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G.O NTOUREDUCATION VCE Chemistry % Questions? Message +61 440 137 304
Section A: Warm Up (10 Marks)

INSTRUCTION: 10 Marks. 7 Minutes Writing.

Question 1 (6 marks)

Complete the following table by drawing an arrow indicating whether there is a forward, reverse or no change for
equilibrium shift, and decreases, increases or remains the same for the concentration of reactants and products and

the value of K.

2H,(g) + 0,(g) = 2H,0(g) AH = —286 kJ /mol

. Equilibrium
Action q it [Hy] [0,] [H,0] K

Add H,

Add H,0

Remove 0,

Increase
temperature

Increase pressure

Add catalyst
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Question 2 (1 mark)

when the system is removed from equilibrium:

The reaction between nitrogen gas and hydrogen gas to produce ammonia is exothermic.

The graph below shows the changes that occur to an equilibrium mixture of hydrogen, nitrogen and ammonia

Which of the following events occurred at the indicated times?

N, w
Concentvation H, ¢~ L. P
(mol LT)  [rimommseemmmsasiy S —
o i
__N_Hs_____// j, . . S [ ——
0 n n t ’
Time (minates)

5] t; i3
A. N, was added N, and H, were added Temperature increased
B. NH; was added N, and H, were added Temperature decreased
C. N, was added Volume was decreased Temperature increased
D. N, was added Volume was decreased Temperature decreased
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The following information applies to the two questions that follow.

Fe3*(aq) + SCN~(aq) = Fe(SCN) ?*(aq)
Yellow Deep red

Question 3 (1 mark)

The concentration profile below represents a change to the above equilibrium systemat a time ¢;:

N

<+

Fo(SCN)

Concentration

<

] N\ A
rd IMe,
t

Which one of the following would account for the changes in concentration at a time t;?
A. The addition of SCN~.

B. The removal of Fe(SCN) 2+,

C. Anincrease in temperature.

D. Adecrease in temperature.
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Question 4 (1 mark)

Which one of the following best represents the changes in concentration when the equilibrium mixture is diluted

atatime t,?

A. /

Concentvation

(&

Conwentvation

B.
Concentration
Fe(SCN)
Fo™
SN’
> Time
/]
.
Concentvation
2+
Fo(SCN)
F™
SCN
\.riMQ/

~— Fw(SCN)b
Fw:\»
el
L > Time
t,
P Fo(SCN)
5
et SN
. Time
t

Question 5 (1 mark)

Which of the following will shift the position of equilibrium to the right in the Haber process?

I. Decreasing the concentration of NH;(g).

I1. Decreasing the temperature.

I11. Increasing the pressure.

A. TandII only.

B. TandIIIonly.

C. I and Il only.

D. I, I andIIL

N,(g) + 3H,(g) = 2NH3(g) AH =92.6 kJ
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Section B: Ramping Up (12 Marks)

INSTRUCTION: 12 Marks. 9 Minutes Writing.

Question 6 (5 marks)

Chlorine trifluoride, CIF3, is used in the electronics industry to clean electronic circuit boards during their
manufacture. Itis produced by reacting chlorine and fluorine gases according to the following equation:

Cl,(g) + 3F,(g) = 2CIF5(g) AH = —160 kJ mol~1

i.  Write an equilibrium constant expression for this reaction. (1 mark)

ii. Areaction mixture is allowed to reach equilibriumat 400°C. It is determined that the equilibrium
concentrations are [Cl,] = 0.173 M, [F,] = 0.419 M and [CIF3] = 1.059 M.

Calculate the magnitude of the equilibrium constant at 400°C. (1 mark)

b. The manufacturersof chlorine trifluoride wish to maximise both the rate and the extent of the reaction as

economically as possible. They decide to use higher temperatures, higher gas pressure and a suitable catalyst
to achieve their aims.

Complete the table below by indicating whether or not the changes introduced to the reaction conditions would
be successful. (3 marks)

Improvementin rate? Improvement in extent?
(yes or no) (yes or no)

Increase in temperature

Increase in pressure

Addition of a catalyst
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Question 7 (7 marks)
Methanol can be manufactured from carbon monoxide and hydrogen. The reaction is a reversible one.
CO(g) + 2H,(g) = CH;0H K = 3.4 M~2 at440°C

Methanol isadded to a 1 litre reactor at 440°C. The system is allowed to reach equilibrium, where the
concentration of methanol is found to be 0.32 M.

a. Determine the carbon monoxide concentration. (3 marks)

b. Anequilibrium mixture of the three gasesis at 440°C. The volume of the reactoris halved. Explain the impact
of this change on each of the following:

i. The value of the equilibrium constant: . (1 mark)
ii. The position of equilibrium: . (1 mark)
iii. The amount of carbon monoxide: . (L mark)
iv. The concentration of the carbon monoxide: . (1 mark)
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Section C: Getting Trickier | (12 Marks)

INSTRUCTION: 12 Marks. 10 Minutes Writing.

The following information applies to the three questions that follow.

The following gaseous equilibrium is established at high temperature in the presence of a finely divided nickel
(Ni) catalyst.

CH,(g) + H,0(g) = CO(g) + 3H,(g) AH = +206 k] mol~?
Question 8 (1 mark)
A particular reaction is carried out using equal amounts of CH,(g) and H,0(g).

Which one of the following sets of changes in conditions would lead to the most significant increase in the
proportion of the reactants converted to products?

Volume of reaction vessel Temperature
A. Increased Increased
B. Increased Decreased
C. Decreased Increased
D. Decreased Decreased

Question 9 (1 mark)

This reaction occurs at a measurable rate only when the finely divided catalyst is present.

This catalyst increases the reaction rate because:

A. It strongly attracts the reaction products, driving the reaction to the right.

B. The reactants can become attached to its surface, where they can meet and undergo a reaction.

C. It provides energy to the reactants when their molecules bounce off it, increasing the proportion of molecules
in the gas state with the required activation energy.

D. Itincreasesthe equilibrium constant of the reaction, causing an increase in the proportion at equilibrium.
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Question 10 (1 mark)

Equal amounts of CH,(g) and H,O(g) are added to a reaction vessel and allowed to react. After 10 minutes,
equilibrium has been reached. At that time, some H,, is added to the mixture, and equilibrium is re-established.

Which one of the following graphs best represents the changes in the amounts of CH, and H, in the reaction

mixture?
A B.
N A
(#,) |
Concentration Concentvation
(mol L) [OH‘J (ol L-_1)
s Time
10 ,(Mir\uh/s)
. .
~ / A
(#,)!
Concentvation \ Concentvation
(mol L-{) [C’H"J (mol L_i)
N -rlﬂ\Q/
10 /(Minu'l'ws)

eh),———
N
(#,]]
10 > (MIE:A-PL)
N[
() ~———
m > (uinaies)
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Question 11 (9 marks) v

Inspired from VCAA Chemistry Exam 2021
https://www.vcaa.vic.edu.au/Documents/exams/chemistry/2021/NHT/2021 chem-nht-w.pdf#page=24

5.0 mol of oxygen, O,, and 10.0 mol of sulphur dioxide, SO, areinjected intoa 5.0 L evacuated and sealed

container at standard laboratory conditions (SLC) and allowed to achieve equilibrium. The equation for this
reaction is given below:

0,(8) +250,(g) = 2503(g)
a. Atequilibrium, the concentration of O, is 0.32 M.

Calculate the equilibrium constant, K. (3 marks)
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b. Attime t; after equilibrium has been achieved, the volume of the container is expanded to 10.0 L at constant
temperature.

i. Onthe graph below, draw the concentration of O, after time t; until equilibrium is re-established.
(2 marks)

0.801
0.721
0.64 1
0.561
0.48
0.40 1
0.32 1
0.24 1
0.10

0.08

Concentration

T rd
+, Time

ii. Justify your answer to part b. i. using Le Chatelier's principle. (2 marks)

iii. What is the effect of the expansion of the container on the rate of the forward reaction? Give your
reasoning using collision theory. (2 marks)
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INSTRUCTION: 8 Marks. 7 Minutes Writing.

Rate 4

' d

The following information applies to the two questions that follow.

The diagram below shows a rate-time graph for an equilibrium reaction:

4.

forward veaction
Reverse veaction

> Time

Question 12 (1 mark)

The change in the rates at time ¢ could be dueto:
A. The addition of more reactant(s).

B. A temperature decrease.

C. Theremoval of some product(s).

D. Avolume decrease.

Question 13 (1 mark)

A. Hy(g) +1,(g) = 2HI(g)
B. N;04(g) = 2NO0,(g)
C. PCl3(g) + Cly(g) = PCl5(g)

D. C4H;o(8) = CH4(g) + CoHe(g)

To which of the following equilibria could the above rate-time graph apply?
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Question 14 (6 marks)

Methanol is produced on an industrial scale by the catalytic conversion of a mixture of hydrogen and carbon
monoxide gases at a temperature of 520 K and a pressure of 50 to 100 atmospheres.

CO(g) + 2H,(g) = CH30H(g)

a. Carbon monoxide gas and hydrogen gas are mixed in a reaction vessel, and equilibrium is established.

The graph below shows how the concentration of methanol in this vessel changes with time at three different

temperatures.

The pressure is the same at each temperature.

— 430 £
a0 £

CancenbeaHon o weHuanol
Coweh L' BOG K

b

i. Isthe reaction exothermic or endothermic? Explain your answer. (2 marks)

ii. Explain why a moderately high temperature of 520 K is used although the equilibrium concentration of

methanol is greaterat a low temperature. (1 mark)
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iii. Explain why, ata given temperature, the use of high pressures results in a greater equilibrium
concentration of methanol. (2 marks)

Explain how a catalyst can increase the reaction rate. (1 mark)

b. A catalyst consisting of a mixture of copper, zinc and aluminium is used to increase the rate of this reaction.

Let’s take a BREAK!

Space for Personal Notes

CH34 [0.21] - AOS 2 Revision Il - Workshop




G.O NTOUREDUCATION VCE Chemistry % Questions? Message +61 440 137 304
Section €: VCAA-Level Questions | (8 Marks)

INSTRUCTION: 8 Marks. 30 Seconds Reading. 8 Minutes Writing.

Question 15 (8 marks) v

Inspired from VCAA Chemistry Exam 2017
https://www.vcaa.vic.edu.au/Documents/exams/chemistry/2017/2017chem-w.pdf#page=21

Sulphur trioxide, SO5, is made by the reaction of sulphur dioxide, SO, and oxygen, O, in the presence of a
catalyst, according to the equation below:

2S0,(g) + 0,(g) = 2503(g) AH <0
In a closed system in the presence of the catalyst, the reaction quickly achieves equilibrium at 1000 K.
a. A mixture of 2.00 molof SO, (g) and 2.00 mol of 0,(g) was placed in a 4.00 L evacuated, sealed vessel and

keptat 1000 K until equilibrium was reached. At equilibrium, the vessel was found to contain 1.66 mol of
S05(g). Calculate the equilibrium constant, K, at 1000 K. (4 marks)
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b. A manufacturerof SO5 investigates changes to the reaction conditionsused in parta. in order to increase the
percentage yield of the product in a closed system, where the volume may be changed, if required. What
changes would the manufacturer make to the temperature and volume of the system in order to increase the
percentage yield of SO5? Justify your answer. (4 marks)

Space for Personal Notes
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Section F: Multiple Choice Questions (10 Marks)

INSTRUCTION: 10 Marks. 10 Minutes Writing.

Question 16 (1 mark)

The equilibrium between nitrogen dioxide, NO,, and dinitrogen tetroxide, N, 0y, is shown below:
2NO,(g) = N,0,(8) K, = 0.01

What happens when the volume of a mixture at equilibrium is decreased at a constant temperature?

I.  Thevalue of K, increases.

Il. MoreN,0, is formed.

[NO,]
[N204]

I11. The ratio of decreases.

A. TandII only.
B. TandIIIonly.
C. Il and Il only.

D. I, I andIIL

Question 17 (1 mark)
Consider the following reaction:

4HCI(g) + 0,(g) = 2H,0(g) + Cl,(g) AH < 0
Which of the following steps would increase the yield of chlorine gas from this reaction?
A. Increasing the temperature.
B. Addingan inertgas suchas argon.
C. Addingasuitable catalyst.

D. Increasingthe gas pressure.
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Question 18 (1 mark)
Consider the equilibrium system N, 0, (g) = 2NO,(g).

If the volume of a sample of this equilibrium mixture was halved and the temperature restored to its original value,
it would be expected that, when equilibrium was established in the smaller volume, the:

A. [NO,] would have increased, and the m(NO,) would have increased.
B. [NO,] would have increased even though the m(NO,) would have decreased.
C. [NO,] would have decreased, and the m(NO,) would have decreased.

D. [NO,]would have decreased even though the m(NO,) would have increased.

Space for Personal Notes
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Sulphur dioxide gas and oxygen were placed in a sealed container, and a reaction occurred according to the

The following information applies to the two questions that follow.

equation:

Various changes were made to the system at different times during the experiment, and the results were plotted as

250,(g) + 0,(g) = 2S05(g) AH is negative

shown in the diagram below:

0.20

Concentvation
QD)

0.10

0.00

0 S 10 15 20 25

Question 19 (1 mark)

What change was made to the systemat t = 5 minutes?
A.
B.
C.

D.

The volume of the container was decreased.
Heat was added to the system.
Some sulphur trioxide gas was removed.

A suitable catalyst was introduced.

Question 20 (1 mark)

Between the times 0 and 25 minutes, the equilibrium constant has:
A.
B.
C.

D.

Only one value.
Only two different values.
Only three different values.

More than three different values.

i

N

B i)

S0,

i

v

Time (Miv\wl‘ws)
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Question 21 (1 mark)

For which of the following reactions would an increase in temperature and volume improve the yield of the
product?

A. 2C0(g) + 0,(g) = 2C0,(g) AH = —564 kJ mol™!

B. C3Hg(g) +50,(g) =3C0,(g) +4H,0(g) AH = —2217 k] mol™?

C. PCls(g) = PCl3(g) + Cly(g) AH = +125 kJ mol~t

D. CO,(g) + 2H,0(g) = CH,(g) + 20,(g) AH = +868 k] mol ™1

Question 22 (1 mark)

the following equation:

2N,0(g) = 2N, (g) + 0,(g)
At 25°C, K = 7.3 x 1037 M and at 40°C, K = 2.7 X 103® M.
What valid conclusion can be made from this?
A. The equilibrium concentrations of N, and O, are equal to 25°C.
B. The equilibrium concentration of N, O is higher at 25°C than at 40°C.
C. N,O isless stable at higher temperatures.

D. The forward reaction is exothermic.

The anaesthetic, nitrous oxide, N, 0, decomposes to form an equilibrium mixture of N,0, N, and O, according to

Space for Personal Notes
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Question 23 (1 mark)

The following concentration-time graph refers to a mixture of three gases, P,Q and R, in an enclosed 5.0 L
container. Attime t; the mixture is heated.

30 1

235
2ol b~
Concantvation (W) 15

05

0.0

Time (seconds)

The equilibrium system that represents the graphiis:

A. P(g) = 2Q(g) + R(g) and the forward reaction is exothermic.
B. 2Q(g) = P(g) + R(g) and the forward reaction is endothermic.
C. 2Q(g) + R(g) = P(g) and the forward reaction is exothermic.

D. P(g) +2Q(g) = R(g) and the forward reaction is endothermic.

Question 24 (1 mark)

data below shows the relationships between the percentage yield of product, temperature and pressure for the
industrial production of a particular chemical.

Concentration of product (%)

0

200 400 600 200 1000

According to these data:

A. The forward reaction is exothermic, and the product is on the side with fewer particles.
B. The forward reaction is endothermic, and the product is on the side with more particles.
C. The forward reaction is exothermic, and the product is on the side with more particles.

D. The forward reaction is endothermic, and the product is on the side with fewer particles.

Temperature and pressure are key factorsin the production of common chemicals via equilibrium reactions. The

CH34 [0.21] - AOS 2 Revision Il - Workshop
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Question 25 (1 mark)

The impact of a change imposed at time ¢, on an 2NO, (g) = N,0,4(g) equilibrium mixture is shown on the
rate-time graph below:

Rate 4

S
+ Time,

The change imposed on the system was:

A. Addition of NO,(g).

B. Addition of N,0,4(g).

C. Increase of container volume.

D. Decrease of container volume.

Space for Personal Notes
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Section G: VCAA-Level Questions Il (7 Marks)

INSTRUCTION: 7 Marks. 30 Seconds Reading. 7 Minutes Writing.

Question 26 (7 marks)
Consider the reaction shown in the following equation:
2NO(g) + Br,(g) = 2NOBr(g) AH = —16.1k/ mol™,K, = 1.3 x10"2M~1at 1000 K

a. Write an expression for the equilibrium constant for this reaction. (1 mark)

b. 10.0 mol of NOBr, 10.0 mol of NO and 5.0 mol of Br, are placed ina 1.0 L container at 1000 K.

Predict in which direction the reaction will proceed. Justify your answer. (3 marks)
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c. A mixture of NO, NOBrand Br,, is initially at equilibrium.

The following graph shows how the rate of formation of NOBr in the mixture changes when the volume
of the reaction vessel is decreased at time t;.

N

Rate
(mol L'<)

t, T f,
Timm(s)

Use collision theory and factors that affect the rate of a reaction to explain the shape of the graph at the time
intervals indicated in the following table. (3 marks)

\Z

Time Explanation

Between t, and t;

Att,

Between t; and ¢,
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Section H: Extension Questions (14 Marks)

Question 27 (8 marks)

A mixture of hydrogen gas and iodine gas is injected into a vessel that is then sealed. The mixture will establish an
equilibrium system as described by the following equation:

I,(g) + Hy(g) = 2HI(g)

a. Inanexperiment, 3.00 mol of iodine and 2.00 mol of hydrogen was added to a 1.00 L reaction vessel. The
amount of iodine present at equilibrium was 1.07 mol. A constant temperature was maintained in the reaction
vessel throughout the experiment.

I.  Write the expression for the equilibrium constant for this reaction. (1 mark)

ii. Determine the equilibrium concentrations of hydrogen and hydrogen iodide, and calculate the value of the
equilibrium constant. (3 marks)
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b. A graph of the decrease in the concentration of I,, until equilibrium is effectively reached is shown in the
figure below.

i.  Onthe figure below, draw clearly labelled graphs to show how the concentrations of H, and HI changed
over the same period of time. (2 marks)

N

5.00

4.00-
Concentration
(mol L’ )

2.00

1.00 1,)

0.00 . T . .
0 10 20 30 40

Time (s)

N

ii. Indicate on the above figure, as well, how the I, concentration would have changed if a catalyst had been
added to the vessel as well. Assume all other conditions remain the same. (2 marks)

Space for Personal Notes
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Question 28 (6 marks)
Annual global methanol production exceeds 50 million tonnes. Each day, well over 100,000 tonnes of methanol
are used as either chemical feedstock or fuel. Methanol is produced from a variety of feedstocks, including natural

gas, coal and biomass. Production of methanol from natural gas requires the production of synthesis gas (a mixture
of carbon monoxide and hydrogen). Methanol is produced from synthesis gas according to the equilibrium:

CO(g) + 2H,(g) = CH30H(g) AH = —91 kJ mol~!
The catalyst used is a mixture of copper, zinc oxide and alumina.

a. What are two advantages arising from the use of the catalyst in methanol production? (2 marks)

b. A sample of synthesis gas containing 0.240 mol of carbon monoxide and 0.380 mol of hydrogen was allowed
to come to equilibriumin a 5.00 L reaction vessel. At equilibrium 0.170 mol of carbon monoxide was present.
Determine the value of the equilibrium constant at the temperature of the equilibrium. (3 marks)

c. When the temperature of the equilibrium established in part b. wasaltered, the value of the equilibrium
constant was found to increase. Was the temperature increased or decreased? Explain your choice. (1 mark)
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(SAONTOUREDUCATION

Website: contoureducation.com.au | Phone: 1800888 300 | Email: hello@contoureducation.com.au

VCE Chemistry %

Free 1-on-1 Support

Be Sure to Make The Most of These (Free) Services! :}‘

» Experienced Contour tutors (45 + raw scores, 99 + ATARs).
» For fully enrolled Contour students with up-to-date fees.
» After-school weekdays and all-day weekends.

1-on-1 Video Consults Text-Based Support

» Book via bit.ly/contour-chemistry-consult-
2025 (or QR code below). » Message +61 440 137 304 with questions.

» One active booking at a time (must attend » Save the contact as “Contour Chemistry”.
before booking the next).

Booking Link for Consults
bit.ly/contour-chemistry-consult-2025

Number for Text-Based Support
+61440137304



https://www.contoureducation.com.au/
mailto:hello@contoureducation.com.au
http://bit.ly/contour-chemistry-consult-2025
http://bit.ly/contour-chemistry-consult-2025
tel:+61440137304
http://bit.ly/contour-chemistry-consult-2025
https://bit.ly/contour-biology-consult-2025
https://bit.ly/contour-biology-consult-2025
tel:+61440137304
tel:+61440137304

