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Section A: Compulsory Questions (64 Marks)

Sub-Section [2.9.1]: Explain Effects of Temperature, Inert Gas or
Catalyst on Equilibrium System

Question 1 (2 marks)

a. Aninertgas is added to a gaseous equilibrium system. The temperature is then increased, and dynamic
equilibrium is re-established. Which of the following is incorrect? (1 mark)

A. The concentrations of the reactantsand products have changed.

B. The rate of the forward reaction is greater than the rate of the reverse reaction.

C. The inertgas causes no change to the system.

D. The increase in temperature causes the rate of the forward and reverse reaction to increase.
b. Inthe following equilibrium system, methane can decompose in the following manner:

2CH,4 (g) « C,H,(g) +3H,(g) AH = 4300 kJ mol™?

State how the system will respond to a temperature decrease. (1 mark)

Reaction shifts reverse.

J
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Question 2 (6 marks)
The following equilibrium system is investigated.

2A(g) +B(g) =C(g AH>0
a. Explain the effect of subsequently adding an inert gas on:

i. The equilibrium constant K. (1 mark)

Only temperature can affect the equilibrium constant; K. does not change. (1)

ii. The concentration of the product. (1 mark)

Adding an inert gas to an equilibrium system does not change the equilibrium
position. The concentration of the product does not change. (1)

b. Explain the effect of adding a catalytic powder to this equilibrium system. (2 marks)

Adding a catalyst increases the rate of both the forward and reverse reactions (1)
by providing an alternate reaction pathway with a lower activation energy. The catalyst will
not affect the concentrations of the reactants or the products (2).

c. Explain the effect of increasing temperature on the system. (2 marks)

By increasing temperature, the system will partially oppose the change by decreasing
temperature back down, favouring the forwards endothermic reaction. (1)
— | Assuch, the system will shift to the right. (1)
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Question 3 (5 marks) ))}

A student removes an ampule of a colourless gas X(g) from a cold storage container and noticesthat it
immediately beginsto turn orange. The student knowsthat X(g) takes part in the following equilibrium reaction.

Y(g) + W(g) = X(g)

a. State whether the above reaction is endothermic or exothermic. Justify your answer. (3 marks)

Exothermic. Taking the ampule out of cold storage will increase the temperature of X(g).
— The system partially opposes an increase in temperature by favouring the endothermic I
reaction (1). Since X(g) is colourless, the reverse reaction must be taking place (2) to
—— produce Y(g) and W(g), one of which must be orange. Therefore, the reverse reaction is —
endothermic, and the reaction (as stated) is exothermic (3).

b. Explain the effect of this change on the equilibrium constant K .. (2 marks)

The increase in temperature is partially opposed by the endothermic reaction, which is
—— thereverse reaction (1).

The concentration of the reactants will increase, and the concentration of the product
———— will decrease. Since the equilibrium constant is the ratio of product concentration to
reaction concentration, its value will decrease (2) .

— (Can be stated using the expression for K..)
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O |
Sub-Section [2.9.2]: Graph Effects of Temperature, Inert Gas @
Catalyst on Equilibrium Systems

Question 4 (3 marks) )

a. The temperature in the following system s increased at t;. Sketch the shift in the equilibrium position, given
that equilibrium is re-established at t,. (2 marks)

=
s NO, (ﬂ)
I-
+ 2x
3 [no.
S

+ t,
Time (s)

T, 1.

W

(1) Correctshapes + Equilibrium established at the same time.
(2) Correctmole ratios.

b. Neongas1saddedto the Tollowing equilibrium system. SKetch the shift in the equilibrium position. (1 mark)

2NO,(g) = N,04(g) AH<O

NO, (3)

N,0,

Concentration (W)

(1) Both lines
Time, (hours) extended.

CH34 [2.9] - Rate-Yield Conflict - Homework Solutions ‘ 5




G.ONTOURE DUCATION V CE Chemistry % Questions? Message +61 440 137 304

Question 5 (3 marks) )})

Consider the following equilibrium system:

N2 (g) + 3H;(g) = 2NH3(g) AH <0

a. Catalytic pebblesare added to the system. Sketch the change to the system from ¢; to when the system
re-establishes equilibrium at t,. (1 mark)

N
5
.3
S~
< | forward
& | veadtion
pj Reverse
veaction
]
[ ] N
1 ] I d
+1 +2
z A
(1) Correctshapes + final rate is higher than initial rate. ~ H

b. The temperature of an identical system is increased. Sketch the change to this system from t; to whenthe

system re-establishes equilibrium at ¢,. (2 marks)
N

3
£
- Fovward
‘:e’ veackion
o | Reverse
veaction
-y

t, +
Time (Minu'l'%)

N

(1) Reverse reaction is higher than forward reaction
(2) Rates are equal at equilibrium + final rate is higher than initial.
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Question 6 (4 marks)

A chemical engineer is designing a process for the synthesis of a chemical X(g) using the equilibrium system
below.

A(g) +Y(g) = C(g) +X(g) AH <0
The engineer increases the temperature of the system.

a. Sketch the change in the equilibrium system on the graph below from t; to when the system re-establishes
equilibriumat t,. (2 marks)

A

Concantration (M)
?
—
1

(1) Allfour changes have the correct mole ratios + all four reach equilibrium at the same time.
(2) Cand X decrease, A and Y increase.

b. Sketch the change in the rate of the system below from t; to when the system establishes re-equilibrium at t,.
(2 marks)

S

3
<
2 | forward
Té veaction
o | Reveree
veackion

]

+, +

2

N

(1) Reverse reaction initially increases higher than forward reaction.
(2) Rates are equal at equilibrium, and the final rate is higher than the initial rate.
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Sub-Section [2.9.3]: Find the Change Made to System from @
Equilibrium Graph

Question 7 (4 marks) )

Several changes have been made to the equilibrium system below.
A(g) + B(g) = 2C(g) AH >0

The concentrations are recorded and graphed as shown.

Concentration

Time

What change was made to the system between:

a. t; and t,? (1 mark) C. tzandt,? (1 mark)
A. Anoble gas has been added to the system. A. The temperature of the system has been
increased.

B. The temperature of the system has been
increased. B. Anoble gas has been added to the system.

C. 1.0mol of C(g) has beenadded to the system. C. The volume of the system has been decreased.

D. The temperature of the system has been D. 1.0 mol of B(g) has been added to the system.
decreased.

d. tsandtg? (1 mark)
b. t,andt3? (1 mark)
A. The volume of the system has been increased.
A. A catalyst has been added to the system.
B. 1.0 mol of C(g) has beenadded to the system.
B. 1.0 mol of B(g) has beenadded to the system.
C. Anoble gas has been added to the system.
A. The temperature of the system has been
decreased. D. The temperature of the system has been
decreased.
B. 1.0 mol of A(g) has been taken out of the
system.
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Question 8 (4 marks)

N2 (g) + 3H,(g) = 2NH3(g) AH <0
3
I
\_F; 3
-
N
S ~——
Time, i

a. Describe the changes made to the system. Justify your response. (2 marks)

A chemist attempting to maximise the yield of NH;(g), makes two changes to an equilibrium system as shown.

Temperature has been decreased; the forward exothermic reaction is taking place and
the curves match those of a temperature change (1).

A noble gas has been added; noble gases do not cause a change in the equilibrium
position or a catalyst has been added; catalysts do not cause a change in the
concentration of reacting species (2), only in the rates of reaction.

b. Explain why the two of the changes described in part a. are made in conjunction with reference to the
rate-yield conflict. (2 marks)

Decreasing temperature increases the yield of NH; but also decreases the rate of
— reaction, resulting in a rate-yield conflict (1).
To mitigate this, the chemist adds a catalyst to increase the rate of reaction (2).
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A chemist makes a change to an equilibrium system in solution at ¢, as shown below. The temperature is kept
constant.

B(aq) = A(aq)

N

Concentvation (M)
w

1 Time (mir\wl'ws)

a. Describe the change the chemist made. Justify your answer. (2 marks)

The concentration of the product has been decreased (1). The forward reaction occurs ata
— higher rate than the back reaction between t, and t5, which results in more product being
produces; this is consistent with Le Chatelier’s principle (2).

— 1 OR: The back reaction decreases in rate significantly as there are fewer reacting particles
(which are products for the back reaction). (2)

—1 Note: Dilution could not cause this change and thus, should not be awarded any marks.

b. Describe change in the equilibrium constant at t; compared to ¢; as a result of the change made at ¢.
(1 mark)

Temperature does not change; the equilibrium constant does not change. (1)

Question 9 (3 marks) ))}
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Sub-Section [2.9.4]: Find Equilibrium Constant Changes @
Due to Temperature

Question 10 (1 mark)

Which of the following is true?

B. The concentration of C(aq) increases.
C. The value of the equilibrium constant decreases.

D. The system is colder than before the change.

The temperature of the equilibrium system below is increased.

A(aq) +B(aq) =C(aq) AH<O0

A. The value of the equilibrium constant stays the same.

)
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Question 11 (4 marks)

A chemist is attempting to determine the thermochemical nature of the following equilibrium system; that is,
whether the system is exothermic or endothermic.

W(g) = X(@ +Y(g)

The chemist finds that the value of the equilibrium constant increases when the temperature of the systemis
decreased.

products. (2 marks)

— The equilibrium constant is the ratio of products to reactants (1) OR a measure of reaction —
progress forsome equilibrium position (1). The increase in the equilibrium constant indicates
— anincrease in product concentration and a decrease in reactant concentration (2). —

b. Explain whether this system is exothermic or endothermic. (2 marks)

When the temperature is decreased, the concentration of products increases
OR the concentration of reactants decreases; the forward reaction takes place
(1). A decrease in temperature is partially opposed by the exothermic reaction
and therefore, the forward reaction must be exothermic (2).

a. Explain whatthe increase in the value of the equilibrium constant indicates with reference to the reactants and
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Question 12 (7 marks) ))}

The following system has been allowed to reach equilibrium.
2A(aq) = 3B(aq) + 2C(aq) A<O

Atequilibrium, there are 2.00 mol of Aand 1.00 mol of Bin 1 litre of solution. The value of the equilibrium
constant is 4.00 M3.

a. Calculate the concentration of C in the solution. (2 marks)

[BI3[C]? K. [A]?
KC:W:[C] = I BF (1)

B f4(2.00)2 B
[C] = 00 = 4.00 M (2)

A chemist decides to change the temperature of the system.
The chemist measures the concentration of C to be 3.50 M after the change in temperature.

b. Explain whether the chemist increases or decreases the temperature of the system. (2 marks)

~| The concentration of C decreases and therefore the reverse, endothermic reaction must be taking
place (1). The endothermic reaction partially opposesan increase in temperature accordingto Le
—| Chatelier’s principle and thus, the chemist increases the temperature of the system (2).
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i. State the expression for the equilibrium constant. (1 mark)

(units not required)

ii. Calculate the newequilibrium constant. (2 marks)

4+An=3=An=—050
[A] = 2—§An= 2.50 M (1)

3
[B] = 1+5An=0.25M

_ [0.25]3[3.50]2
Ke = [2.50]2

= 0.031 M3 (2)
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Sub-Section [2.9.5]: Find Optimum Operating Conditions in
All Circumstances Such as the Rate-Yield Conflict

Question 13 (2 marks)
A chemistis trying to increase the yield of NH; in the following equilibrium system.
N2 (g) + 3H;(g) = 2NH3(g) AH <0

Suggest one change that could achieve this result and does not change the equilibrium constant. Justify your
answer.

» More reactants could be added to the system; the system would partially oppose the
addition by shifting equilibrium in the forward direction, producing more NHs;.

» NH; could be removed from the system; the system would partially oppose the addition

] by shifting equilibrium in the forward direction, producing more NH;. —

— » The pressure of the system could be increased; the system would partially oppose the —

increase in pressure by shifting equilibrium to the side with the least number of particles,
in this case the products, which will produce more NH;.

)

(1) Suggestion that is NOT associated with temperature.
(2) Appropriate justification.

Question 14 (4 marks)
A chemistis trying to increase the yield of NH; in the following equilibrium system.
N2 (g) + 3H;(g) = 2NH3(g) AH <0

a. Explain the effect of decreasing the temperature of the system on the equilibrium position. (1 mark)

—| Adecrease in temperature is partially opposed by the exothermic reaction which, in
this case, is the forward reaction. This increases the concentration of NH;. (1)

b. Explain the effect of decreasing the temperature of the system on the rate of the forward reaction at
equilibrium. (2 marks)

A decrease in temperature reduces the kinetic energy of reacting particles (1) which both
decreases the frequency of collisions and the proportion of reacting particles with energy
higher than the activation energy. The number of successful collisions decreases, and the rate
of the forward reaction also decreases. (2)
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c. Explain why decreasing the temperature of this system is not optimal for maximising production of NH;.
(2 mark)

While the concentration of NH; is increased, the rate of reaction is decreased. (1)

Question 15 (4 marks) )})

A chemical engineer is attempting to improve the yield of SO for an industrial process. The following equilibrium
system is used to produce SO5.

250,(g) + 0,(g) = 2S05(g) AH <0

a. A civil engineer working on the project suggests decreasing the system’s temperature to increase the yield of
SO5. Evaluate this suggestion with reference to both rate and yield. (3 marks)

Decreasing the system’s temperature would cause the system to partially oppose using the
exothermic forward reaction, which would increase the concentration of SO; (1). However,
decreasing the temperature of the system would also decrease the rate of reaction (2). This is a
conflictand as such, would not significantly improve the yield of SO5 (3).

b. A “simple and practical” change is being proposed to improve the yield of SO5;. Suggest one change which
can aid with this. (1 mark)

—1 Removing SO; as itis produced would cause the system to partially oppose the decrease in I
S0 using the forward reaction, which in turn would produce more SO5, increasing yield (1).

Note: “Simple and practical” implies this is the only solution; however, any suggestion that
increases yield should be accepted provided there is sufficient justification; accept no answer
without sufficient justification.
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Sub-Section: The ‘Final Boss' @

Question 16 (8 marks) )}}

A chemist requires concentrated hydrogen iodide. Hydrogen iodide disassociates according to the following
equation.

2HI(g) = H,(g) +1,(&) AH>0

The graph below shows the concentrations of each reacting reagent after the chemist’s first attempts at mitigating
the effects of disassociation.

N

N\

“{:

S|

3| )

S0

5 L [ N
10 20
Time (Mir\u'l’%)

a. Suggesta change the chemist could have made to the systemat 10 minutes. Justify your response. (2 marks)

The volume of the container has been decreased (1). All three concentrations have
been increased simultaneously and the concentrations do not change, which is
consistent with a change in volume (2) and what is expected due to the number of
particles on each side of the equation respectively.

At 20 minutes, the chemist adds helium gas to the system.
b. Continue the graph on the axes provided above for [H,] and [I,]to represent this change. (1 mark)

At 30 minutes, the chemist finds that the concentration of H, is 1.00 M, the concentration of I, is 0.50 M and the
concentration of HI is 3.00 M.

c. Calculate the equilibrium constant value. (1 mark)

[1L][H,]
¢ [HI?

_ (0.50)(1.00)

c —W = 0.056
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The chemist increases the temperature of the system.

d. Describe the change to the value of the equilibrium constant. Explain your answer. (2 marks)

— The system partially opposes the increase in temperature using the endothermic forward —
reaction. This increases the concentration of the products and decreases the concentration of the
— reactants (1). Since the equilibrium constant is the ratio of product to reactant, the value of the |—
equilibrium constant will increase (2).

e. Acolleague of the chemist argues that increasing the temperature of the system creates a rate-yield conflict.
Evaluate the colleague’s argument and state whether they are correct. (2 marks)

The colleague is correct (1). Increasing the temperature of the reaction increases the rate of
— reaction. However, the systemwill also partially oppose the increase in temperature usingthe [
endothermic forward reaction, leading to a decrease in HI concentration (2). This is a rate-yield
conflict.
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Section B: Supplementary Questions (28 Marks)

Sub-Section [2.9.1]: Explain Effects of Temperature, Inert Gas or ®
Catalyst on Equilibrium System

Question 17 (1 mark) )

An inert gas and a catalyst are added to an equilibrium system simultaneously. What is the effect on the
equilibrium system?

A. The rates of the forward and reverse reaction remain the same and the concentrations of all reagents increase.
B. The rates of the forward and reverse reactions increase and the concentration of the reagents remains the same.
C. The rate of the forward reaction increases and the concentration of the products increase.

D. Only the rate of the reverse reaction increases and the concentration of the reagents remains the same.

Question 18 (4 marks)
Consider the following equilibrium system.
2A(g)+B(gy=C(gy AH>O0

a. Explain the effect of increasing the temperature of the system. (2 marks)

— Anincrease in temperature will be partially opposed by the endothermic
forward reaction (1). This will increase the concentration of the product C. (2)

b. Explain the effect of adding a catalytic powder to the system while increasing the temperature. (2 marks)

— Adding a catalyst increases the rate of both the forward and reverse reactions (1) by
providing an alternate reaction pathway with a lower activation energy. As a result, the
—— system will establish equilibrium faster after the increase in temperature (2).
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Question 19 (4 marks)

The following equilibrium system is used in ColdGlow glow sticks.

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

whereas X has a distinct fluorescent red colour.

a. State whether the above reaction is endothermic or exothermic. Justify your answer. (2 marks)

As the system gets colder (as temperature decreases), the concentration of X
—| increases; the reverse reaction will partially oppose a decrease in temperature and
is exothermic (1). The forward reaction is, therefore, endothermic (2).

ColdGlow glow sticks get brighter based on how cold their surroundings are. Both Z and Y are colourless gases,

V) )

explain any observable effects on the system. (2 marks)

b. The volume of the glow sticks is decreased and the temperature can be assumed to be constant. Describe and

The concentration of all reagents will increase (1) and, as the number of particles on
each side of the equation is the same, the concentrations will not decrease. Since the

brightness of the ColdGlow glow sticks are directly proportional to the concentration

of X, the glow sticks will glow brighter (2).
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Sub-Section [2.9.2]: Graph Effects of Temperature, Inert Gas @

Catalyst on Equilibrium Systems

Question 20 (1 mark)

Anoble gas is added to an equilibrium system. Sketch the change to the system.

N

Frward

Reaction

RQ/VW S

Reaction

Rate (Molfmir\)

N

Time (Minu-h,s)
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Sub-Section [2.9.3]: Find the Change Made to System from @
Equilibrium Graph

Question 21 (1 mark)

A change is made to a gaseous equilibrium system at 12 minutes after the systemis set up. The effect of the
change is shown.

Forwavd

RWWS@

Rate

N

1
12
Time (Miﬂuh;s)

The change made to the system could be:
A. Reactants were added to the system.
B. The temperature was decreased.

C. A catalystwas added to the system.

D. The volume of the system was increased.
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Question 22 (1 mark)

Consider an endothermic equilibrium system for which the equation is unknown. The temperature of the system is
increased. Which of the following would be observed once the system re-established equilibrium?

A. The rate of the reverse reaction only, has decreased compared to before the temperature change.

B. The concentration of the reactants has increased.

C. The value of the equilibrium constant has increased.

D. The system feels colder.

Question 23 (7 marks)

The following system has been allowed to reach equilibrium.

Atequilibrium, thereare 4.00 mol of Xand 6.00 molof Y in 2 litre of solution. The value of the equilibrium

constantis 0.1875 M2,

4X(aq) = Y(aq) + Z(aq) A<O

a. Calculate the concentration of Z. (2 marks)

M _ KX
T AT @
4

0.1875 (5
2] =——%— ) = 1.00 M (2)
2

V) )
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after the change in temperature.

The chemist decides to change the temperature of the system and measures the concentration of Z to be 1.10 M

b. Explain whether the chemist increases or decreases the temperature of the system. (2 marks)

The concentration of Z increases and therefore the forward, exothermic reaction must be taking
place (1). The exothermic reaction partially opposes a decrease in temperature according to Le
Chatelier’s principle and thus, the chemist decreases the temperature of the system (2)

i. State the expression for the equilibrium constant. (1 mark)

K¢

__[Yllz]
I

M~? (units not required)

ii. Calculate the newequilibrium constant. (2 marks)

aAX = Y "
Y 7 = 2. 2mel 6.2 o | 2.20m0 ) : —
I  4mol Gwol 2moll 2 LM 3.AM 1.1 M
L i e A )
Ke -
C .64 |
b= Dn = BDh= 4 © 20me | ( 6)
- 0.%50mel + 0.2n0)
-2
= 0.920M —
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Sub-Section [2.9.5]: Find Optimum Operating Conditions in
All Circumstances such as the Rate-Yield Conflict

Question 24 (1 mark)

below.

2P(aq) = Q(aq) +2R(aq) AH >0
Which of the following could be applied to the system to maximise the yield of P?
A. Decreasing the volume of the container.
B. Decreasing the temperature of the system.
C. Reacting P with another speciesin a precipitate reaction.

D. Removing productsas they are produced.

A chemist s trying to maximise the yield of P in an industrial process involving the equilibrium system shown
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Question 25 (8 marks)

A chemistis trying to increase the yield of Z in the following equilibrium system.

a. Explain the effect of decreasing the temperature of the system on the value of the equilibrium constant.

X(g) = 2Z(g) AH >0

(2 marks)

V) )

A decrease in temperature is partially opposed by the exothermic reverse reaction. This results
inan increase in [X]and a decrease in [Z] (1). Since the equilibrium constant is the ratio of
products to reactants, the value of the equilibrium constant will decrease (2).

b. Compare the effect of decreasing the temperature of the system on the rate of the forward reaction at
equilibrium and the rate of the reverse reaction at equilibrium. (2 marks)

Both the forward and reverse reaction, at dynamic equilibrium, must be occurring at the same
rate (1). The effect of decreasing the temperature, therefore, is the same for rates of both the
forward and reverse reactions (2).

c. Explain why increasing the volume of this system is not optimal for increasing the rate and yield of Z with

explicit reference to collision theory and Le Chatelier’s principle. (4 marks)

Increasing the volume will decrease the overall pressure of the system. According to Le
Chatelier’s principle, this will be opposed by favouring the side with more particles (1), the
products. This will increase the concentration of Z (2). However, decreasing the pressure of the
system will reduce the number of reacting particlesin a given area and therefore decrease the
number of collisions (3). This will reduce the number of successful collisions and the rate of
reaction (4). Thisis a rate-yield conflict and thus, is not ideal.
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» 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
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