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Chemistry SEE marking guide 
and response 
External assessment 2021 

SEE 1: Combination response (60 marks) 

SEE 2: Combination response (108 marks) 

Assessment objectives 
This assessment instrument is used to determine student achievement in the following 
objectives: 

2. apply understanding of chemical equilibrium systems, oxidation and reduction, properties and
structure of organic materials, and chemical synthesis and design

3. analyse evidence about chemical equilibrium systems, oxidation and reduction, properties
and structure of organic materials, and chemical synthesis and design

4. interpret evidence about chemical equilibrium systems, oxidation and reduction, properties
and structure of organic materials, and chemical synthesis and design

5. investigate phenomena associated with chemical equilibrium systems, oxidation and
reduction, properties and structure of organic materials, and chemical synthesis and design

6. evaluate processes, claims and conclusions about chemical equilibrium systems, oxidation
and reduction, properties and structure of organic materials, and chemical synthesis and
design

7. communicate understandings, findings, arguments and conclusions about chemical
equilibrium systems, oxidation and reduction, properties and structure of organic materials,
and chemical synthesis and design.

Note: Unit objective 1 is not assessed in this examination. 
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Purpose 
This document consists of a marking guide and a sample response. 

The marking guide: 

· provides a tool for calibrating external assessment markers to ensure reliability of results 

· indicates the correlation, for each question, between mark allocation and qualities at each 
level of the mark range 

· informs schools and students about how marks are matched to qualities in student responses. 

The sample response: 

· demonstrates the qualities of a high-level response 

· has been annotated using the marking guide. 

Mark allocation 
Where a response does not meet any of the descriptors for a question or a criterion, a mark of ‘0’ 
will be recorded. 

Where no response to a question has been made, a mark of ‘N’ will be recorded. 

Allowing for FT error — refers to ‘follow through’, where an error in the prior section of working is 
used later in the response, a mark (or marks) for the rest of the response can be awarded so long 
as it still demonstrates the correct conceptual understanding or skill in the rest of the response. 
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Marking guide 
Section 1: Short response 

Q Sample response The response: 

1a) nH2SO4 = cV 
           = 0.050 mol L–1 × 0.01060 L 
           = 0.00053 mol H2SO4 
nNH4OH = 2/1 × 0.00053 mol 
           = 0.00106 mol NH4OH 
cNH4OH = n/V 
           = 0.00106 mol / 0.015 L 
           = 0.071 mol L–1 NH4OH 
Concentration = 0.071 mol L–1 (to three decimal places) 

· calculates moles of H2SO4 [1 mark] 
· calculates concentration of NH4OH [1 mark] 
· calculates moles of NH4OH [1 mark] 

1b) Data from Cleaning solution C was used to construct the titration 
curve. 
The end point on the titration curve is at 6.6 mL, which matches the 
recorded titre value for Cleaning solution C (6.60 mL). 

· determines Cleaning solution C was used to 
construct the titration curve [1 mark] 

· provides appropriate reasoning based on 
end-point data [1 mark] 

1c) As the concentration of NH4OH increases, the pH of the solution 
also increases. This can be seen by comparing the pH of each 
solution when sequenced from lowest to highest concentration: 
D (10.75–10.85) < B (10.85–10.95) < C (10.95–11.05) < E (10.95–
11.05) < A (11.05–11.15).  
When considering pH uncertainties, there is some overlap in the pH 
data at these concentrations, suggesting the pH meter does not 
give an accurate enough reading to establish a quantitative 
relationship at these concentrations, but a general trend can be 
seen. 

· identifies that as the concentration of NH4OH 
increases, the pH of the solution increases 
[1 mark] 

· considers the measurement uncertainty 
[1 mark] 
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Q Sample response The response: 

2a) Aldehydes are the least soluble in water.  
By comparing the solubilities of compounds with the same number 
of carbons, it can be seen that:  
Propanoic acid = 1-propanol > propanal 
Butanoic acid > 1-butanol > butanal 
Pentanol > pentanal 

· determines that aldehydes are least soluble in 
water [1 mark] 

· provides appropriate reasoning using the data 
[1 mark] 

2b) The data shows that chain length affects the solubility and boiling 
point of carboxylic acids, alcohols and aldehydes. Boiling point 
increases proportionally with chain length for all classes of 
compound, having a slightly greater effect on aldehydes than 
carboxylic acids and alcohols (~27 °C increase/carbon for 
aldehydes, ~23 °C increase/carbon for carboxylic acids, and ~20 °C 
increase/carbon for alcohols).  
Chain length also affects solubility for alcohols and aldehydes, but 
the effect is not linear. The aldehyde and alcohol data suggest that 
the longer the chain length, the less soluble, and the rate at which 
solubility decreases gets smaller as chain length increases.  
There is no clear solubility trend for the carboxylic acid data. 

· identifies that the longer the chain length, the 
higher the boiling point is [1 mark] 

· justifies using boiling point data [1 mark] 
· identifies that the longer the chain length, the 

lower the solubility is [1 mark] 
· justifies using solubility data [1 mark] 

2c) The boiling point of alcohols increases by ~20 °C for every  
14 g mol-1 increase in molecular mass. This suggests the b.p. of  
1-hexanol is ~(138 + 20) 158 °C. 

· predicts the boiling point of 1-hexanol 
[1 mark] 

· provides appropriate reasoning using data 
from the table [1 mark] 
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Q Sample response The response: 

3a) 1. Cu  
2. Z 
3. Fe 
4. Zn 
5. X  
6. Mg 

· correctly identifies the position of Metal X as 
stronger than Zn and weaker than Mg [1 mark] 

· correctly identifies the position of Metal Z as 
stronger than Cu and weaker than Fe [1 mark] 

3b) Metal X is manganese. 
The displacement data suggests the reactivity of Metal X falls 
between zinc and magnesium. Using the Reactivity series of metals 
table in the Formula and data book, we can predict the metal could 
be aluminium, carbon or manganese, and that it would act as the 
anode when connected to a copper electrode. Using the voltage 
data, we can infer that: 
1.52 = 0.34 + (–EMFX) 
–1 × (1.52 – 0.34) = EMFX 
–1.18 = EMFX 
This suggests that Metal X is manganese. 

· identifies Metal X as manganese [1 mark] 
· justifies using evidence from the 

displacement data [1 mark] 
· justifies using evidence from the galvanic cell 

data [1 mark] 
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Section 2: Extended response 

Q Sample response The response: M 

4a) The research question addresses the atom efficiency of 
processes used to synthesise biodiesel using methanol and 
ethanol. A key principle of green chemistry is to design chemical 
synthesis processes that minimise the amount of unwanted 
product. Atom economy provides data about this because it 
indicates the theoretical percentage of reactants that get 
converted into desirable product (biodiesel). Atom efficiency 
combines this information with percentage yield to determine 
the actual percentage of reactants that get converted into 
desirable product. As a higher atom efficiency indicates a 
greener process, this information can be used to determine 
which synthesis process is ‘greener’. 

Applies understanding 

· identifies that

- atom efficiency provides data about the
actual percentage of reactants that get
converted into desirable product

1 

- atom economy provides data about the
theoretical percentage of reactants that get
converted into desirable product

1 

- a higher atom efficiency indicates a greener
process

OR 
- a higher atom economy indicates a greener

process

1 

4b) Figure 2 shows that atom efficiency (AE) for the methanol 
reaction increased with reaction time until 4 minutes, when a 
maximum AE of 88% was achieved. This suggests that 4 
minutes is optimal for the methanol reaction and that it is 
possible to achieve 100% yield under these conditions. 
The maximum AE for the ethanol reaction (84%) occurred at 
two minutes; however, this data point is an outlier and may have 
occurred due to random error. Even though the reaction is 
reversible, products were removed as the reaction proceeded, 
so it is unlikely that a greater reaction time would result in less 
product. The trend suggests that AE increases with time, and 
that the optimal reaction time for ethanol may be > 5 minutes. 
This is further supported by the fact that only 83% AE (93% 
yield) was achieved. 
Figure 3 indicates the optimal methanol-to-oil ratio is 8:1 and 
that 100% yield can be achieved for the methanol reaction. The 
maximum AE for ethanol (73%, 85% yield) occurred when the 

Analyses evidence 

· for the reaction time data, identifies that

- for the methanol reaction, atom efficiency
increases with reaction time

1 

- for the methanol reaction, maximum atom
efficiency occurs at 4 minutes

1 

- for the ethanol reaction, atom efficiency
increases with reaction time

1 

- there is an outlier at 2 minutes for the
ethanol data

1 

- maximum atom efficiency was 88% for the
methanol reaction and 80% for the ethanol
reaction

1 
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Q Sample response The response: M 

ratio was 10:1; however, the trend shows that AE increases as 
molar ratio increases, so optimal molar ratio for the ethanol 
reaction could be > 10:1.  
Figure 4 shows optimal AE for the methanol reaction (88%) was 
achieved using catalyst concentrations of 0.5% and 0.75%, and 
that a maximum AE of 73% was achieved using 0.75% for 
ethanol. As both graphs show a similar trend of AE decreasing 
with concentrations greater than and less than this, it can be 
inferred that NaOH concentration of 0.75% is optimal for both 
reactions. 
Figure 5 shows that similar AEs were obtained for all oil 
volumes investigated. This suggests oil volume does not have a 
significant effect on either reaction. 

- 100% yield was achieved for the methanol
reaction, but not the ethanol reaction

1 

- the range of data is insufficient to establish
optimal conditions for ethanol

1 

· for the molar ratio data (Figure 3), identifies that

- for the methanol reaction, atom efficiency
increases with molar ratio

1 

- for the methanol reaction, maximum atom
efficiency occurs at 8:1

1 

- for the ethanol reaction, atom efficiency
increases with molar ratio

1 

- maximum atom efficiency was 88% for the
methanol reaction and 73% for the ethanol
reaction

1 

- 100% yield was achieved for the methanol
reaction, but not the ethanol reaction

1 

- the range of data is insufficient to establish
optimal conditions for ethanol

1 

· for the catalyst concentration data (Figure 4),
identifies that

- maximum atom efficiency occurred with
catalyst concentrations of 0.5% and 0.75%
for methanol

1 

- maximum atom efficiency occurred with
catalyst concentrations of 0.75% for ethanol

1 

- the maximum atom efficiency for methanol
was 88%

1 
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Q Sample response The response: M 

- the maximum atom efficiency for ethanol was
73%

1 

· for the oil volume data (Figure 5), identifies
that atom efficiency does not change with oil
volume

1 

Interprets evidence 

· determines

- one optimal reaction condition for the
methanol reaction

1 

- one optimal reaction condition for the ethanol
reaction

1 

- all optimal reaction conditions for the
methanol reaction

1 

- all optimal reaction conditions for the ethanol
reaction

1 

Communication 

· demonstrates

- fluent and concise use of language and
representations

1 

- competent use of scientific language and
representations

1 
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Q Sample response The response: M 

4c) The maximum atom efficiency (AE) was 88% for methanol and 
80% for ethanol. This equates to percentage yields of 100% and 
93% respectively. Time, molar ratio and catalyst concentration 
were all shown to affect AE by affecting the percentage yield. 
Results suggest the optimal conditions for the two reactions are 
different, and that the controlled conditions were optimal for 
methanol, but not for ethanol. This is a significant limitation of 
the evidence and could be the reason why the methanol 
reaction was shown to have higher AE in almost all situations.  
This has made it difficult to draw a valid conclusion because the 
experimental design clearly favours methanol. For example, a 
reaction time of 5+ minutes was shown to be optimal for the 
ethanol reaction, yet the controlled reaction time was 4 minutes. 
In saying this, the experiment has shown that 100% yield is 
possible for the methanol reaction, so even if optimal conditions 
were used for ethanol and achieved 100% yield, the maximum 
atom efficiency would still only be 86%. Based on this, it can be 
concluded that the AE of biodiesel production is greatest when 
methanol is used; however, only one trial appears to have been 
conducted for each experiment and it is unclear who conducted 
the investigation. This makes it difficult to evaluate the reliability 
of evidence. 

Interprets and evaluates evidence 

· concludes that the methanol reaction has a
higher atom efficiency

1 

· includes appropriate justification for the
conclusion

1 

· establishes that the reaction conditions were
optimal for methanol, but not ethanol

1 

· considers a second valid limitation of the
evidence

1 

· considers a third valid limitation of the
evidence

1 
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Q Sample response The response: M 

4d) Atom economy data indicates that the methanol reaction 
produces 2% less waste and is therefore theoretically greener. 
Atom efficiency data supports this, showing that 88% of reactant 
atoms get converted into biodiesel. While results for ethanol 
were inconclusive, it can be inferred that it is possible to convert 
80–86% of reactant atoms into biodiesel. These values assume 
that glycerol is a waste product. If it were found that glycerol had 
a useful function, this would make the atom economy for both 
reactions 100%, so yield would be the only limiting factor and 
atom economy and atom efficiency may not be the best criteria 
on which to judge ‘greenness’. 
To determine the overall ‘greenness’ of each process, the 
source of raw materials and use of hazardous chemicals should 
also be considered. Both reactions use sodium hydroxide as a 
catalyst. According to Figure 6, NaOH can be toxic, so its use 
should be minimised. Figure 3 shows that optimal atom 
efficiency can be achieved using 0.5% NaOH for the methanol 
reaction, whereas 0.75% NaOH is required to optimise the 
ethanol reaction. This suggests that methanol is ‘greener’ by 
this criterion as well; however, Figure 6 also indicates that 
methanol itself can be toxic, so more data on this is needed. 
Information about where and how methanol and ethanol are 
sourced is required. Ethanol can be produced by fermentation, a 
renewable process. If most ethanol used for biodiesel 
production was created in this way, it may be that the ethanol 
reaction is greener overall, even considering the lower atom 
efficiency.  
To conclude, the data provides some evidence to refute the 
claim that using ethanol in biodiesel production is a ‘greener’ 
option, but further information is required to evaluate each 
reaction based on established green chemistry criteria. The 
evidence could also be improved by obtaining atom efficiency 
data for each reaction when carried out at optimal conditions. 

Evaluates claims 

· uses atom efficiency data to establish that the
methanol reaction produces less waste and is
therefore ‘greener’

1 

· uses data to establish that the methanol
reaction produces less waste and is therefore
‘greener’

1 

Evaluates processes and conclusions 

· considers one aspect of green chemistry 1 

· considers a second aspect of green chemistry 1 

· makes a valid statement about the quality of
evidence

1 

Evaluates processes 

· suggests an extension that would improve the
evidence

1 
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Q Sample response The response: M 

4e) Does the type of alcohol (methanol or ethanol) used in the 
transesterification reaction affect the atom efficiency of biodiesel 
production when reaction conditions are optimised for both 
reactions? 

Investigates phenomena 

· identifies a new research question that

- states variables to be investigated 1 

- is relevant to the claim 1 



Chemistry marking guide and solution 
External assessment 2021 

Queensland Curriculum & Assessment Authority 

Marking guide SEE 2: Combination response 
Paper 1: Multiple choice 

Question Response 

1 A 

2 B 

3 C 

4 A 

5 C 

6 A 

7 D 

8 C 

9 D 

10 C 

11 B 

12 A 

13 D 

14 B 

15 D 

16 C 

17 B 

18 B 

19 A 

20 B 
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Paper 1: Short response 

Q Sample response The response: 

21 [OH−] = 2 × [Ba(OH)2] = 2 × 0.1 = 0.2 M 
pOH = –log [OH−] = –log 0.2 = 0.7 
pH = 14 ‒ pOH = 14 – 0.7 = 13.3
pH = 13.3 (to one decimal place) 

· correctly determines [OH−] = 0.2 M [1 mark]
· determines pOH = 0.7 [1 mark]
· determines pH = 13.3 [1 mark]

22a) 

IUPAC name: 2-methylbutane 

· correctly determines structural formula for 2-methylbutane
[1 mark]

· determines name [1 mark]

22b) 

IUPAC name: 2,2-dimethylpropane 

· correctly determines structural formula for
2,2-dimethylpropane [1 mark]

· determines name [1 mark]

23a) aspartic acid and phenylalanine · correctly identifies aspartic acid and phenylalanine
[1 mark]
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Q Sample response The response: 

23b) Isoleucine is a non-polar amino acid. 
The distance travelled by Spot A is similar to the distance 
travelled by isoleucine; therefore, Spot A is also non-polar. 
Spot A is phenylalanine because it is a non-polar amino acid. 

· indicates that isoleucine is non-polar [1 mark]
· indicates that Spot A is non-polar and travels a similar

distance to isoleucine [1 mark]
· determines that Spot A is phenylalanine [1 mark]

23c) To allow the distance travelled by the separated amino acids to 
be compared to control amino acids. 

· indicates that separated amino acids can be compared to
control amino acids [1 mark]

24a) MnO4
  − (aq) (+1.51 V) is a stronger oxidising agent than Cu2+(aq) 

(+0.34 V) because it has a more positive standard potential. 
MnO4

  − (aq) is preferentially reduced and gains electrons from 
Cu(s), which is oxidised. 
Therefore, electrons flow from Cu electrode to Pt electrode. 

· correctly identifies MnO4
  − as the stronger oxidising agent

[1 mark]
· correctly identifies that MnO4

  − gains electrons [1 mark]
· determines that electrons flow from Cu to Pt electrode

[1 mark]

24b) Eocell = Eored – Eoox = +1.51 – (+0.34) = 1.17 V · determines that the standard reduction potential is 1.17
[1 mark]
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Q Sample response The response: 

24c) Cu2+(aq) concentration will increase and the solution will become 
darker. 
MnO4

  –(aq) concentration will decrease and the solution will 
become lighter. 

· predicts that the Cu2+(aq) solution will become darker
[1 mark]

· predicts that the MnO4
  –(aq) solution will become lighter

[1 mark]

25a) Adding AgNO3 produces Ag+ ions, which react with Cl− ions to 
form insoluble AgCl, therefore decreasing the concentration of 
Cl− ions. 
Equilibrium shifts to reactants (left) to counteract the decrease 
by increasing the concentration of Cl− ions. 
The blue solution will become lighter (pinker). 

· correctly identifies that Cl− decreases [1 mark]
· identifies that equilibrium shifts to left (reactants) to

counteract the change [1 mark]
· identifies that the blue solution becomes lighter [1 mark]

25b) Adding heat shifts equilibrium towards the endothermic direction 
and produces CoCl4  2− ions, which are blue. 
Therefore, the forward reaction is endothermic. 

· identifies that the forward reaction has been favoured
[1 mark]

· determines that the forward reaction is endothermic
[1 mark]
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Q Sample response The response: 

26a) XY is the product. · identifies XY as the product [1 mark]

26b) 𝐾𝐾c = [XY]2

[X][Y]
= 32

2×2.5
 = 1.8 (to two significant figures) · indicates correct substitution [1 mark]

· determines 𝐾𝐾c = 1.8 [1 mark]

26c) 𝐾𝐾c > 1. 
Therefore, equilibrium favours the products. 

· identifies 𝐾𝐾c > 1 [1 mark]
· concludes that equilibrium favours products [1 mark]

27a) 3 × (+1) + As + 3 × (–2) = 0 
       3 + As – 6 = 0 

       As – 3 = 0 
As = +3 

· provides +3 [1 mark]

27b) Balanced oxidation half-equation: 
H3AsO3 + H2O  → H3AsO4 + 2H+ + 2e− 

Balanced reduction half-equation: 
NO3

  − + 2H+
 + e

−
 → NO2 + H2O

Multiply by 2: 
2NO3

  − + 4H+
 + 2e− → 2NO2 + 2H2O

Balanced redox equation: 
H3AsO3 + 2NO3

  − + 2H+ → H3AsO4 + 2NO2 + H2O 

· provides balanced oxidation half-equation [1 mark]
· provides balanced reduction half-equation [1 mark]
· uses multiplication factor to balance electrons [1 mark]
· determines balanced redox equation [1 mark]

27c) NO3
  −  · provides NO3

  − [1 mark]
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Q Sample response The response: 

28 · sketches an S-shaped curve with
- the half equivalence point at pH 10 and 10 mL [1 mark]
- the equivalence point < pH 7 at 20 mL [1 mark]
- initial pH between 10 and 12, and the final pH between 3

and 1 (but not below 1) [1 mark]
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Paper 2: Short response 

Q Sample response The response: 

1a) Acid: H3PO4
 (aq)  

Conjugate base: H2PO4
 −(aq) 

Reasoning: H3PO4
  is the strongest Brønsted-Lowry acid because 

it has the largest 𝐾𝐾a value. H3PO4
 (aq) donates a proton and 

H2PO4
 –(aq) accepts a proton. 

· identifies H3PO4
  as the acid and H2PO4

 − as the conjugate
base [1 mark]

· identifies H3PO4
  as the strongest acid due to having the

largest 𝐾𝐾a [1 mark]
· identifies acid as the H+ donor and base as the H+

acceptor [1 mark]

1b) H2PO4
  −(aq) is amphiprotic, because it can donate or accept a 

proton and therefore act as a Brønsted-Lowry acid or a base. 
· identifies an amphiprotic species [1 mark]
· identifies that this species can accept or donate protons

[1 mark]

1c) 𝐾𝐾w = 𝐾𝐾a × 𝐾𝐾b 

𝐾𝐾b = 𝐾𝐾w
𝐾𝐾a

=  10−14

4.5 × 10−13
 = 2.2 × 10−2 

· correctly substitutes into formula [1 mark]
· determines 𝐾𝐾b = 2.2 × 10−2 [1 mark]

1d) As 𝐾𝐾a is very small, the dissociation of H2PO4
  − → HPO4

  2− is very 
very small. 
Assume 0.05 >> 𝑥𝑥, therefore 0.05 – 𝑥𝑥 » 0.05 
At equilibrium [H2PO4

  −] = 0.05 ‒ 𝑥𝑥 = 0.05 
Let 𝑥𝑥 = [H+] = [HPO4

  2−] 

6.5 × 10−8 =  [𝑥𝑥][𝑥𝑥]
[0.05−𝑥𝑥]

 » 𝑥𝑥2

0.05

𝑥𝑥2 = 0.05 × 6.5 × 10−8 
𝑥𝑥 = √3.25 × 10−9  
𝑥𝑥 = 5.70 × 10−5 mol L–1 = [H+] 
pH = ‒log 5.70 × 10−5 
pH = 4.2 (to one decimal place) 

· indicates assumption 0.05 – 𝑥𝑥 » 0.05 [1 mark]
· shows substitution correctly performed [1 mark]
· correctly determines [H+] = 5.70 × 10−5 [1 mark]
· determines pH = 4.2 [1 mark]
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Q Sample response The response: 

2a) i) carboxylic acid monomer

ii) alcohol monomer

· provides the correct structural formula for
- benzene-1,4-dicarboxylic acid (terephthalic acid)

[1 mark]
- ethane-1,2-diol (ethylene glycol) [1 mark]

2b) condensation · determines polymerisation as condensation [1 mark]

2c) ester · identifies ester as the functional group [1 mark]

2d) addition · determines polymerisation as addition [1 mark]

2e) Structural features 
Isotactic and syntactic — both have regular arrangement methyl 
groups. Syntactic has methyl groups on the opposite side of the 
polymer chain, while isotactic has methyl groups on the same 
side of the chain. 
Properties 
Isotactic — chains can pack closer together, resulting in greater 
intermolecular forces. Isotactic PP is therefore stronger than 
syntactic PP. 

· identifies regular arrangement methyl groups [1 mark]
· identifies methyl groups on the opposite side of the chain

for syntactic and same side of the chain for isotactic PP
[1 mark]

· indicates that isotactic chains can pack closer together
[1 mark]

· indicates increased intermolecular forces for isotactic PP
[1 mark]

· indicates increased strength for isotactic PP [1 mark]
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Q Sample response The response: 

3a) Compound D is 1-butene. 
Undergoes addition reaction with Br2(aq). 

· identifies Compound D as 1-butene [1 mark]
· indicates that Compound D undergoes addition [1 mark]

3b) CH2CHCH2CH3 + Br2 → CH2(Br)CH(Br)CH2CH3 
IUPAC name: 1,2-dibromobutane 

· indicates balanced equation with the correct structural
formula for reactants and products [1 mark]

· correctly names 1,2-dibromobutane [1 mark]

3c) Compound C is butane. 
It can’t be oxidised by potassium manganate(VII) or undergo an 
addition reaction with bromine water. 
Therefore, Compound C is unreactive because it’s saturated. 

· identifies Compound C as butane [1 mark]
· identifies that Compound C cannot be oxidised [1 mark]
· concludes that Compound C is unreactive and saturated

[1 mark]

3d) · provides correct structural formula for butanal
for Compound Y [1 mark]

3e) 2-butanol · identifies Compound B as 2-butanol [1 mark]

3f) · provides correct structural formula for ethyl propanoate
for Compound Z [1 mark]

3g) IUPAC name: ethyl propanoate · correctly names ethyl propanoate [1 mark]
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Q Sample response The response: 

4a) 𝐾𝐾c = 
[HI]2

[H2]×[I2]
· provides 𝐾𝐾c =

[HI]2

[H2]×[I2]
 [1 mark] 

4b) Change in [H2]= [I2] = 9.30×10−4 mol
L

× 1 mol H2

2 mol HI
= 4.65 × 10−4  M 

[H2]eq = 5.00 × 10−4 − 4.65 × 10−4 = 3.50 × 10−5  M 

[I2]eq = 1.0 × 10−3 − 4.65 × 10−4 = 5.35 × 10−4  M 

𝐾𝐾c = �9.30×10−4�2

3.50×10−5 ×5.35×10−4
 = 46.2 

𝐾𝐾c = 46.2 (to three significant figures) 

· correctly determines change in [H2] = [I2] = 4.65 × 10−4
[1 mark]

· determines [H2]eq = 3.50 × 10−5  [1 mark]
· determines [I2]eq = 5.35 × 10−4  [1 mark]
· shows substitution correctly performed [1 mark]
· determines 𝐾𝐾c = 46.2 [1 mark]

4c) A catalyst will speed up both the forward and the reverse 
reactions. 
Therefore, the position of the equilibrium will not change. 
Therefore, there will be no change in the value of the equilibrium 
constant, 𝐾𝐾c. 

· identifies that a catalyst speeds up both the forward and
reverse reactions [1 mark]

· identifies that a catalyst has no effect on the position of the
equilibrium [1 mark]

· determines that a catalyst has no effect on the 𝐾𝐾c value
[1 mark]
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Q Sample response The response: 

5a) Fe(s) + H2SO4 (aq) → FeSO4(aq) + H2(g) · correctly identifies the balanced equation [1 mark]

5b) Fe (iron). 
Fe loses two electrons to form Fe2+(aq). 

· correctly identifies that Fe (iron) is oxidised [1 mark]
· indicates that Fe loses electrons to form Fe2+ [1 mark]

5c) MnO4
  −(aq) + 8H+(aq) + 5Fe2+(aq) → Mn2+(aq) + 4H2O(l) + 

5Fe3+(aq) 
· correctly balances 8H+ + 4H2O in equation [1 mark]
· correctly balances 5Fe2+ + 5Fe3+ in equation [1 mark]

5d) Moles MnO4
 –(aq) reacted = 0.01640 × 0.05 = 8.2 × 10−4  

MnO4
  – : 5Fe2+ 

Moles of Fe2+ in 25.00 mL = 5 × (8.2 × 10−4) = 4.1 × 10−3 mol 
Moles of Fe2+  in 500.0 mL = moles Fe in sample 
= 4.1 × 10−3 × 0.5000 ÷ 0.020 = 0.082 = 8.2 × 10−2 mol 
Mass Fe dissolved = 0.082 × 55.85 = 4.6 g (4.5797) 
% Fe in iron ore = 4.6 ÷ 8.00 = 56.5% (57.24625) 
Percentage Fe in ore sample = 56.5% (to one decimal place) 

· correctly determines 𝑛𝑛MnO4
  – = 8.2 × 10−4 [1 mark]

· determines 𝑛𝑛Fe2+ = 4.1 × 10−3 [1 mark]
· determines 𝑛𝑛Fe = 8.2 × 10−2 [1 mark]
· determines mass Fe = 4.6 g [1 mark]
· determines Fe = 56.5% [1 mark]
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