 0.20molL−1 H2SO4 solution in a conductivity cell. The data obtained

was plotted to give the graph shown below:
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The concentration of the KOH solution is:

(a) 0.30molL−1

(b) 0.15molL−1

(c) 0.12molL−1

(d) 0.075molL−1

9. In a titration of a strong base with a strong acid, the following procedure was used:

. 1. A burette was rinsed with water and then filled with the standard acid.

. 2. A pipette was rinsed with some base solution.

. 3. A conical flask was rinsed with some base solution.

. 4. A pipette was used to transfer a measured volume of base solution into the conical flask.

. 5. Indicator was added to the base sample and it was titrated to the endpoint with the acid.

Which statement is correct?

(a) The calculated base concentration will be correct.

(b) The calculated base concentration will be too low.

(c) The calculated base concentration will be too high.

(d) No definite conclusion can be reached about the base concentration.

10. Consider the system:

HF(aq) + H2O(l) 
 F–
(aq) + H3O+

(aq)

Which of the following represents a conjugate acid-base pair present in this system?

(a) HF(aq)/F–
(aq)

(b) HF(aq)/H3O+
(aq)

(c) HF(aq)/H2O(l)

(d) F–
(aq)/H3O+

(aq)
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11. The table below gives the heat of combustion in kJg−1 for a number of different fuels:

Fuel Heat of Combustion (kJg−1)

Methanol 22.7

Ethanol 29.6

Propanol 33.6

Petrol (octane) 47.8

The heat of combustion for one of these fuels was calculated as 2016kJmol−1. What was the fuel?

(a) Methanol

(b) Ethanol

(c) Propanol

(d) Petrol (octane)

12. Which term describes the relationship between the two compounds shown below?

CH

Br

H

C H

Br

H

CH

Br

Br

C H

H

H

(a) Allotropes

(b) Isomers

(c) Isotopes

(d) Monomers

13. Consider the following two compounds:

X: CH3COOH

Y: CH3CH2NH2

Which of the following best describes the properties of compound X and Y?

(a) Both compounds are acidic.

(b) Both compounds are basic.

(c) Compound X is basic and compound Y is acidic.

(d) Compound X is acidic and compound Y is basic.
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14. A hydrocarbon has the following condensed structural formula:

CH3CH2CH2CH2CH2CHCHCH3

It is mixed with pure bromine liquid. The name of the product of the addition reaction is:

(a) Dibromooctane

(b) 2,3-dibromooctane

(c) 6,7-dibromooctane

(d) 3-bromooctan-2-ol

15. What is the name of the compound shown?

CH

H

H

C

H

F

C H

Cl

F

(a) 1-chloro-1,2-difluoropropane

(b) 3-chloro-2,3-difluoropropane

(c) 1,2-difluoro-1-chloropropane

(d) 1-chloro-1,2-difluoropentane

16. How many hydrogen atoms are there on one molecule of 2,2-dimethylbutan-1-ol?

(a) 8

(b) 10

(c) 12

(d) 14

17. What volume of a 0.20molL−1 solution of calcium hydroxide solution would be required to neutralise 150mL of

a 0.15molL−1 solution of hydrochloric acid?

(a) 11mL

(b) 23mL

(c) 45mL

(d) 56mL

18. In an experiment, 4-hydroxybutanoic acid [HO(CH2)3COOH] forms a polymer containing 1000 monomer units.

Which of the following is closes to the approximate molar mass (in gmol−1) of this polymer?

(a) 2.0 × 102

(b) 1.4 × 104

(c) 8.6 × 104

(d) 1.0 × 105
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19. Which polymer is made by the polymerisation of methyl methacrylate?

H2C C

CH3

COOCH3

Methyl Methacrylate

(a)

CH2 C

CH3

C

OCH3

CH2 C

CH3

C

OCH3

CH2 C

CH3

C

OCH3

(b)

CH2 C

CH3

COOCH3

CH2 C

CH3

COOCH3

CH2 C

CH3

COOCH3

(c)
CH

HC CH3

COOCH3

CH

HC CH3

COOCH3

CH

HC CH3

COOCH3

(d)

C

COOCH3

CH3

C

COOCH3

CH3

C

COOCH3

CH3

20. How many peaks would appear on the 13C NMR spectrum of pentan-3-one?

(a) 2

(b) 3

(c) 4

(d) 5
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Section 2

21. The graph shows the variation in concentrations of reactants and products with time for the Haber
Process:

N2(g) + 3 H2(g) 
 2 NH3(g) ∆H < 0
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At time T2, the volume of the reaction vessel was reduced.

(a) Sketch on the graph how the concentrations of reactants and product would change after the
volume was reduced.

(b) Explain the changes on your graph.

2

2

22. .

(a) The Ksp for calcium fluoride is 1.00 × 10−11. Calculate the solubility of calcium fluoride in
molL−1 in water at 25◦C.

(b) Consider the reaction below:

CH4(g) = 2 H2S(g) 
 CS2(g) + 4 H2(g) K = 3.6 at 1173K

Given the concentrations recorded in the table, explain whether the reaction is at equilibrium,
or favours the reactants or products.

3

3

Substance Concentration (M)

CH4 1.07

H2S 1.20

CS2 0.90

H2 1.78
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23. .

(a) Methane and water vapour react to form carbon monoxide and hydrogen in a closed container,
as shown:

CH4(g) + H2O(g) 
 CO(g) + 3 H2(g) ∆H = 206kJmol−1

Compare the impact on the equilibrium system of a decrease in the volume of the container
to the impact of a decrease in temperature. Refer to the equilibrium constant in your answer.

(b) Solid ammonium hydrogen sulfide (NH4HS) decomposes to form ammonia gas and hydrogen
sulfide gas (H2S). 2.00 moles of ammonium hydrogen sulfide were placed in a sealed 3.00L
container and the system was allowed to reach equilibrium. At equilibrium, there were 0.0328
moles of ammonia gas. Calculate the equilibrium constant for this reaction.

3

4

24. The equipment shown is set up. After some time, a ring of white powder is seen to form on the
inside of the glass tube.

Would this reaction be considered an Arrhenius or Bronsted-Lowry acid-base reaction? Use a
balanced chemical equation to justify your choice.

4

25. An antacid tablet is known to contain calcium carbonate (CaCO3). To determine the mass of
calcium carbonate in the tablet, the following procedure was used:
1 : The tablet was crushed and placed in a beaker
2 : A pipette was used to add 25mL of 0.600molL−1 of hydrochloric acid to the crushed tablet in
the beaker.
3 : Once the reaction between calcium carbonate and hydrochloric acid had stopped, phenolph-
thalein indicator was added to the reaction mixture.
4 : A teflon-coated burette was then used to add 0.100molL−1 sodium hydroxide to the beaker to
neutralise the excess hydrochloric acid.
5 : The phenolphthalein changed from colourless to pink after 14.2mL of the sodium hydroxide
solution had been added.

(a) Write a balanced chemical equation for the reaction that occurred between the calcium car-
bonate in the tablet and the hydrochloric acid. How many moles of hydrochloric acid were
added to the tablet?

(b) Calculate the mass of calcium carbonate in the original antacid tablet.

2

3
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26. The diagram below shows a coffee cup calorimeter used by a student to measure the enthalpy of
neutralisation of an acid-base reaction:

120mL of 0.500molL−1 sodium hydroxide was added to 60.0mL of 0.500molL−1 sulfuric acid. Both
solutions were at a temperature of 24.2◦C. After mixing, the final temperature was 26.3◦C.

(a) Calculate the enthalpy change per mole of water formed in this reaction

(b) The heat of combustion of a number of alcohols are shown in the table:

i. Using the data provided, construct a graph that shows the relationship between chain
length (number of carbon atoms) and the enthalpy of combustion for these alcohols.

ii. Using the graph constructed in (i), predict the value of the enthalpy of combustion of
ethanol in kJmol−1.

3

3

1

– 9 –



27. .

(a) Soap is one product of saponification. Define saponification. Name the other product and
draw its structural formula.

(b) The diagram below shows a sequence of steps in the removal of grease from a surface. Explain
the process shown in these steps.

3

3

28. An alkane has a molar mass of 72.146 gmol−1. Draw structural formulae for all isomeric molecules
that have this molar mass. Name these molecules systematically.

4

29. A student was supplied with the following chemicals to investigate the equilibrium between yellow
chromate ions (CrO2–

4 ) and orange dichromate ions (Cr2O2–
4 ) in an aqueous solution.

� Solid potassium dichromate (K2CrO4)

� Solid potassium dichromate (K2Cr2O7)

� 1M hydrochloric acid

� Distilled water

The equilibrium reaction is: 2 CrO2–
4 (aq) + 2 H+

(aq) 
 Cr2O2–
7 (aq) + H2O(l)

Describe a series of experiments that the student could perform to investigate the chro-
mate/dichromate equilibrium. Predict the results of these experiments.

4

30. A haloalkane A, of molar mass 137.012 gmol−1, has the following percentage composition:

Hydrolysis of this substance gave compound B, which was readily oxidised to a single organic
product (Compound C).

(a) Construct a flow chart for the production of C, showing all the additives and by-products in
the process.

(b) Name A, B and C.

5

3

31. Sodium ethanoate is used in the textile industry to neutralise sulfuric acid waste streams.

(a) Write an equation for the formation of sodium ethanoate from and acid-base reaction. Name
the reactants.

(b) An acid-base reaction is known as neutralisation, yet the resulting salt is not always neutral.
Explain the reason for this, including equations to support your answer.

2

2
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32. Solutions of nitric, ethanoic and sulfuric acids with the same concentrations (0.0125molL−1) have
been prepared. The pH of the ethanoic acid is 3.80.

(a) Calculate the pH of the nitric acid solution.

(b) Calculate the pH of the sulfuric acid solution. Compare this pH with the pH of the other acids.
Justify your answer. You may assume that both ionisations of sulfuric acid are complete,
without needing to consider the KA1 value.

1

3

33. The structures of three commercially significant polymers are shown below:
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H

H

(a) Identify the common name of ONE of the monomers AND draw the structure of a polymer
made from the same monomer.

(b) “The uses of polymers are dependent on their properties.”
Discuss this statement with reference to TWO properties of a polymer made from one of the
above monomers. This need not be the same polymer that you drew and named in part (a).

2

3

34. Explain the trends in boiling points shown in the graph below. 4

35. A student used propan-1-ol and ethanoic acid in a reflux reaction to produce an ester. He purified
the mixture and obtained what he thought was a very pure sample of the product. The available
analytical techniques are Infrared Spectroscopy, 13C NMR, Mass Spectroscopy and UV Visible
Spectroscopy.
Justify the technique(s) he should use to confirm the product of the reaction, AND justify which of
the above techniques would NOT be helpful in identification of the product. In your answer, draw
and name the ester, and provide analysis of expected results from ALL analytical techniques.

8
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