
	 1� updated April 29, 2022

Comprehending Chemistry Year 12 
Errata
29/04/2022

On page 65, Module 5 Review test answers, Question 10, the last line of workings should end in 
0.11 not 0.26.

On page 134, Exercise 7.2, Question 5 should refer to “isomers” instead of “chain isomers”.

p65

p134

© Five Senses Education Comprehending Chemistry Year 12 65

Module 5 Review test answers – continued

8. 2CO (g) + O2 (g)  2CO2 (g); Keq =
 

[CO2]2

[CO]2[O2]

9. P4 (s) + 6Cl2 (g)  4PCl3 (l); Keq = [Cl2]
6

10. 2ICl3 (g)  I2 (g) + 3Cl2 (g). 

ICl3 I2 Cl2

[ICl3] = 1.1/2.0 = 0.55 mol/L [Cl2] = 0.8/2.0 = 0.4 mol/L

i = 0.55 mol/L i = 0 i = 0

c = −0.133 × 2 = −0.266 c = +0.4/3 = 0.133 c = +0.4

e = 0.284 e = 0.133 e = 0.4

So, Keq = (0.133 × 0.43) ÷ 0.2842 = 0.11

11. If the Keq = 0.082 for the forward reaction, then the Keq = 1/0.082 = 12.195 for the reverse reaction.
12. l2 (g) + H2 (g)  2HI (g).

I2 H2 2HI

[I2] = 4.0/2.0 = 2.00 mol/L [H2] = 2.5/2.0 = 1.25 mol/l [HI] = 1.5/2.0 = 0.75 mol/L

i = 2.0 i = 1.25 i = 0

c = −0.75/2 = −0.375 c = −0.75/2 = −0.375 c = +0.75

e = 1.625 e = 0.875 e = 0.75

So, Keq = 0.752 ÷ (1.625 × 0.875) = 0.396

Changing the volume/pressure of this system has no effect on the equilibrium as the number of moles of 
gas on the reactant and product side is equal.

13. The Keq will be greater. The forward reaction 
is exothermic – generates heat. Cooling an 
exothermic system causes the forward reaction 
to be favoured (heat-generating to counteract 
the cooling), which increases the product 
concentration. This causes an increase in the Keq 
value.

14. Carbon dioxide is a product of glucose respiration 
in the body. The more glucose burnt during 
vigorous exercise, the greater the concentration 
of carbon dioxide produced. This causes an 
increase in the hydrogen carbonate concentration 
(the way carbon dioxide is transported in the 
blood). Hydrogen carbonate is a reactant for 
the second reaction in the equilibrium. As the 
reactant concentration increases, the forward 
reaction, which generates acid, is favoured to 
counteract the increase. This causes an overall 
increase in acid in the blood.

15. KNO3 (s)  K+ (aq) + NO3
− (aq); Ksp = [K+][NO3

−].
16. A strong electrolyte has a greater Ksp value 

compared to a weak electrolyte as the strong 
electrolyte will have a greater concentration of 
ions in solution.

17. Ba(OH)2 (s)  Ba2+ (aq) + 2OH− (aq); Ksp = 5 × 10−3 
= [Ba2+][OH−]2 where [Ba2+] = x and [OH−] = 2x.  
So, 5 × 10−3 = 4x3, and x3 = 1.25 × 10−3, x =  √³ 1.25 
× 10−3 = 0.108 mol/L.  CuCl (s)  Cu+ (aq) + 
Cl− (aq); Ksp = 2 × 10−7 = [Cu+][Cl−] where [Cu+] = x 
and [Cl−] = x. So, 2 × 10−7 = x2, and x = √2 × 10−7 = 
4.47 × 10−4 mol/L. Therefore, barium hydroxide 
has greater solubility.

18. CaSO4 (s)  Ca2+ (aq) + SO4
2− (aq); Ksp = [Ca2+]

[SO4
2−] = 4.93 × 10−5. So, x2 = 4.93 × 10−5 and x 

= √4.93 × 10−5 = 7.02 × 10−3 mol/L. This equals 
0.95 g/L.

19. Ag2SO4 (s)  2Ag+ (aq) + SO4
2− (aq); Ksp = 

[Ag+]2[SO4
2−] = 1.20 × 10−5. So, 4x3 = 1.20 × 10−5 and 

x3 = 3.0 × 10−6 and x = 0.0144 mol/L = 4.496 g/L.
20. Calcium sulfate is more soluble in water than 

sulfuric acid due to the common ion effect. 
Calcium sulfate dissociates according to CaSO4 (s) 

 Ca2+ (aq) + SO4
2− (aq) and sulfuric acid 

completely dissociates according to H2SO4 (aq) 
2H+ (aq) + SO4

2− (aq). The sulfate ions from 
the acid dissociation increase the overall sulfate 
concentration in the system which pushes the 
equilibrium to the reactants, which is the solid 
calcium sulfate. 

Module 5 Answers

The last type of isomerism you need to understand for this module is that of functional group 
isomers. As the name suggests, the molecules have the same formula but different functional 
groups are present.  The simplest example is the isomers that can be formed by the atoms 
C3H6O. Three of the possible isomers for this formula include propanal, propanone, and 
2-propenol as shown below. 

LꙬK and LEARN

This short video introduces chain isomers and lists the number of possible isomers 
for chains of increasing numbers of carbon atoms:

• https://www.youtube.com/watch?v=xZfhJPNIS-0. 

This video discusses structural or chain isomers of alkanes (with a little digression in 
the middle about leaded petrol!):

• https://www.youtube.com/watch?v=NgzFok_BA_0. 

A quick video on functional group isomers:

• https://www.youtube.com/watch?v=F7htwAoGCV8.

2-propenolpropanal propanone

2-butene1-butene

Exercise 7.2 Isomers

1. Define the term isomer.

2. Why does a chain isomer occur?

3. Draw the structures for the chain isomers of pentane, 2-methylbutane and 
2,2-dimethylpropane.

4. Describe, with examples, how a position isomer differs to a functional group isomer.

5. Draw the structures for the isomers 3-hexene and 2-hexene.

6. Draw the structures for pentanal and 3-pentanone and state what type of isomerism 
these structures exhibit.

7. There are two functional group isomers that can be formed from the molecular 
formula C6H12; one is an alkane and one is an alkene. Draw the alkane isomer and one 
of the possible alkene isomers.
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On page 239, Table 8.4, iron’s flame colour should be “pale green-yellowish” instead of 
“pale green-colourless”.

Therefore on page 289, Module 8 Review test answers, Question 3 should read that  
“Fe2+ has a pale green-yellowish flame …” not a pale green flame.

On page 297, Sample Exam answers: Section 1, Question 12, the answer is C not D.

Topic One: Analysis of inorganic substances

Table 8.4 Flame colour tests for common cations

Ion Charge Flame colour

barium 2+ pale apple/pale green

calcium 2+ brick red/orange-red

copper 2+ blue-green

iron 2+ pale green-yellowish

iron 3+ yellowish-brown

lead 2+ pale blue

magnesium 2+ intense white flame

silver 1+ none no notable colour

Some cations do not have a very strong flame colour test, and anions generally cannot be 
tested using flame colour, so ions can also be qualitatively tested using simple precipitation 
reactions. In some cases, the colour of the precipitate formed is an indicator of the ions 
present, while in other cases, it is simply a matter of whether a precipitate forms or not. 
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Sample Exam Answers

Section 1: Multiple choice answers

1. C
2. C
3. A
4. D
5. D

6. A
7. C
8. D
9. A
10. B

11. B
12. C
13. D
14. C
15. A

16. B
17. D
18. A
19. C
20. D

Section 2 answers

21. a. 1.6 × 10−9 mol/L. pH + pOH = 14, so pH = 8.8 
and [H+] = 10−pH.

b. HCl is a strong acid, meaning it that it fully 
dissociates into H+ and Cl−, so there will be 0.1 
mol/L H+ which is equal to pH 1. HF does not full 
dissociate into its ions, so only a fraction of the 
HF will produce H+ ions, meaning the pH will be 
higher. The actual [H+] = 0.008 mol/L.

c. 2.2. Formic acid dissociates according to 
HCOOH (aq) + H2O (l)  H3O+ (aq) + HCOO− (aq), 
so the  

Ka = 
[H2O

+] [HCOO-]

[HCOOH]
  = 1.77 × 10−4. Substituting 
known values for HCOOH 

(this is a weak acid so the HCOOH concentration 
remains unchanged) and ‘x’ for the ions, the 
expression becomes x2 = 1.77 × 10−4 × 0.25 mol/L 
= 4.425 × 10−5.  So x = [H+] = 4.425 × 10−5 = 6.65 × 
10−3 mol/L.  pH = −log [6.65 × 10−3] = 2.21

22. H2 (g) + I2 (g)  2HI (g)

H2 I2 2HI

I 0.5 0.5 0
C −0.78/2 −0.78/2 +0.78
E 0.11 0.11 0.78

Note the initial concentration of hydrogen and io-
dine need to be calculated by C=n/V = 0.5 mol/L

Keq =  
[HI]2

[H2] [I2]
   =  

[0.78]2

[0.11] [0.11] 
    = 50.3

The Keq for the reverse reaction is 1/50.3 = 0.02

23. Pentyl ethanoate is an ester and its structure is:   
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Multiple choice answers 
1. C 
2. C 
3. A 
4. D 
5. B 
6. A 
7. C 
8. D 
9. A 
10. B 

11. B 
12. C 
13. D 
14. C 
15. A 
16. B 
17. D 
18. A 
19. C 
20. D 

 

Section 2 answers 
21. a. 1.6 × 10-9 mol/L. pH + pOH = 14, so pH = 8.8 and [H+] = 10-pH. 

b. HCl is a strong acid, meaning it that it fully dissociates into H+ and Cl-, so there will be 0.1 mol/L H+ which 
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[HCOOH]  = 1.77 × 10-4. Substituting known values for HCOOH and ‘x’ for the ions, the expression 

becomes x2 = 1.77 × 10-4 × 0.25 mol/L = 4.425 × 10-5. So ‘x’ = [H+] = √4.425 ×  10−5 = 6.65 × 10-3 mol/L. 
pH = -log 6.65 × 10-3 = 2.2 

22. H2 (g) + I2 (g)  2HI (g) 
 H2 I2 2HI 
I 0.5 0.5 0 
C -0.78/2 -0.78/2 +0.78 
E 0.11 0.11 0.78 

 
Note the initial concentration of hydrogen and iodine need to be calculated by C=n/V = 0.5 mol/L 
Keq = [HI]2

[H2][I2] = [0.78]2

[0.11][0.11] = 50.3 
The Keq for the reverse reaction is 1/50.3 = 0.02 

23. Pentyl ethanoate is an ester and its structure is: 
 

C5H11OH (l) + CH3COOH (l)  C5H11OOCCH3 (l) + H2O (l) 

1-pentanol + ethanoic acid (acetic acid)  pentyl ethanoate + water 

The catalyst is concentrated sulfuric acid 

24. The isomers are pentane, 2-methyl butane and 2,2-dimethylpropane 
       

 

 

Pentane has the highest boiling point (36°C) as it has the most ‘linear’ structure which means the individual 
molecules can build up stronger intermolecular forces (dispersion forces) then the other isomers. This will 
result in a higher boiling point as more energy is required to overcome the attractive forces between the 
molecules. The 2,2-dimethyl propane isomer will have the lowest boiling point (9.5°C) as its structure has 
more branching which does not allow for close association between the individual molecules. This means 
that the intermolecular forces will be the weakest for this isomer, so it will have the lowest boiling point. 
This means that 2-methylbutane, which has intermediate branching, has the intermediate boiling point. 

25. pH = 1.40 

C5H11OH (l) + CH3COOH (l)  C5H11OOCCH3 (l) + 
H2O (l)
1-pentanol + ethanoic acid (acetic acid)  
pentyl ethanoate + water
The catalyst is concentrated sulfuric acid.

24. The isomers are pentane, 2-methyl butane and 
2,2-dimethylpropane

Pentane has the highest boiling point (36°C) as 
it has the most ‘linear’ structure which means 
the individual molecules can build up stronger 
intermolecular forces (dispersion forces) then 
the other isomers. This will result in a higher 
boiling point as more energy is required to 
overcome the attractive forces between the 
molecules. The 2,2-dimethyl propane isomer 
will have the lowest boiling point (9.5°C) as its 
structure has more branching which does not 
allow for close association between the individual 
molecules. This means that the intermolecular 
forces will be the weakest for this isomer, so it 
will have the lowest boiling point. This means 
that 2-methylbutane, which has intermediate 
branching, has the intermediate boiling point.
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Multiple choice answers 
1. C 
2. C 
3. A 
4. D 
5. B 
6. A 
7. C 
8. D 
9. A 
10. B 

11. B 
12. C 
13. D 
14. C 
15. A 
16. B 
17. D 
18. A 
19. C 
20. D 
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Pentane has the highest boiling point (36°C) as it has the most ‘linear’ structure which means the individual 
molecules can build up stronger intermolecular forces (dispersion forces) then the other isomers. This will 
result in a higher boiling point as more energy is required to overcome the attractive forces between the 
molecules. The 2,2-dimethyl propane isomer will have the lowest boiling point (9.5°C) as its structure has 
more branching which does not allow for close association between the individual molecules. This means 
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This means that 2-methylbutane, which has intermediate branching, has the intermediate boiling point. 
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Multiple choice answers 
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2. C 
3. A 
4. D 
5. B 
6. A 
7. C 
8. D 
9. A 
10. B 

11. B 
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13. D 
14. C 
15. A 
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18. A 
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20. D 

 

Section 2 answers 
21. a. 1.6 × 10-9 mol/L. pH + pOH = 14, so pH = 8.8 and [H+] = 10-pH. 

b. HCl is a strong acid, meaning it that it fully dissociates into H+ and Cl-, so there will be 0.1 mol/L H+ which 
is equal to pH 1. HF does not full dissociate into its ions, so only a fraction of the HF will produce H+ ions, 
meaning the pH will be higher. The actual [H+] = 0.008 mol/L. 

c. 2.2. Formic acid dissociates according to HCOOH (aq) + H2O (l)  H3O+ (aq) + HCOO- (aq), so the Ka = 
[H3O+][HCOO−]

[HCOOH]  = 1.77 × 10-4. Substituting known values for HCOOH and ‘x’ for the ions, the expression 

becomes x2 = 1.77 × 10-4 × 0.25 mol/L = 4.425 × 10-5. So ‘x’ = [H+] = √4.425 ×  10−5 = 6.65 × 10-3 mol/L. 
pH = -log 6.65 × 10-3 = 2.2 

22. H2 (g) + I2 (g)  2HI (g) 
 H2 I2 2HI 
I 0.5 0.5 0 
C -0.78/2 -0.78/2 +0.78 
E 0.11 0.11 0.78 

 
Note the initial concentration of hydrogen and iodine need to be calculated by C=n/V = 0.5 mol/L 
Keq = [HI]2

[H2][I2] = [0.78]2

[0.11][0.11] = 50.3 
The Keq for the reverse reaction is 1/50.3 = 0.02 

23. Pentyl ethanoate is an ester and its structure is: 
 

C5H11OH (l) + CH3COOH (l)  C5H11OOCCH3 (l) + H2O (l) 

1-pentanol + ethanoic acid (acetic acid)  pentyl ethanoate + water 

The catalyst is concentrated sulfuric acid 
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3. A 
4. D 
5. B 
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8. D 
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10. B 
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Module 8 Answers

8.11 The design of chemical syntheses – continued

3. » continued from previous page.
430°C and then reacted with oxygen in a 
reversible reaction to form 2 moles of SO3. The 
SO3 is then cooled to approximately 130°C and 
reacted with water to form the sulfuric acid, 
H2SO4. (Include reactions for a complete answer).

4. The reaction temperatures are decreased as 
the formation of sulfur trioxide is an exothermic 
reversible reaction, so a high temperature would 
favour the reactants, not the product. The 
temperature is reduced again for the final step, 
as the sulfuric acid may form dangerous mists at 
high temperatures which are dangerous/difficult 
to handle. 

5. Cholesterol is usually oxidised using the 
Windaus procedure which oxidises carbon 7 

to from a carbonyl group (C=O). This group 
is then dehydrogenated to form a double 
bond in this position forming the molecule 
7-dehydrocholesterol. The 7-dehydrocholesterol 
is then irradiated with UV radiation of 
wavelengths 290 – 320 nm forming vitamin D3 or 
cholecalciferol.

6. Cholesterol is an animal fat used to form vitamin 
D3 which is a more bioactive form than vitamin 
D2 which can be obtained from plant sterols. The 
cholesterol obtained from lanolin is less likely to 
contain pathogens (prions) than that obtained 
from blood or brain material. Cholesterol of high 
purity is required to obtain greatest yields of 
vitamin D3 as well as being safe for consumption.

Module 8 Review test answers

1. Inhibits lathering/cleaning ability, builds up scale 
that may block plumbing over time.

2. By the burning of fossil fuels or the combustion of 
nitrogen in air at very high temperatures.

3. Flame test colour – Fe2+ has a pale green-
yellowish flame, Fe3+ has a yellowish-brown 
flame. Precipitation with sodium hydroxide – Fe2+ 
forms a green precipitate, Fe3+ forms a rusty 
orange/brown precipitate. 

4. 2I− (aq) + Pb2+ (aq)  PbI2 (s). Extra information 
– the lead iodide precipitate is a bright yellow 
colour.

5. 165.2 mg. There is 1.447 mg cholesterol in the 
0.15 g sample (from the standard curve). This 
came from a total egg yolk mass of 17.12 g, so 
17.12/0.15 × 1.447 = 165.2 mg in the egg yolk = 
total cholesterol in the egg. 

6. The cathode ray tube emits radiation generated 
by a specific atom (the one under investigation). 
This is then passed through atomised samples 
containing that atom and some of the atoms will 
absorb the radiation. The amount of radiation 
absorbed is proportional to the amount of the ion 
in the sample.

7. Answers could include the target nuclei are 
different (1H in proton NMR and 13C in 13C NMR), 
the chemical shift regions, and the information 
obtained (chemical environments, peak splitting 
and peak height in 1H NMR).

8. Two – the CH3 (× 2) and CH2 (1) give two different 
chemical environments.

9. 2-Butene. The spectrum for 2-butene has two 
different carbon environments, while 1-butene 
has three different carbon environments.

10. See Figure 8.13 (page 265). The sample port 
enables sample injection, an electron beam 
ionises the sample, the ion repeller repels the 
ions into the electric field. The electric field 
accelerates the ions into the magnetic field which 
separates the ions based on mass and charge. 

The separated fragments are then sensed using 
the detector which converts the pulse into a 
spectrum. The magnetic field separates due to 
mass – the heavier the fragment, the less it will 
be deflected by the magnetic field, and the lighter 
the fragment the more it will be deflected. Only 
charged particles will be accelerated into the 
magnetic field, so the detector can produce a 
spectrum based on the fragment mass and charge 
ratio (m/Z).

11. The methyl group CH3
+.

12. The O-H bond in alcohols absorbs in the region 
of 3230 – 3550 cm−1 and has a broad peak. 
The hydroxyl group in carboxylic acids absorbs 
maximally in the region of 2500 – 3000 cm−1 and 
has a very broad peak. 

13. 71.5%. There are 2 moles of both silver 
(216/107.9 = 2) and chlorine (71.3/35.45 = 2) 
ions, so the theoretical yield is 2 moles silver 
chloride, which would have a mass of 286.6 g. 
205/286.6 × 100 = 71.5%.

14. The reaction temperature needs to be high 
enough that the reaction proceeds at a 
commercially viable rate.

15. The oxidation with permanganate does not 
give any useful information as both these 
classes of molecules are oxidised with this 
reagent. The IR spectrum shows a broad peak 
at 3230 – 3550 cm−1 which is indicative of a -OH 
group. There is no peak at 1680 – 1750cm−1 
which would be expected if the molecule was an 
aldehyde (butanal). The 13C NMR spectrum shows 
peaks at 50 – 90 ppm which is characteristic of 
the C-O bond in alcohols, and there is no shift 
in the region of 190 – 200 ppm which would be 
expected if the molecule was an aldehyde. The 
spectrum also shows four peaks indicating four 
different carbon environments in the molecule 
which is characteristic of 1-butanol. The molecule 
is 1-butanol.
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