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Thank you for subscribing to SmarterScience Teacher Edition in 2025.

Key features of the Chemistry “2025 HSC Comprehensive Revision Series” for
include:

~17 hours of cherry-picked HSC revision questions by topic.

Targeted at motivated students aiming for a Band 5 or 6 result.
Weighting toward more difficult examples.

Mark allocations given to each topic generally reflect its historical (new
syllabus) HSC exam allocation.

Attempt, carefully review and annotate this revision set in Term 3
This question set provides the foundation of a concise and high-quality
revision resource for the run into the HSC exam.

This resource should be used to complement (not replace) the critical
final stretch preparation for every student - timed full exam practice
papers.

Our analysis on each topic, the common question types, past areas of difficulty
and recent HSC trends all combine to create this revision set that ensures
students cover a wide cross-section of the key areas.

IMPORTANT: If students have been exposed to questions in these
worksheets during the year, we say great. Many top performing students attest
to the benefits of doing quality questions 2-3 times before the HSC. This type
of revision set is aimed at creating confidence and speed through the exam,
with cherry picked questions that cover all important elements of revision while
avoiding low percentage rabbit hole excursions.

HSC Final Study: M5 Equilibrium and Acid Reactions

Equilibrium Constant (~7.5% historical contribution)

Key Areas addressed by this worksheet

Equilibrium Constant has been examined in long response questions in 5 out
of 6 years of the new syllabus (including twice in 2023-24) along with at least
one multiple-choice question each year.

Calculation heavy questions involving Keq are a key focus of this revision set
as they have historically dominated exam mark allocations. Chosen revision
questions require students to determine the mols of a substance added to an
equilibrium system (2024 HSC Q30) which can be algebra heavy and to
explain the required changes in reaction conditions that would lead to certain
equilibrium concentrations (2027 HSC Q37).

Multiple questions cover this vital topic area that typically involves significant
mark allocations and low mean marks.

Other featured questions look at the formation of a precipitate within the
context of Keq. Close attention should be paid to 2079 HSC 17 MC and 2021
HSC 19 MC as they were poorly answered, and we see the potential for the
underlying concepts to be tested in longer response.

Revision questions will typically provide the appropriate chemical equations
reflecting the majority of new syllabus questions on this topic, although some
examples also require students to deduce chemical equations.

The relationship between Keq and pH is a technical and calculation heavy
concept that features in multiple longer response revision questions. 2020
HSC Q33 proved particularly challenging (mean mark 20%) and is a “must
review” question covered in this revision.

"The SmarterMaths HSC exam preparation courses are incredible
resources”

~ Peter Hargraves, James Sheahan Catholic High School




c s 3. CHEMISTRY, M6 2020 HSC 14 MC
H E M I T RY The equation for the autoionisation of water is shown.
2025

HSC Revision Series

Module 5: Equilibrium and Acid Reactions What is the pH of water at 50°C?
Equilibrium Constant

2H,0 (1) = H;0* (aq) + OH™ (aq)

At 50°C the water ionisation constant, K, is 5.5 x 10~

A. 550
Exam Equivalent Time: 75 minutes (based on allocation of 1.5 minutes per mark) B. 6.63
C. 6.93
Questions D. 7.0
1. CHEMISTRY, M5 2022 HSC 8 MC
A system is described as follows. 4. CHEMISTRY, M5 2019 HSC 17 MC
2NaHCOj3 (s) = Na2COj3(s) + CO2(g) + H20 (g) A student makes a solution with a final volume of 200 mL by mixing 100 mL of 0.0500 mol L

What is the equilibrium expression for this system? barium nitrate solution with 100 mL of 0.100 mol L ~1 sodium hydroxide solution.

A _ Which row of the table correctly identifies if a precipitate will form under these conditions and
. K. = [CO,]

the reason?
B. K. = [CO;|[H,0]

1
C Ke= [CO,] [H20] Will a precipitate form? Reason
D. Keq _ [NaQCO[j} [002]2[1{20] A. Yes o> K.vp
[NaHCO3] B. Yes 0<K,
C. No 0>K,
D. No 0<K,
2. CHEMISTRY, M5 2023 HSC 7 MC
A mixture of 0.8 mol of CO(g) and 0.8 mol of H,(g) was placed in a sealed 1.0 L container. The
following reaction occurred.
CO(g) + 2H,(g) = CH30H(g) 5. CHEMISTRY, M5 2021 HSC 19 MC
When equilibrium was established, the mixture contained 0.5 mol of CO(g). A quantity of silver nitrate is added to 250.0 mL of 0.100 mol L "1 potassium sulfate at 298 K in

What tof Ha(g) tat librium? order to produce a precipitate. Silver nitrate has a molar mass of 169.9 g mol 1.
at amount of Hy(g) was present at equilibrium?

What mass of silver nitrate will cause precipitation to start?

A. 0.2mol

B. 0.4mol A. 0.00510¢g

C. 0.6mol B. 0.186¢g

D. 1.0mol C. 0465¢g
D. 0.854¢g



6. CHEMISTRY, M5 2023 HSC 20 MC 8. CHEMISTRY, M5 2024 HSC 18 MC

Nitrogen monoxide and oxygen combine to form nitrogen dioxide, according to the following Areaction mixture, not at equilibrium, is composed of both N,O4 (g) and NO, (g) in a closed
equation. container. The reaction quotient for the system, Q, is given.
2NO (g) + 02 (g) = 2NOy(g) K. = 2.47 x 10" 0= [NO,]?
[N204]

A 2.00L vessel is filled with 1.80 mol of NO, (g) and the system is allowed to reach equilibrium.

What is th ilibri trati £NO (g)? The rate of the forward reaction is initially greater than the rate of the reverse reaction.
at is the equilibrium concentration o g)’

Which diagram shows how @ changes over time for this mixture?

A. 0.00mol L~ *
-5 -1

B. 4.34 x 107° mol L A B.

C. 6.90x 10 ° mol L™ 0 0

D. 8.69x 10 °molL~!

7. CHEMISTRY, M5 2024 HSC 15 MC

The thermal decomposition of lithium peroxide (Li2O3) is given by the equation shown. 0 Time 0 Time

Mixtures of Li5 O, LioO and O, were allowed to reach equilibrium in two identical, closed

containers, P and Q, at the same temperature. The amount of Li; O (s) in container P is double

that in container Q . The amount of Li, O (s) is the same in each container.

What is the ratio of [O, (g)] in container P to [O5 (g)] in container Q?

A 1:1

. 0 - 0 ;

B. 2:1 Time Time

C. 3:2

D. 5:4




9. CHEMISTRY, M5 EQ-Bank 11157 MC 11. CHEMISTRY, M5 2024 HSC 23

0.20 moles of phosphorus pentachloride were heated to 200°C in a 2 L container in the presence Consider the following equilibrium system.

of a vanadium catalyst according to the following reaction. [Co (H,0)6)2* (aq) + 4C1- (aq) = [CoCli|2~ (aq) + 6 H,0 (1)

PCls (g) = PCls(g) + Cla (g) [Co(H20)6]%* (aq) ispinkand [CoCly]2~ (aq) is blue. When a solution of these ions and

At equilibrium, the mixture was found to contain 0.16 moles of chlorine. chloride ions is heated, the mixture becomes more blue.

Which of the following is the equilibrium constant for this reaction at this temperature? Relate the observed colour change to the change in K,. (3marks)

0.32

0.64 R R R R
955 X
3.13

On w >

10, CHEMISTRY, MBEQ-Bank 11958

Hydrogen gas reacts with iodine gas to form hydrogen iodide according to the following

equation.
H,(g) +1>(g) = 2HI(g)at 700k

At equilibrium, the concentrations for Hy, I and HI are as follows: 0.326 mol L™1,0.326 mol L1
and 2.39 mol L~ respectively.

What is the value of the equilibrium constant for this reaction? (2 marks)




12. CHEMISTRY, M5 2023 HSC 31
Copper(II) ions (Cu®* ) form a complex with lactic acid (C3HgO3), as shown in the equation.
Cu2+ (aq) + 203H603 (aq) = |:Cu(03H503)2] 2+ (aq)

This complex can be detected by measuring its absorbance at 730 nm. A series of solutions
containing known concentrations of |:CL1(C3H603)2:| 2+ were prepared, and their absorbances

measured.

Concentration of [CH(C3H603 ) 2] 2+ | Absorbance
(mol L™ 1)
0.000 0.00
0.010 0.13
0.020 0.28
0.030 043
0.040 0.57
0.050 0.72

Two solutions containing Cu?* and C3HgO3 were mixed. The initial concentrations of each in
the resulting solution are shown in the table.

Species | Initial Concentration
(mol L™ 1)

Cu?* 0.056

C3HgOs3 0.111

When the solution reached equilibrium, its absorbance at 730 nm was 0.66.

You may assume that under the conditions of this experiment, the only species present in the
solution are those present in the equation above, and that |:C\l(03H603)2:| 2+ isthe only

species that absorbs at 730 nm.

With the support of a line graph, calculate the equilibrium constant for the reaction. (7marks)




13. CHEMISTRY, M6 2019 HSC 27

The relationship between the acid dissociation constant, K ,, and the corresponding conjugate
base dissociation constant, K3, is given by:

K, x K, = K,
Assume that the temperature for part (a) and part (b) is 25°C.

a.The K, of hypochlorous acid (HOC1) is 3.0 x 102
Show that the K} of the hypochlorite ion, OC1™,is 3.3 x 10™". (1 mark)

b. The conjugate base dissociation constant, K3, is the equilibrium constant for the following
equation:

OCl™ (aq) + H,0O(l) = HOCl(aq) + OH™ (aq)
Calculate the pH of a 0.20 mol L™ solution of sodium hypochlorite (NaOC1). (4mark)

14. CHEMISTRY, M5 2021 HSC 31

Ammonia is produced according to the following equilibrium equation.
N2(g) + 3Ha(g) = 2NH;(g)

There are 4.50 moles of nitrogen gas, 1.00 mole of hydrogen gas and 5.80 moles of ammoniain a
10.0 L vessel. The system is at equilibrium at 298 K. The value of K, at this temperature is 748 .

How many moles of nitrogen gas need to be added to the vessel to increase the amount of
ammonia by 0.050 moles? (4 marks)




15. CHEMISTRY, M5 2024 HSC 30 16. CHEMISTRY, M5 2020 HSC 27

An equilibrium mixture of hydrogen, carbon dioxide, water and carbon monoxide is in a closed, 1 A student makes up a solution of propan-2-amine in water with a concentration of 1.00 mol L 1.

L container at a fixed temperature as shown: a. Using structural formulae, complete the equation for the reaction of propan-2-amine with

H(g) + CO»(g) = H0(g) +CO(g) Ky = 1.600 water. (2marks)

The initial concentrations are
[Hy] = 1.000 mol L™, [CO3] = 0.500 mol L™ !, [H;0] = 0.400 mol L™* and
[CO] = 2.000 mol L™,

+ H,0 &= + OH™
An unknown amount of CO (g) was added to the same container, and the temperature was kept
constant. After the new equilibrium had been established, the concentration of H,O (g) was
found to be 0.200 mol L™ 1.
Using this information, calculate the unknown amount (in mol) of CO (g) that was added to the b. The equilibrium constant for the reaction of propan-2-amine with water is 4.37 x 10~*.

container. (4marks) Calculate the concentration of hydroxide ions in this solution. (3marks)




17. CHEMISTRY, M6 2020 HSC 33

Excess solid calcium hydroxide is added to a beaker containing 0.100 L of 2.00 mol L1
hydrochloric acid and the mixture is allowed to come to equilibrium.

a. Show that the amount (in mol) of calcium hydroxide that reacts with the hydrochloric acid is
0.100 mol. (2marks)

b. It is valid in this instance to make the simplifying assumption that the amount of calcium ions
present at equilibrium is equal to the amount generated in the reaction in part (a).

Calculate the pH of the resulting solution. (4 marks)

18. CHEMISTRY, M5 2023 HSC 37

When performing industrial reductions with CO(g), the following equilibrium is of great
importance.

2C0(g) = COy(g) +C(s) Ko = 10.00 at 1095 K

A 1.00 L sealed vessel at a temperature of 1095 K contains CO (g) at a concentration of 1.10 x
10~2mol L~ 1, CO;, (g) at a concentration of 1.21 x 10~3 mol L1, and excess solid carbon.

a. Is the system at equilibrium? Support your answer with calculations. (2 marks)

b. Carbon dioxide gas is added to the system above and the mixture comes to equilibrium. The
equilibrium concentrations of CO (g) and CO;, (g) are equal. Excess solid carbon is present and
the temperature remains at 1095 K.

Calculate the amount (in mol) of carbon dioxide added to the system. (3marks)

Copyright © 2004-24 The State of New South Wales (Board of Studies, Teaching and Educational Standards NSW)




Worked Solutions

1. CHEMISTRY, M5 2022 HSC 8 MC

— The concentrations of solids and pure liquids are omitted from the equilibrium
expression because they have a constant concentration.

— Thus, the equilibrium expression is:

K., = [CO,|[H,0]

2. CHEMISTRY, M5 2023 HSC 7 MC

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

CO(g) | 2Hz(g) | CH;0H
Initial 0.8 0.8 0
Change —z —2z +x
Equilibrium 0.5 0.2 0.03
z=0.3
= A

3. CHEMISTRY, M6 2020 HSC 14 MC
K, = [H;0%][OH"]
Since [H;0"] = [OH:
[H;07]% = 5.5 x 1071

[Hs0"] =23 x 1077 mol !

pH = —log;( (2.3 x 10°7) = 6.63
= B

)
=
w
®
.
Vg
Q
P
=
ﬁ
i o
Q
=
wn

4. CHEMISTRY, M5 2019 HSC 17 MC
Ba(OH); (s) = Ba’* (aq) + 20H™ (aq)

K, =255 x 1074

2ey  (0.05)(0.1)
o (0a)(01)

Q = [Ba2*][OH]2
= (0.025)(0.05)>
=6.25 x 1076

Since @ < K, ,no precipitate forms.

=D

444 Mean mark 36%.




5. CHEMISTRY, M5 2021 HSC 19 MC

The reaction when silver nitrate is added to potassium sulfate

is: + Mean mark 45%.

2AgNO3(aq) + K2SO04(ag) — AgyS04(s) + 2KNOj3(aq)

Since each K,SO,4 molecule has 1 sulfate ion

[Soii] = K550, = 0.100 mol L ™!

Ag,S04(s) = 2Ag* (ag) + SO} (aq)
Ko = [Ag']*[80% ]

From the data sheet:

Ky =1.20x107°

1.20x107° = [Ag"]? x [$02]
1.20x 107 = [Ag"]* x [0.100]
[Ag"] =0.01095... mol L ™"

[Ag"] = [AgNO,]

n(AgNO3) =c¢ x V =0.01095... x 0.250 = 0.00273. .. mol
m(AgNO3) =n x MM = 0.00273... x 169.9 = 0.465 g
= C

6. CHEMISTRY, M5 2023 HSC 20 MC

— As 1.80 mol of NO;, (g) is added to the solution, the reverse +¢ Mean mark 34%.
reaction can be used to determine the equilibrium
concentration of NO (g).

2NO, (g) = 2NO(g) + 02 (g)

. [02][NOJ?
Reversereaction K., = ————
— Vi | eq [N02]2
— Forward reaction K, is the inverse of K, of the reverse
reaction:
1
= = 4.0486 x 10713
4247 x 102
2NO:(g) [ 2NO(g) | O2(g)
Initial 0.9 0 0
Change —2z + 2z +z
Equilibrium 0.9 — 2z 2z x

— — 2z is very small as the K, for the reaction is very small,
thus 0.9 — 2z =~ 0.9.

— By substituting the values into the K, for the reverse
reaction:

(z)(22)°
(0.9)2

48
(0.9)2

423 = 3.279 x 1013

4.0486 x 1013 =

z = 4.344 x 107°

—[NOy] =2 x 4.344 x 105 = 8.69 x 10 °mol L~!
=D




7. CHEMISTRY, M5 2024 HSC 15 MC

— When calculating the K, of a system, substances in solid
states are all given a value of 1.

— The equilibrium constant of the above reaction is
Keq = [02 (g)]

— As both mixtures reached equilibrium, the K, values for
each mixture is the same, hence the ratio of [0, (g)] in each
containeris1:1.

= A

+4 Mean mark 39%.

8. CHEMISTRY, M5 2024 HSC 18 MC

— When calculating the reaction quotient of a chemical

. . products
reaction, the formula is p—.
reactants

— The equation for the reaction taking place is:

N;04(g) = 2NO; (g)

— As the rate of the forward reaction is greater than the rate of

the reverse reaction, [NO2]2 will increase and [N2O4] will

decrease.

[NO,)®
, will

[N2O4]

— Hence the value for the reaction quotient,
increase.

— As it states both N,Oy4 (g) and NO;, (g) are present in the
intial system, the value for Q will not be zero.

= B

¢ Mean mark 43%.

9. CHEMISTRY, M5 EQ-Bank 11157 MC

PCl; (g) = PCl;(g) + Cly(g)

n 0.20 ~1
[PCI5]1n1t = v = T = 0.10mol L
[PCl5] | [PCl3] | [Cly]
Initial 0.10 0 0
Change —0.08 | +0.08 | +0.08
Equilibrium | 0.02 0.08 0.08

~ [PCL][Cl,]  0.08?
“ [PCls] 0.2

= 0.32

= A

10.

CHEMISTRY, M5 EQ-Bank 11958
o [HI2 2.392 B
Keq = [Hy][I,]  [0.326][0.326] =937

11.

CHEMISTRY, M5 2024 HSC 23
— When the solution is heated and the mixture becomes more blue, it suggests that the
concentration of [CoCly]2~ (aq) is increasing.

— The increase in temperature favoured the forward endothermic reaction and shifts
the equilibrium position to the products.

— Therefore the concentrations of [Co(H,0)6]%* (aq) and C1~ (aq) will decrease.
[[CoCly]?~ ]
[[Co(H20)6)2* ] [C1]4

—As K¢y = , K¢q will increase.




12. CHEMISTRY, M5 2023 HSC 31

0.8

0.7

0.6 y

0.4

Absorbance

0.3

0.2

0.1

0.0

0.00 0.01 0.02 0.03 0.04 0.05 0.06
Concentration of [Cu(C,H,0,),]**

(mol L)

From graph:

0.66 absorbance = [[CU(C3H603)2] 2+] = 0.046 mol L !

Cu?t | 2C3H03 (aq) [Cu(C3H603)2] 2+ (aq)
Initial 0.056 0.111 0
Change —0.046 —0.092 +0.046
Equilibrium 0.010 0.019 0.046
K. [[Cu(CsHs05)2] 2]
[Cu?t | [C3HgO3] 2
0.046

0.010 x 0.0192
=1.3 x 10*

13. CHEMISTRY, M6 2019 HSC 27

K,
a. K, xKy=K, = K,=
K,
1.0 x 107
Kb - 7—8
3.0 x 10
=33x1077

b. OCI~ (aq) + H,0 (1) = HOCI (aq) + OH" (aq)

OCl~ | HOCI | OH"
Initial 0.20 0 0
Change —x +z +z
Equilibrium | 0.20 — z T T
[HOCI][OH™ | z?
PTTocr ] (020 —«)

Assume 0.20 — z =~ 0.20 because z is negligible:
33107 = —2
’ 020 — =z

T=1+33x10"7 x 0.20

= 2.5690 x 10~ % mol L™*

[OH™] = 2.5690 x 10~4 mol L~!

pOH = — log;y[OH"] = — log1(2.5690 x 10~*) = 3.59

o.pH =14 — 3.59 = 10.41

+ Mean mark (b) 45%.




14. CHEMISTRY, M5 2021 HSC 31

N, *
Initial (4.5 4+ ) moles
Change —0.025 moles

Equilibrium  (4.475 + ) moles

4.475 + =
10

Equilibrium mol L}

concentration

_[NH3)?
[Ny] [H,]?
0.5852
24BEE 5 0.0925°

4475 + x
>< —_—

eq
748 =

748 x 0.0925% = 0.5852

4475 +x  0.5852
10 748 x 0.0925°
10 x 0.5852
748 x 0.0925°
10 x 0.585°
* 7 748 % 0.0925°

= 1.3 moles (1 d.p.)

4475 + x =

— 4.475

~ 1.3 moles of nitrogen must be added to the equilibrium

mixture.

3H,

1.0 moles
—0.075 moles
0.925 moles

0.0925 mol L*

ONH,

5.8 moles
+0.05 moles
5.85 moles

0.585 mol L *

4 Mean mark 44%.

15. CHEMISTRY, M5 2024 HSC 30
— Nintial (CO (g)) = 0.400 and Nfinal (CO (g)) = 0.200. + Mean mark 55%.

—

Change in the number of moles in CO (g) = 0.400 — 0.200 = 0.200 molin 1 L

Hy(g) | CO2 (g) | H2O(g) | CO: (g)
Initial 1 0.5 0.4 2+
Change +0.2 +0.2 —-0.2 —0.2
Equilibrium 1.2 0.7 0.2 18+ z

— Since all substances are present ina 1 L container, the
concentrations of each substance is equal to the number of
moles of that substance present at equilibrium

[H0 (2)][CO (g)]

Ko =

 [Ha(g)][CO2 (g)]

0.2 x (1.8 +z)

1600 = =507
1.2 x 0.7
1842 =16x 0z
r=06.72—-1.8
= 4.92 mol

— 4.92 mol of CO (g) were added to the container.




16. CHEMISTRY, M5 2020 HSC 27

a.

NH, NH,

PNETIPNE

b.
C3H;NH, | C3H;NH; | OH™
Initial 1.00 0 0
Change —x +z +z
Equilibrium | 1.00 — z T T
K, — [03H7NH3+][0H_] _ 1‘2
T T[CsH{NHy|  (1.00 — =)

Assume 1.00 — z = 1.00 because z is negligible:

22

437 x 1074 = =—
* 1.00
T =437 x 104

= 0.0209 mol L*

= [OH ] = 0.0209 mol L™

OH™

17. CHEMISTRY, M6 2020 HSC 33

a. Ca(OH);,(s) + 2HCl(aq) — CaCly (aq) + 2H20 (1)

¢ Mean mark (a) 48%. n(HCI) = ¢ x V = 2.00 x 0.100 = 0.200 mol

HCL 2
n(Ca(OH),) = % = % = 0.100mol

b. Ca(OH); (s) = Ca?* (aq) + 20H™ (aq)

947 D 0.100 _ _1 444 Mean mark (b)
[Ca ] = v = m = 1.00 mol L 20%.

Mean mark (b) 51%.

Ky = [Ca®*][OH ]2
5.02 x 10°% = 1.00 x [OH ]?
[OH] = V/5.02 x 10°©
=224 x 1073 mol L™*
pOH = —logy((2.24 x 10°%)
= 2.650

. pH =14 — 2.650 = 11.35




18. CHEMISTRY, M5 2023 HSC 37
[CO,]
[COJ?
1.21 x 1073
(1.10 x 107 2)2

a. Q=

= 10.0

Since @ = K4, system is in equilibrium.

+4¢ Mean mark (b)

b. Given [CO] = [CO.], 24%.
[002} 1
Ky = —5 = —= = 10.00
* [co)?  [co]
__r _ -1
= [00] = To== = 0.1000mol L

= [CO3] = 0.1000mol L~

From this point, the change in CO and CO, concentrations can
be calculated...

2CO (g) CO2(g) [C(s)
Initial 1.10 x 1072 | 1.21 x 1073
Change +0.0890 +0.0988
Equilibrium 0.1000 0.1000

However, the change in moles of CO- in the system consists of:

e Change in CO5 concentration

e Change in CO concentration (as some of the added CO, was converted into CO)

n(COy) required to increase [CO] by 0.0988 mol (1 litre vessel)
Formula ratio shows CO3:CO = 1 mol: 2 mol
n(COy) to add to increase [CO3] = 0.0988 mol (1 litre vessel)

n(CO2) total toada = 0.0988 mol + n(CO, to make CO)
0.0890

n(COy) to add to increase [CO] = = 0.0445 mol

n(CO2) total to add = 0.0988 + 0.0445 = 0.143 mol

Copyright © 2016-2025 M2 Mathematics Pty Ltd (SmarterMaths.com.au)




