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 If the electrical energy source is renewable (e.g. wind/solar/hydro), there is no 

environmental impact because no CO2 is produced. 

 If the electrical energy source is coal or gas, the environmental impact is significant 

because CO2 produced during combustion of the fossil fuel adds to overall greenhouse 

gas levels 

Question 8ai. 

Either: 

 complete drying with propanone in a fume hood 

 do not use propanone near a naked flame. 

Question 8aii. 

Use a designated organic liquids disposal bottle. 

Question 8bi. 

Current 

Question 8bii. 

 time – to ensure the charge (from Q = It) variation between trial is determined by the 

current only 

 supplied voltage – to ensure voltage impact is the same in each trial and only current 

changes 

 electrode area/electrode separation/temperature 

Repeated using different currents implies concentration, distance between electrodes, surface area 

are also controlled. 

Question 8biii. 

Aim: To find the effect of varying the current on the mass of copper deposited during electrolysis.  

Question 8c. 

Either: 

 by a graph (of mass of Cu plated against current) 

 only showing current and mass plated in table. 

Question 8d. 

 The class data can be collated and an average mass of Cu for each current could be 

calculated. 

 If the collated data was consistent and showed that mass of copper plated increased with 

current, it would suggest the experiment was reliable/reproducible. 

Question 8e. 

In this experiment, the mass of copper deposited during electrolysis increased as the current 

increased. This was a linear relationship/mass of copper is directly proportional to current. 

Question 8f. 

Validity is increased by measuring the mass of both electrodes (as stated in the aim). If the 

increase in the mass in one electrode is not equal to the decrease in mass in the other electrode 

(within the uncertainty of the balance) then a random error is likely. 
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Since the mass of the plated copper is the difference between two measured masses, systematic 
error should be minimised unless some copper produced does not adhere to the cathode or some 
copper falls off the anode without being oxidised. 

 
Question 9a. 

Chemical bonding in tertiary structures  

The tertiary structure is made by the folding and twisting of the primary and secondary structures 
into shapes held in place by specific interaction between various Z-group residues. The actual 
bonding present will depend on the amino acids present in the primary structure. For example: 

x covalent bonds can form between Cys and Met, Cys and Cys residues 
x ionic bonds can form, depending on pH (between Asp and Asn) 
x hydrogen bonds can form (between His and Thr). 

Significance of the tertiary structure to the function of enzymes by maintaining the shape of 
the active site  

The shape of the active site, which is where the reaction occurs, is crucial to the function of the 
enzyme. It is shaped in such a way that the substrate ‘fits’ into the active site and attaches so that 
the reaction can occur. The tertiary structure of the enzyme is crucial for this. 

Interaction between the substrate and enzyme 

x ‘Attach’ at the active site. The substrate interacts with the active site of the enzyme. The 
bonds that form can be ion-ion, dipole-dipole, hydrogen bonding, ion-dipole (or 
electrostatic)  

x comparison of lock-and-key and induced fit models 

Question 9b. 

Possible factors: temperature, co-enzyme, substrate source/concentration, inhibiting factors such 
as heavy metals 

An explanation consistent with factor identified was required, for example:  

Factor temperature 

x Enzyme activity decreases if temperatures rise above 40 °C, as the active site is affected 
by denaturation. 

x Enzyme activity decreases at temperatures lower than 40 °C due to reduced frequency of 
successful collisions. 
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Consistent with CH3CH2COOCH3 

       t     q     s  

Question 9a. 

x No, NaBr(s) is not suitable as an electrolyte.  
x NaBr (s) is an ionic solid in which the ions are unable to move between electrodes.  
x Electrolytes must allow for the free movement of charged particles (ions) between the 

electrodes.  

One mark each was awarded for: 

x indication NaBr(s) is not suitable 
x why ionic solid is unsuitable 
x essential requirement of electrolyte. 

Question 9b. 

For a battery to be rechargeable:  

x the discharge reaction must be reversible 
x the products of discharge remain in the vicinity of electrodes. 

Improvements could lead to a greater cell potential/better performance/enhanced safety, for 
example: 

x Replace the Na in the electrode with another metal (Ca, K) to give a higher electrode potential 
(V). 

x Replace the Na in the electrode with a less reactive metal (e.g. Fe) to improve the safety. 
x Replace Br in the complex electrode with Cl for a higher electrode potential. 
x Replace NaBr with another molten electrolyte that allows transport of ions. The replacement 

electrolyte must not react with Na in the electrodes so it cannot be aqueous. 
x Dissolve NaBr in a non-reactive organic solvent (e.g. CCl4) to allow transport of ions. Toxicity 

of organic solvent is a safety concern. 

Safety implications 

Any relevant safety consideration for improvement to the HBH was required. This could involve the 
changes being more or less safe. It might involve isolating the cell to prevent reactions with oxygen 
and water, or the changes may lead to a much safer alternative. 

One mark each was awarded for: 

x requirements of a rechargeable battery 
x suggestion for improvement 
x justification of the suggestion 
x safety implications. 

 

Shift Splitting Information 

3.6 ppm Singlet No Hs on neighbouring C o –CH3 

2.4 ppm Quartet 3 Hs on the neighbouring C  

1.2 ppm Triplet 2 Hs on the neighbouring C  
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Question 8d. 
The spectrum is Y.  

Hydration of butene produces an alcohol and only Y shows an O-H absorption (3200-3600 cm-1). 

Y has absorption peaks for the O-H (alcohol) bond (3200-3600 cm-1) and the C-H bonds (2850-3090 cm-1). 

Question 9a. 
Possible controlled variables included: 

• concentration of I2 
• same mass of pineapple juice in each of 9 conical flasks 
• storage time of one day for each sample between analyses 
• using a set temperature to store each sample 
• same source of pineapple juice 

Question 9b. 
The dependent variable is the stability of ascorbic acid in pineapple juice/concentration of ascorbic acid in 
juice / V(I2). 

It is measured by determining how the concentration of the ascorbic acid in the pineapple juice decreased 
over time / Titre volume, V(I2), changes with time. 

Question 9c. 
Repeat the titration until concordant titres are obtained in Part B step 6 

Using 9 samples (to measure the effect of 3 different temperatures every 24 hours over three days) in part C. 

Question 9d. 
Average titre = (27.27 + 27.35 + 27.32) / 3 = 27.31 mL  

 n(I2) = c × V  = 2.50 × 10-4 × 0.02731 L  

  = 6.828 × 10-6 mol 

n(C6H8O6) = n(I2) = 6.828 × 10-6 mol 

m(C6H8O6) = n × Mm  = 6.828 × 10-6 × 176.0  

   = 0.001202 g (in 5.00 g of juice) 

c(C6H8O6) = 0.001202 × 20 = 0.0240 g per 100 g of juice  

   = 24.0 mg / 100 g  

Students were awarded: 

• 1 mark for the correct concordant titre value 
• 1 mark for the correct number of moles of C6H8O6 
• 1 mark for the correct answer in mg / 100 g. 
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Question 9e. 
Trials 2, 4 and 5 are precise, as they are in a range of 0.1 mL.  

or 

Trials are not precise because of the titre range from 28.65 to 27.12 mL is greater than 0.1 mL variation. 

Question 9f. 
As temperature increases, the [C6H8O6] decreases because more has reacted, indicating that ascorbic acid 
is less stable at higher temperatures 

Question 9g. 
Plot concentration against time with 3 different temperature graphs on the same axis.  

Graph of concentration versus time shows the rate of change of concentration, which illustrates stability.  

or 

Plot ‘Rate of decrease of ascorbic acid concentration at each temperature’ against temperature. This 
illustrates stability. 

Question 10a. 
Possible responses included the following. 

The overall equation that occurs when glucose is oxidised to form gluconic acid is: 

2C6H12O6 (aq) + O2 (g) → 2C6H12O7 (aq)  

Glucose is only partially oxidised to gluconic acid, so the chemical energy in glucose is utilised very 
inefficiently / low percentage of available energy is accessed. 

The respiration equation is: 

C6H12O6 (aq) + 6O2 (g) → 6CO2 (aq) + 6H2O(l) 

Glucose is fully oxidised in respiration to form carbon dioxide, so its chemical energy is utilised very 
efficiently. 

The oxidation number of carbon in glucose is 0, in gluconic acid it is +⅓, and in carbon dioxide it is +4. 

Therefore, the chemical energy available from glucose is used efficiently in respiration, but inefficiently in a 
glucose fuel cell. 

The relative number of electrons released per molecule of glucose – 2 in the fuel cell but 24 in respiration – 
C6H12O6 (aq) + 24OH–(aq) → 6CO2 (aq) + 18H2O(l) + 24e– reflects the relative utilisation of available energy. 

Since there is a 2-electron transfer for incomplete oxidation of glucose in fuel cell and a 24-electron transfer 
for complete oxidation in respiration, the efficiency of energy utilisation for the implant is 1/12 of that of the 
biological process. 

Students were awarded: 

• 1 mark – efficiency of utilisation comparison related to partial or complete oxidation of glucose 
• 1 mark – fuel cell equation linked to low utilisation efficiency 
• 1 mark – respiration equation linked to high utilisation efficiency 

Second and third marks linked number of electrons in the half equations, or the changes in oxidation 
number. 
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Question 9a. 

Marks 0 1 Average 
% 66 35 0.4 

There were two assumptions that students may have made in this question. If it were assumed that 
the tartaric sample was uniform, there was no independent variable in the analysis. However, if it 
were assumed that the tartaric sample was not uniform, the independent variable would be the 
percentage purity of the tartaric acid or the concentration of tartaric acid as these could vary for the 
analysis of different 30.0 g samples. 

The Advice to Teachers defines an independent variable as ‘the variable for which quantities are 
manipulated (selected or changed) by the experimenter, and assumed to have a direct effect on 
the dependent variable’. Difficulty in identifying the independent variable may have affected some 
students’ responses in the remainder of the question. 

Question 9b. 

Marks 0 1 2 Average 

% 19 27 55 1.4 

Appropriate responses included: 
• aliquot size – allows for concordant titres and reproducible results 
• c(NaOH) – allows for consistent titre volume 
• amount of indicator – to achieve consistent endpoint colour for different titrations. 

Controlled variables are variables that are kept throughout the analysis so that they do not have an 
impact on the dependent variable. Temperature and choice of indicator might also be considered  
controlled variables in this exercise. 
Question 9c.  
Marks 0 1 2 Average 

% 37 25 38 1 

Calculation of the average titre was appropriate because it involved three concordant titres that 
differed by less than 0.1 mL (0.05 mL)/were within a range of 0.1 mL. 

Some students endeavoured to frame an argument for four titres, identifying 14.96 as the outlier; 
however, such responses needed to link that argument to an appropriate concordance value. 

Question 9d. 

Marks 0 1 2 3 4 Average 
% 33 11 27 11 17 1.7 

Acceptable responses could have been based on: 

• The impact of inappropriate rinsing of glassware, for example: 

− if the 500 mL volumetric flask was not rinsed with deionised water, impurities may have an 
impact on the c(C4H6O6), decreasing the accuracy and reliability of results 

− if the burette was rinsed with water instead of 0.1 M NaOH(aq), the c(NaOH) will be 
decreased, as will the accuracy and reliability of results 

• Improper preparation of tartaric acid solution, for example:  
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− if the C4H6O6 was not fully dissolved before the 500 mL flask was topped up to the 
calibration mark, some may remain undissolved, thus decreasing the accuracy and 
reliability of results 

− inadequate mixing of the 500 mL volumetric flask contents, leading to variation in the 
c(C4H6O6) in different aliquots and so decreasing the accuracy and reliability of results 

• NaOH issues, for example: 

− if the NaOH(aq) was not standardised prior to the titrations its concentration would be 
unreliable due to reaction with atmospheric CO2, thus the decreasing accuracy of results 

− the c(NaOH) was only stated to one significant figure, the fewest significant figures, and 
hence the least accurate of all the data in the exercise. This reduces the accuracy and 
reliability of results 

• Titration issues, for example: 

− 3 concordant titres were obtained; this increases the accuracy of results 
− 4 drops of phenolphthalein were used in each titration; this increases the likelihood of 

getting a consistent endpoint colour and so increases the accuracy and reliability of results 

Two marks were awarded for each of two steps. Within each step, one mark was awarded for the 
method point and one mark was awarded for why it has an impact on accuracy/reliability. 

There was evidence of uncertainty in students’ understanding of the terms ‘accuracy’ (proximity to 
true value), and ‘reliability’ (ability to reproduce data).  

Some students framed a complete answer based on the calculations.  

Question 9e. 

Marks 0 1 2 Average 
% 51 24 25 0.8 

Possible responses included: 

• The conclusion is based on the results of one experimental group, so even though concordant 
titres were obtained there may have been an error in either c(C6H4O6) or c(NaOH), which limits 
reliability. This could be checked by either collating results from a number of groups or 
repeating the procedure with fresh solutions.  

• The percentage purity calculated depends on, and its reliability is limited to some degree by, 
the accuracy of identification of the colour change at the endpoint. This could be remedied by 
using a digital pH meter to record endpoint pH. 

• Percentage purity 92.5% is quoted to three significant figures, yet the [NaOH] used in its 
calculation only has one significant figure. This could be addressed by standardising the 
NaOH to three significant figures. 

• The sample tested may not have been truly representative of the manufacturer’s product. This 
could be addressed by testing a sample from a different container. 

• One student’s results cannot be conclusive; there may have been a consistent error in the 
technique. This could be addressed by using a different analytical technique such as HPLC. 

Question 9f. 

Marks 0 1 2 Average 
% 22 49 28 1.1 

Preparing the C4H6O6 solution: fume hood or breathing apparatus or equivalent/safety goggles/ 
gloves 
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Conducting the titration: safety goggles/gloves 

Given that the question listed three specific areas of irritation, it was appropriate that these be 
addressed where needed when identifying PPE. While protection against respiratory irritation was 
necessary for solution preparation, i.e. when handling the powder, it was not required for the 
titration. 

Question 10a.  

Marks 0 1 2 3 4 Average 
% 31 22 27 15 5 1.5 

Points of reference in assessing the relative feasibility of using biofuels to meet the energy needs 
of a colony on Mars included: 

• the severe atmospheric conditions would make it necessary to establish a self-sustaining 
biosphere for biofuel production or regeneration 

• the source material for extended biofuel production must be producible, for example, plant 
material for biofuel production 

• while CO2 and sunlight are available for photosynthesis, energy must be expended in 
extracting and melting water  

• the combustion of biofuels requires oxygen, which is not only extremely limited in supply but is 
critical to the survival of the colonists 

• oxygen needed for combustion and human survival could be generated by electrolysis of water 
using solar energy 

• water from combustion of the biofuels needs to be recycled to maximise energy usage 
• biological organisms required for biofuel production must not only survive on Mars but also 

survive the trip to Mars 
• all the source material for the initial production of biofuels must be transported from Earth, this 

will greatly increase payloads to be carried into space 
• production of biofuels may have an impact on the space available for food production and 

other activities 
• some biofuels – bioethanol and biodiesel – can be stored as liquids, reducing the need for 

pressurised containers in the residential biosphere 
• biodiesel viscosity increases as the temperature decreases, so adequate fuel flow issues 

would need to be addressed for use in outside vehicles 
• biological organisms and chemical reactions may be less effective due to low temperatures. 

This question challenged many students. Many students did not pick up on the emphasis on the 
chemistry of biofuels and focused mainly on the severe conditions on Mars and the impact on life.  

Question 10b. 

Marks 0 1 2 Average 
% 59 24 18 0.6 

Possible responses included: 

• Using batteries would mean that large amounts of fuel for use in establishing the colony would 
not have to be transported to Mars. This may allow for transport of other requirements for the 
settlement. 

• Oxygen would not be required for energy production, hence there would be less pressure on 
supplies of oxygen for residents. 

• Batteries could be used on the journey to Mars, reducing the amount of journey fuel to be 
carried and the overall weight of transport. 
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Energy = 3553/0.35  

  = 1.02 × 104 kJ 

m(petrodiesel) = 1.02 × 104/45.0 

  = 2.3 × 102 g 

Students needed to accurately divide the energy by 0.35 (or 35/100) and 45. While most students 
were able to execute one of these requirements, a significant number did not realise that kJ/kJ g–1 
gives the mass in grams.  

Question 8cii. 

Marks 0 1 2 Average 

% 38 14 48 1.1 

n(C12H24) = 2.3 × 102/168 

   = 1.34 mol 

 n(CO2) = 12 × n(C12H24)  = 12 × 1.34  

   = 16.1 mol 

 m(CO2)  = 16.1 × 44.0 

  = 709 g (640 g) 

Students were required to calculate the n(CO2) from the m(petrodiesel) determined in part ci. A 
significant number did not recognise that 1 mol C12H24 will produce 12 mol CO2. 

Question 8ciii. 

Marks 0 1 Average 

% 34 66 0.7 

The amount of CO2 from the combustion of petrodiesel is greater since the H2-O2 fuel cell does not 
produce CO2. 

Question 9a.  

Marks 0 1 Average 

% 49 51 0.5 

Calibration method 

Question 9b. 

Marks 0 1 Average 

% 57 43 0.5 

An error associated with calibration or inaccuracy of voltmeter/ammeter/power supply (voltage), 
etc., or with electrical connections 

The question specified a systematic error that applies only to the electrical method of calibration. 
These were errors associated with reading of the current or voltage where it was consistently 
inaccurate, or obtaining a current or voltage below/above the required value due to faulty wires. No 
marks were awarded if students referred to an error common to both calibration methods such as 
the reading of the stopwatch or timer, or the reading of the same thermometer. 
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Question 9c. 

Marks 0 1 2 Average 

% 70 22 8 0.4 

Possible limitations that affect accuracy but not reliability included:  

x  temperature not stabilised before KNO3 added 
x  no indication of how long to record temperature 
x  purity of KNO3 
x  not all KNO3 may have been transferred 
x limitations that affect reliability 
x  only one set of data collected 
x  the exercise was not repeated. 

Reliability would be improved by repeating the exercise or sharing data. 

Students were awarded marks for: 

x identifying a relevant limitation 
x  explaining how the limitation affects reliability or stating that reliability will improve if the 

experiment is repeated. 

This question was challenging for many students. Most responses referred to the accuracy of the 
results but few demonstrated understanding of what makes results reliable. The large number of 
students who referred to limitations of the electrical calibration suggested that chemical calibration 
of a calorimeter was a relatively unfamiliar procedure. 

Question 9d.  

Marks 0 1 2 Average 

% 15 47 37 1.2 

Differences 

x  Student A (25 °C) reached a higher maximum temperature than Student B (24 °C). 
x  Student A reached maximum temperature later (450 s) than Student B (390 s). 
x  Student A heated water for longer than Student B. 

Reasons 

x  Student A turned the power/current/voltage off later that Student B, so reached higher 
temperature. 

x  Student B turned the power/current/voltage off earlier than Student A, so reached lower 
temperature. 

x  Different calorimeters were used so there were different levels of energy absorption by 
components. 

Marks were awarded for one clear difference between the graphs and a valid variation in technique 
that accounts for difference. 

This question was generally answered well. 

Question 9e. 

Marks 0 1 2 3 Average 

% 24 28 21 26 1.5 
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n(KNO3) = 3.0/101.1  

   = 0.030 mol 

Energy released = 0.030 × 35  

   = 1.04 kJ or 1.04 × 103 J  

'T = 23.6 – 22.0 = 1.6 qC  

Calibration factor = 1.04 kJ/1.6 qC–1 or 1.04 × 103 J/1.6 qC–1 

 = 0.649 kJ qC–1  

 = 649 J qC–1 

  = 6.5 × 102 J qC–1 

A significant proportion of students defaulted to the electrical calibration and used E = VIt to 
determine the energy released. This was further evidence that many students were unfamiliar with 
chemical calibration. 

'T = 23.5 – 22.0 = 1.5 qC, giving calibration factor 6.9 × 102 J qC–1, was also accepted. 

Question 10a.  

Marks 0 1 2 3 4 Average 

% 37 20 25 15 3 1.3 

Triglyceride structure  

  

R1, R2, R3 are from associated fatty acids. 

Reaction types – metabolism of fats and oils  

Digestion/Hydrolysis 

x hydrolysis reaction in which water reacts with ester groups on triglycerides to produce glycerol 
and three fatty acids: R1COOH, R2COOH, R3COOH (in the presence of lipase) 

Condensation 

x Fats formed (in the liver) for storage. 
x Glycerol reacts with three fatty acid molecules to produce fat molecules and water. 

Oxidation 

x Energy is released when fatty acids are oxidised to produce CO2 and H2O.  
x Bile is used to emulsify fats so that the triglycerides can undergo hydrolysis as the first step in 

the metabolism. 

To access full marks students needed to address both dot points in the question.  

The triglyceride structure was not well represented, with many students unable to show the correct 
structure and/or location of the ester groups. Many students were able to identify the types of 

CH2

CH

CH2

O R1

O

O

O
C
O
C
O
C

R2

R3
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Performance on this question was significantly influenced by issues associated with responses to 
parts bi. and bii. 

 

Question 8di. 

 

 

 

A:  -OH (hydroxyl) 

B:  C=O (carbonyl/ketone) 

One mark was awarded for achieving both correct answers. 

 

Question 8dii. 

 

 

 

The most common response to this question was the structure of propanoic acid. This is perhaps 
the automatic response to the presence of O-H and C=O absorptions on the IR spectrum. 
However, the O-H stretch shown is clearly in the O-H (alcohol) range of 3200-3600 cm–1, rather 
than the O-H(acid) range of 2500-3600 cm–1. Also, the peak between 2900 and 3100 cm–1 is 
consistent with the C-H stretch (2850-3090 cm–1), which is distinct from O-H in an alcohol but 
overlapped by O-H in a carboxylic acid. 

 

Question 9a. 

 

 

 

Current efficiency/Volume of gas collected * 

The definition of dependent variable refers to ‘the variable being tested’ and/or ‘the variable being 
measured’ in the investigation, with this variable dependent on the independent variable. 

It was appropriate to accept ‘current efficiency’ in the context of ‘being tested’ and ‘volume of gas 
collected‘ in the context of ‘being measured’. It is not so simple when we consider ‘tested’ and 
‘measured’ as implying the same thing, in which case ‘volume of gas collected’ might be 
considered the better option. 

Marks 0 1 Average 

% 17 83 0.9 

Marks 0 1 Average 

% 94 6 0.1 

Marks 0 1 Average 

% 35 65 0.7 

C
C H

C

H

H
O
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H
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Question 9bi. 

 

 

 

H2(g) is flammable/explosive. 

Cl2(g) is toxic. 

NaOH is corrosive. 

One mark was awarded for a specific chemical and associated risk. 

Despite the question clearly referring to a ‘product’ of the electrolysis, there was a suggestion in 
many responses that a solution of NaCl is hazardous. 

 

Question 9bii. 

 

 

 

Ensure no ignition sources are present. 

Limit exposure to chlorine by using a chemical (fume) hood/respirator (gas mask). 

One mark was awarded for a safety measure consistent with the answer provided in part bi. 

 

Question 9c. 

 

 

 

Results are precise/have a high level of precision. 

They are all in within a range of 0.5 mL/all within 0.3 mL of the mean values/within 0.3% of the 
mean values. 

One mark was awarded for indication of why the results are precise. 

Generally, a good understanding of why the results are precise was demonstrated.  

 

Question 9d. 

 

 

 

2H2O(l) + 2e– → H2(g) + 2OH–
(aq)  * 

Marks 0 1 Average 

% 63 37 0.4 

Marks 0 1 Average 

% 26 74 0.8 

Marks 0 1 Average 

% 37 63 0.7 

Marks 0 1 Average 

% 69 31 0.3 

http://www.vcaa.vic.edu.au/Pages/aboutus/policies/policy-copyright.aspx
http://www.vcaa.vic.edu.au/Pages/aboutus/policies/policy-copyright.aspx
http://www.vcaa.vic.edu.au/Pages/aboutus/policies/policy-copyright.aspx
http://www.vcaa.vic.edu.au/Pages/aboutus/policies/policy-copyright.aspx
http://www.vcaa.vic.edu.au/Pages/aboutus/policies/policy-copyright.aspx


2019 VCE Chemistry examination report 

© VCAA  Page 26 

In electrolysis reduction occurs at the negative electrode. 

In an aqueous solution of Na+ ions H2O is the stronger oxidising agent and is preferentially 
reduced. 

 

Question 9ei. 

Marks 0 1 2 3 Average 

% 44 8 15 33 1.4 

 

Q = It = 2.0 × 5 × 60 = 600 C  

n(e–) = Q / F  = 600 /96500  

  = 0.00622 * 

n(H2)  = 0.00622 / 2  

 = 0.00311 mol * 

V(H2)  = 0.00311 × 24.8  

 = 0.077 L *  

 = 77 mL (2 sig figs)  

One mark was awarded for correct n(e–). 

One mark was awarded for correct n(H2). 

One mark was awarded for correct V(H2). 

 

Question 9eii. 

 

 

 

Current efficiency = [V(gas) produced / V(gas) predicted from Faraday’s law] x 100 

Volume (H2) produced  = 170.0 – 100.1  

 = 69.9 mL 

Current efficiency  = (69.9 / 77) x 100 

   = 91% * 

It was important, in this question, to identify the volume of gas collected as the ‘change’ in volume 
at the negative electrode. 

 

Question 9f. 

 

 

Marks 0 1 Average 

% 77 23 0.3 

Marks 0 1 2 Average 

% 58 25 17 0.6 
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Current efficiency increases with concentration. 

The average volume of gas produced (H2) at the negative electrode increases as the concentration 
of NaCl increases. 

or 

The impact of concentration on current efficiency is not clear at the positive electrode.  

Judgment can only be made at the negative electrode because of increasing Cl2:O2 ratio at the 
positive electrode depending on c(Cl–). 

One mark was awarded for an appropriate conclusion. 

One mark was awarded for a correct corresponding reasoning. 

Many responses did not include an appropriate conclusion or provide a valid reason as to why a 
conclusion could not be drawn. In this experiment, since the aim was to investigate the effect of 
concentration on current efficiency, the conclusion should reflect the outcome of that investigation. 

 

Question 9g. 

 

 

 

Change:  

Use higher, or a greater range of, concentrations of NaCl. 

Justification: 

The current experimental design has two different oxidation reactions occurring. Both O2(g) and 
Cl2(g) are produced at the anode (+ electrode). 

Higher concentrations of NaCl more likely to produce Cl2.  

A greater range produces a more viable trend line. 

One mark was awarded for identifying a valid change. 

One mark was awarded for a correct justification. 

 

Question 9h. 

 

 

 

Acceptable responses included: 

• whether the data supports or refutes the aim/hypothesis 
• comparison of expected to actual results 
• analysis experimental design and errors 
• relating to earlier work/theory (e.g. electrochemical series and its use in predicting electrode 

half-equations). 

Marks 0 1 2 Average 

% 67 16 17 0.5 

Marks 0 1 2 Average 

% 44 27 28 0.9 
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Question 9a. 
Marks 0 1 2 Average 

% 46 49 5 0.6 

Refer to the Safety Data Sheets (SDS or MSDS) for each of the chemicals or a prepared approved risk 
assessment document. * 

Follow all suggested storage, handling and personal protective equipment guidelines given in the material 
safety data sheets. 

OR 

Identify hazard and precaution relevant to the experiment (acid/glass). * 

The study design has a specific reference on following recommended protocols from safety data sheets. To 
obtain the first mark students needed to indicate that they understood this. Only a handful of students were 
awarded the second mark, as most suggested precautions for the acid without first identifying the hazard 
associated with it. 

Question 9b. 
Marks 0 1 Average 

% 9 91 0.9 

Temperature of the HCl solution. 

Question 9c. 
Marks 0 1 2 Average 

% 11 30 58 1.5 

Either of: * 

• The dependent variable is the rate of production of CO2 gas / rate of the reaction. 
• The dependent variable may be time.  

It is measured by timing how long the balloon takes to rise 10 cm over the test tube. * 

Generally this question was well handled. However, students need to make sure that they have addressed 
all aspects of the question, i.e. both ‘what’ and ‘how’ in this case. 
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Question 9di. 
Marks 0 1 2 3 Average 

% 11 41 31 16 1.5 

• As temperature increases, the rate of reaction increases / the time taken for the balloon to reach 10 cm 
decreases. * 

• This is because increased temperature increases the speed of particles which increases the frequency 
of collisions (number of collisions per unit time) between reactants thereby increasing the rate of the 
reaction. * 

• Increased temperature also increases the energy of the particles which means that a greater proportion 
of particles have enough energy to overcome the activation energy barrier resulting in a greater 
proportion of collisions that are successful which also increases the reaction rate. * 

Most students found it easy to obtain the first mark, but a significant number did not use the appropriate 
terminology for the rest of the question. It was important to realise that ‘time’ or ‘frequency’ was a key aspect 
of the response and thus it was not enough to say ‘an increase in the number of collisions occurs’. Likewise, 
in the third key point, students needed to refer to ‘a greater proportion’ rather than ‘a greater number’ of 
collisions to obtain the mark. 

Question 9dii. 
Marks 0 1 Average 

% 75 25 0.2 

One of: 

• No. There is not a consistent trend, time for reaction is lower / rate is higher at 15°C than at 25°C. 
• Yes. If the data was presented using a line of best fit the overall trend is consistent with the prediction. 
• Yes. If the outlier (data point showing 25°C) is ignored. 

It is important that students recognise the presence of anomalous data and avoid generalisations when 
specific information is shown/given. 

Question 9e. 
Marks 0 1 2 Average 

% 33 46 21 0.9 

Any two of the following:  

• The temperature is the independent variable so it should be on the horizontal axis.  
• The rate of the reaction – the dependent variable – should be on the vertical axis. 
• The line of best fit / trendline rather than ‘join the dots’ / ignore outlier. 

Most responses did not focus on what the experiment was actually attempting to do, which is to determine 
how temperature affected the rate of the reaction. Instead, a large number of students proposed ‘converting 
the graph into a bar graph’ or gave superficial responses such as using ‘better titles’ or ‘adjusted axis’.  
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Question 9f. 
Marks 0 1 2 Average 

% 56 33 11 0.6 

Acceptable responses included: 

• Use a more accurate way of measuring the volume, e.g. gas syringe. The balloons may have different 
shapes which means that the volume of each balloon when it rises 10 cm over the top of the conical 
flask may vary. 

• Ensure that the initial quantities are measured to a greater number of significant figures, i.e. acid 
concentration to 2.0 M (rather than 2 M) and/or change mass of CaCO3 to 0.60 g (rather than 0.6 g). 

• Find a faster way of sealing the test tube once the reactants are mixed. This will ensure that none of the 
gas escapes. 

• Use uniformly powdered CaCO3 to minimise surface variations. 

Question 10a. 
Marks 0 1 2 3 Average 

% 70 17 10 2 0.5 

Qualitative analysis 

• Alcohols react with carboxylic acids to produce esters which can be identified by smell. 
• No colour change with Cr2O72- / H+, not a primary or secondary alcohol, could be tertiary 
• Colour change with Cr2O72- / H+, either primary or secondary alcohol 
• If product of reaction with Cr2O72- / H+, reacts with NaHCO3 – primary alcohol. 
• If product of reaction with Cr2O72- / H+, does not react with NaHCO3 – secondary alcohol. 
• Addition of Br2 – decolourisation implies a possible alkenol. 
• If a pH test shows neutral it could be an alcohol. 

Quantitative analysis 

• Can be titrated using a redox titration to determine concentration. 
• Oxidise alcohol to acid and titrate with base. 

Two marks were awarded for the qualitative analysis as long as a clear link to an observation could be made, 
i.e. a colour change, a smell, production of bubbles etc. 

The last mark was associated with the quantitative change and a clear link to a titration or similar wet 
chemical analysis needed to be shown. 

A large number of students struggled with this question, and responded solely by talking about instrumental 
analysis, which was not the requirement of the question. Many also did not seem to be aware that a 
qualitative analysis must involve an observation. 
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