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SECTION I: MULTIPLE CHOICE QUESTIONS  
20 marks 
Attempt ALL Questions  

Use the Multiple-Choice Answer Sheet. 
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1 During a titration, which piece of glassware should be used to transfer a 25 mL 
aliquot of a substance to the conical flask? 

(A) 

 

(B) 

 

(C) 

 

(D) 

 

 

 

2 What is the systematic name for the molecule shown? 

 

(A) N-ethylpropanamide 

(B) N-ethylpropanamine 

(C) N-propylethanamine 

(D) N-pentan-3-amine 
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3 Consider the following equilibrium system: 

N2(g) + 3H2(g) ⇌ 2NH3(g) ∆H = –92 kJ mol–1 

Which set of conditions will produce the highest yield of ammonia? 

(A) High temperature, high pressure 

(B) High temperature, low pressure 

(C) Low temperature, high pressure 

(D) Low temperature, low pressure 

 

 

4 Which of the following is a position isomer of pentan-2-one? 

 

(A) 

 

(B) 

 
(C) 

 

(D) 

 
 
 
 
 

5 Which analytical technique relies on particles being initially ionised? 

(A) 1H NMR 

(B) 13C NMR 

(C) Infrared spectroscopy 

(D) Mass spectrometry 
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6 Consider the following equilibrium reaction in an aqueous solution: 

Fe3+(aq) + SCN–(aq) ⇌ [Fe(SCN)]2+(aq) 

At 298 K, the equilibrium constant, Keq, for the reaction is 200. A student prepares 
a solution containing 0.12 mol L–1 Fe3+(aq) ions and 0.12 mol L–1 SCN–(aq) ions at 
equilibrium. 

What is the equilibrium concentration of [Fe(SCN)]2+(aq) at 298 K? 

(A) 0.12 mol L-1 

(B) 0.24 mol L-1 

(C) 1.4 mol L-1 

(D) 2.9 mol L-1 

 

 

7 HInd is an acid-base indicator used in titration that exists in two equilibrium forms 
when dissolved in water. 

HInd(aq) + H2O(l) ⇌ H3O+(aq) + Ind–(aq) 

yellow                                       purple 

Which statement(s) are correct? 
 
i. In a strongly acidic solution, yellow is observed. 
ii. When the concentration of HInd(aq) is less than the concentration of Ind–(aq), 

yellow is observed. 
iii. The concentrations of HInd(aq) and Ind–(aq) are approximately equal at the 

end point of a titration.  
 

(A) i and ii only 

(B) i and iii only 

(C) ii and iii only 

(D) i, ii and iii 
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8 Which organic molecule could have produced this infrared spectrum? 

 

(A) But-2-ene 

(B) Butan-2-one 

(C) Butan-2-ol 

(D) Butanoic acid 

 

 

9 Consider the following equilibrium system: 

2ICl(s) ⇌ I2(s) + Cl2(g)  ∆H = +17 kJ mol–1 
 

Which of the following changes will increase the chemical amount, in moles, of 
chlorine that can be produced? 

(A) Removing some of the solid I2. 

(B) Adding more solid ICl. 

(C) Removing the Cl2 gas as it is formed. 

(D) Decreasing the temperature. 
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10 Photosynthesis is a highly endothermic reaction. Which of the following is true for 
the equilibrium constant, Keq, at low temperatures? 

(A) Keq = 0 

(B) Keq  = 1  

(C) Keq >> 1 

(D) Keq << 1 

 

 
11 Which peak would you find in a mass spectrum for propanal but not in a mass 

spectrum for propan-2-one? 

(A) m/z = 15 

(B) m/z = 29 

(C) m/z = 43 

(D) m/z = 58 

 

 
12 Ibuprofen is a drug used for pain-relief. 

Chemical tests were performed on a sample of ibuprofen and the results of the tests 
are given below. 

Chemical test Result with ibuprofen 

Aqueous sodium carbonate Effervescence 

Bromine water Solution remained orange 

Acidified potassium permanganate Solution remained purple 

 

Which functional group must be present in a molecule of ibuprofen? 

(A) COOH 

(B) C=C 

(C) OH 

(D) Br 
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13 A 0.15 mol L–1 sample of hydrofluoric acid, HF, has a pH of 2.00. 

Calculate the Ka of hydrofluoric acid. 

(A) 7.14 × 10–4 mol L–1 

(B) 3.57 × 10–4 mol L–1 

(C) 6.67 × 10–3 mol L–1 

(D) 3.32 × 10–2 mol L–1 

 

 
14 In a glucose fermentation reaction, 1.50 g of ethanol was produced. What volume of 

carbon dioxide (measured at 25°C and 100 kPa) was also produced in this reaction?  

(A) 0.206 L 

(B) 0.807 L 

(C) 1.43 L 

(D) 1.61 L 

 

 

15 Which combination of organic reactant and reaction conditions could be used to 
produce 2-bromohexane as the sole product in a single step? 

 Organic reactant Reaction conditions 

(A) hex-2-ene Br2(l), room temperature 

(B) hex-2-ene dilute H2SO4(aq), heat 

(C) hex-3-ene HBr(g), room temperature 

(D) 2-bromohex-3-ene H2(g), Pd/C catalyst, heat 
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16 Which statement is true for both ethanol and ethanal? 

They both produce: 

(A) A molecular ion peak at m/z = 46 in mass spectrometry. 

(B) A sharp peak between 1680-1750 cm–1 in IR spectroscopy. 

(C) Two peaks in 1H NMR spectroscopy. 

(D) Two peaks in 13C NMR spectroscopy. 

 

 

17 Aqueous dilution of IO4
– results in the following reaction: 

IO4
–(aq) + 4H2O(l) ⇌ H4IO6

–(aq)  Keq = 3.5 × 10–2 

50.0 mL of a 0.896 mol L-1 solution of KIO4(aq) is diluted to 250.0 mL with water.  
 
How many moles of H4IO6

–(aq) are present at equilibrium? 

(A) 1.51 × 10–3 mol 

(B) 6.06 × 10–3 mol 

(C) 6.27 × 10–3 mol 

(D) 4.48 × 10–2 mol 

 

 

18 A section of the polyester poly(3-hydroxyvalerate) is shown. 

 

A single chain of this polymer is found to have a molar mass of 9530 g mol–1 
(calculated to 3 significant figures). How many monomer units of 3-hydroxyvaleric 
acid were required to make a chain with this molar mass? 

(A) 81 

(B) 95 

(C) 100 

(D) 102 
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19 Calculate the mass of solid ammonium chloride that must be added to 25.0 mL of 
water to make a solution with a pH of 4.85. 

pKa of NH4
+ is 9.24  

MM of NH4Cl is 53.492 g mol–1 

(A) 0.141 g 

(B) 0.464 g 

(C) 1.86 g 

(D) 18.5 g 

 

 
20 A data logger was used to measure the pH changes during a titration. Hydrochloric 

acid with a concentration of 0.1024 mol L–1 was added to a solution of sodium 
carbonate that was contaminated with sodium chloride. 

 

The mass and density of the mixture of sodium carbonate and sodium chloride 
solution aliquot used was 36.98 g and 2.360 g mL–1 respectively. What was the 
concentration of sodium carbonate in the solution? 

(A) 0.01567 mol L–1 

(B) 0.04654 mol L–1 

(C) 0.1895 mol L–1 

(D) 0.3790 mol L–1 
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SECTION II: WRITTEN ANSWER QUESTIONS  
80 marks 
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CANDIDATE NUMBER 
 

 
Question 21 (5 marks)                              Marks 
    

Consider the following reaction at 300 K. 

2NO2(g) ⇌ 2NO(g) + O2(g)  

1.00 mol of NO2(g) is placed into a 2.00 L container and the system was allowed to reach 
equilibrium. At equilibrium, the concentration of NO2(g) was found to be 0.250 mol L-1. 

 
(a) Write the Keq expression for the reaction. 

1 

 ..........................................................................................................................................  

 ..........................................................................................................................................  
 
 

 
(b) Calculate the equilibrium concentrations of NO(g) and O2(g) at 300 K. 

2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 
 

(c) Calculate the equilibrium constant, Keq, at this temperature. 
2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
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Question 22 (6 marks)                Marks 
 
Propene readily undergoes hydration to produce a mixture of two products, A and B as 
shown. When separated, compounds A and B can be oxidised to produce compounds C 
and D as shown. 
 

(a) Complete the diagram below by drawing the structures of A and C and stating the 
names of A-D. 

  
3 
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Question cont.                                                                                                                 Marks 
 

(b) Compound B has a boiling point of 82°C and compound D has a boiling point of 
56°C. Explain why compound B has a higher boiling point than compound D. 
 

3 

 ..........................................................................................................................................  

 ..........................................................................................................................................   

 ..........................................................................................................................................  

 ..........................................................................................................................................   

 ..........................................................................................................................................   

 ..........................................................................................................................................  

 ..........................................................................................................................................  
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Question 23 (3 marks)                              Marks
         

Two pieces of cotton wool soaked in concentrated hydrochloric acid and concentrated 
ammonia were placed at opposite ends of a glass tube. After some time, the solutions 
vaporise, and the two gases react to produce a ring of white powder. 
 

 
 

(a) Write an equation for the reaction that occurs inside the glass tube. 
 

1 

 ..........................................................................................................................................  

 
 
 

(b) State which acid-base theory explains the behaviour in this reaction and justify 
your answer. 
 

2 

 ..........................................................................................................................................  

 ..........................................................................................................................................   

 ..........................................................................................................................................   

 ..........................................................................................................................................   
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Question 24 (6 marks)                              Marks 
              

Consider the following equilibrium reaction: 

CH4(g) + H2O(g) ⇌ CO(g) + 3H2(g) 

(a) Use collision theory to explain how a decrease in volume would affect the rates of 
the forward and reverse reactions initially and until equilibrium is re-established. 
 

4 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
 
 
 

(b) Describe how the addition of a catalyst would affect the rates of the forward and 
reverse reactions and the position of the equilibrium. 
 

2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
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Question 25 (2 marks)                Marks 
 

Alcohols can undergo elimination and substitution reactions under different conditions. 

A sample of 2-methylbutan-2-ol was subjected to an experimental set of conditions to 
determine whether elimination or substitution would occur. 

 
 
The sole product of the reaction was purified and analysed using 13C NMR spectroscopy. 
The 13C NMR spectrum is shown below. 

 

 

 

Deduce which of the two possible products was formed in the reaction. Explain your 
choice using 13C NMR data. 

2 

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 .................................................................................................................................................. 
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CANDIDATE NUMBER 
 

 

 
 

Question 26 (5 marks)                              Marks 
        

The graph shows the trend in standard enthalpy of combustion values (reported as −∆cHʅ) 
for five alkanes in kJ mol–1. 

 
 

 
(a) Explain the trend observed. 

 
3 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
 
 
 

(b) Calculate the energy released from the combustion of pentane, in kJ g–1. 
 

2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  
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Question 27 (5 marks)               Marks 
 
A beaker contains 105 mL of saturated calcium sulfate solution at 25°C. 
 
The Ksp for CaSO4 is 4.93 × 10–5 at 25°C. 
 

(a) Calculate the molar solubility of calcium sulfate in water at this temperature. 
 

2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
 
 
 

(b) 145 mL of 0.500 mol L–1 sodium sulfate solution is added to the saturated calcium 
sulfate. Determine whether a precipitate will form and justify your answer with 
calculations. 

 
3 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
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Question 28 (4 marks)               Marks 
 

The following reactions are performed at 823 K. 
 

Reaction 1:  CoO(s) + H2(g) ⇌ Co(s) + H2O(g)       Keq1 = 67 

Reaction 2: CoO(s) + CO(g) ⇌ Co(s) + CO2(g)     Keq2 = 490 

 
 

(a) Use the information provided to calculate the value for the equilibrium constant, 
Keq3, at 823 K. Show your working. 
 

Reaction 3: H2(g) + CO2(g) ⇌ CO(g) + H2O(g)  Keq3 = ? 

 
2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
 
 

 
(b) At 1973 K the value of the equilibrium constant, Keq, for reaction 3 is 4.9. Using 

your value calculated in part (a), justify whether the forward reaction is endothermic 
or exothermic. 

 
2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
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Question 29 (4 marks)                Marks 
          
The structures of four cyclic organic compounds are shown below. 
 
 

 

 

 
cyclohexane  cyclohexanol 

 
 

 

 

 

 
bromocyclohexane  cyclohexanone 

 
 

(a) Outline how infrared spectroscopy could be used to distinguish between a sample 
of cyclohexanone and cyclohexanol. 
 

2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
 

 
(b) Samples of cyclohexane and bromocyclohexane cannot be easily distinguished 

from one another using infrared spectroscopy. Suggest another analytical technique 
that can be used to distinguish the two and refer to any differences in the spectra. 

2 

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  
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Question 30 (3 marks)                Marks 
 
Calculate the volume of water that must be added to a 220.0 mL solution of sodium 
hydroxide with a pH of 13.030 to achieve a solution with a final pH of 12.699 at 25°C. 

3 

..................................................................................................................................................  

..................................................................................................................................................  

..................................................................................................................................................  

..................................................................................................................................................  

..................................................................................................................................................  

..................................................................................................................................................  
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CANDIDATE NUMBER 
 

 
 
 
 
Question 31 (4 marks)                Marks 
 
The structure of a cationic detergent, cetrimonium, is shown. 
 

 
 
With reference to its structure, explain how cetrimonium can be used to produce a stable 
emulsion of oil in water. 
 

4 

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  
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Question 32 (6 marks)                Marks 
 
Hypochlorous acid, HOCl, is a sterilising agent used in swimming pools.  It is produced 
when chlorine reacts with water according to the equation shown. 
 

Cl2(aq) + H2O(l) ⇌ HOCl(aq) + HCl(aq) 
 
HOCl ionises to form the hypochlorite ion, OCl−, which is a less effective disinfectant than 
the undissociated acid. The graph shows the concentrations of HOCl(aq) and OCl−(aq) at 
different pH values at 25°C. 
 

 
 
 

(a) Deduce the pH range where the water is most effectively sterilised. 
 

1 

 ..........................................................................................................................................  

 ..........................................................................................................................................  
 
 

(b) With reference to the graph, determine the pKa of HOCl at 25°C. 
 

1 

 ..........................................................................................................................................  

 ..........................................................................................................................................  
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Question cont.                                                                                                                 Marks 
 

(c) Calculate the pH of 0.100 mol L–1 NaOCl at 25°C. 
 

4 

 ..........................................................................................................................................  

 ..........................................................................................................................................   

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................   

 ..........................................................................................................................................  
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Question 33 (5 marks)               
 

A new brand of orange juice claims to contain at least 300.0 mg of vitamin C, C6H8O6, per 
100 mL serving size on its label. 
  
A back titration involving iodine was performed to test this claim. 
 
Iodine was produced by adding 10.93 mL of 0.001025 mol L–1 aqueous potassium iodate, 
KIO3(aq), to an excess of aqueous potassium iodide solution. 
 

KIO3(aq) + 6H+(aq) + 5I–(aq)  3I2(aq) + 3H2O(l) + K+(aq) 

A 100.0 mL sample of the commercial orange juice was then diluted to 1.000 L using 
deionised water. A 25.00 mL aliquot of the diluted orange juice was then added to the 
iodine produced.  
 

C6H8O6(aq) + I2(aq)  C6H6O6(aq) + 2I–(aq) + 2H+(aq) 
 
The excess iodine was then titrated against 0.001135 mol L-1 thiosulfate solution as shown.  

 
I2(aq) + 2S2O3

2–(aq)  S4O6
2–(aq) + 2I–(aq) 

 
The experiment was repeated, and the results are shown below. 
 
  

Trial Volume of Na2S2O3 added (mL) 

1 19.80 

2 12.25 

3 12.35 

4 12.30 
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Question cont.                                                                                                                   Marks 
 
 
Assess the accuracy of the claim made on the label of the orange juice and show your 
working. 
 
 The MM of Vitamin C is 176.124 g mol–1. 
 

5 

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................   

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................   

 ..................................................................................................................................................  
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Question 34 (4 marks)                Marks 
 
The enthalpy of solution is described by the following equation: 

 
∆Hsolʅ = ∆Hlattʅ + ∆Hhydʅ 

 

Values for the lattice enthalpy (∆Hlattʅ), hydration enthalpy (∆Hhydʅ) and entropy of solution 
(∆Ssolʅ) have been given for two ionic compounds, lead(II) chloride and lead(II) iodide. 
 
 

Compound 
∆Hlattʅ 

(kJ mol-1) 
∆Hhydʅ 

(kJ mol-1) 
∆Ssolʅ 

(J K-1 mol-1) 

PbCl2 +683 –1820 +136.0 

PbI2 +591 –1540 +174.9 

 
 
State which of the two lead(II) salts is the most soluble and use all values in the table to 
explain this difference in solubility of lead(II) chloride and lead(II) iodide in water.  
Note: You do not need to calculate ∆G to answer this question. 
 

4 

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  
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CANDIDATE NUMBER 
 

 
 
 
 
 

Question 35 (5 marks)                Marks 
 
Safranal (shown below) is a compound that naturally occurs in saffron. 
 

   
 

(a) On the diagram above, circle and label two different functional groups found in 
safranal. 

 
2 

 
 
 
Safranal can be converted into the compound shown below in two steps. 
 

 
 

(b) Describe how you could produce this compound from safranal, stating the reagents 
and conditions required for each step, and draw the intermediate compound. 
 

3 

 ..........................................................................................................................................  

 ..........................................................................................................................................   

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................  

 ..........................................................................................................................................   
 
 

 



Sydney Grammar School  Form VI Chemistry  2024 Trial Examination 
 

 

Page 30 

Question 36 (4 marks)                Marks 
 
What mass of solid sodium hydroxide should be added to 100.0 mL of 0.500 M HCl to 
increase the temperature by 5.00°C? 

 
You can assume that the specific heat capacity of the solution is 4.18 × 103 J kg-1 K-1. 

 
NaOH(aq) + HCl(aq)    NaCl(aq) + H2O(l)   ∆H = –56.1 kJ mol-1 

 

NaOH(s)    NaOH(aq)    ∆H = –44.5 kJ mol-1 
 

4 

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Sydney Grammar School  Form VI Chemistry  2024 Trial Examination 
 

 

Page 31 

Question 37 (9 marks)                 
 

Compounds X, Y and Z are isomers containing 68.1% carbon, 13.7% hydrogen and 18.2% 
oxygen by mass. They have a molar mass of less than 100 g mol–1. 

A student performs chemical tests on the three compounds. Results of the tests are shown 
in the table below. 

 

Compound Addition of oxidant, acidified 
potassium dichromate solution 

Addition of Lucas reagent  
(conc. HCl(aq) and ZnCl2(aq)) 

X Orange solution remains Precipitate forms immediately 

Y Orange solution turns green Colourless solution remains 

Z Orange solution turns green Precipitate forms after 5 minutes 

 

 

 

 

 

 

 

Question continues on next page. 
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Question continued.                                                                                                                  
 

1H NMR data is also given for compounds X, Y and Z. 

 
Compound X 

 

 
Compound Y 

 

 
Compound Z 
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Question continued.                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Question continues on next page. 

1H NMR chemical shift data 

Type of proton δ/ppm 

Si(CH3)4 (TMS) 0 

R–CH3 0.9–1.0 

R–CH2–R 1.2–1.5 

R–CHR2 1.5–2.0 

R–C≡C–H (alkyne) 2.0–3.1 

–CO–CH2– (aldehydes, ketones 
or esters) 

2.1-2.7 

R–CH2–NH2 2.4–3.0 

R–CH2–X (X = F, Cl, Br, I) 3.0–4.5 

–CH2–O– (alcohols, ethers or 
esters) 

3.3–4.8 

R–OH 1–6 

R–NH2 1–5 

R2C=CHR (alkene) 4.5–7.0 

R–COONH–R (amide) 5–9 

Ar-H (aromatic) 6.9–9.0 

R–CHO (aldehyde) 9.4–10.0 

R–COOH 9.0–13.0 
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Question continued.                                                                                                                 Marks 

Draw and name compounds X, Y and Z and, by using all information given, justify your 
choice for compound X. 

9 

 
 
Compound X 

 

 

 

 

Name: ………………………………………………….. 

 
Compound Y 

 

 

 

 

Name: ………………………………………………….. 

 
Compound Z 

 

 

 

 

Name: ………………………………………………….. 
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Question continued.                                                                                                                  
 

Justification for compound X: 

 

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................   

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................   

 ..................................................................................................................................................  

 ..................................................................................................................................................  

 ..................................................................................................................................................  
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2024
TRIAL EXAMINATION

L A I
CANDIDATE NUMBER

CHEMISTRY
Section I - Multiple Choice

Select the alternative A, B, C or D that best answers the question. Fill in the rcsponse oval

completely.

Sample: 2+4= (A)2 (ll)6 (C)8 (D)9
ao so cc no

If you think you have made a mistake, put a cross through the inconect a4swer and fill in the

new answer. aO sH cO DO

If you change your mind and have crossed out what you consider to be the corTect answer, then

inclicate the conect answer by writing the word corrtct and drawing an arrow a^s fbllows'

y curtr:l
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CANDIDATE NUMBER 
 

 
Question 21 (5 marks)                              Marks 
    

Consider the following reaction at 300 K. 

2NO2(g) ⇌ 2NO(g) + O2(g)  

1.00 mol of NO2(g) is placed into a 2.00 L container and the system was allowed to reach 
equilibrium. At equilibrium, the concentration of NO2(g) was found to be 0.250 mol L-1. 

 
(a) Write the Keq expression for the reaction. 

 
Sample Answer: 

Keq = 
[NO⬚]2[O2]

[NO2]2  

Mark Guide: 
Correct expression including K = …………………………………….………1 mark 
 

(b) Calculate the equilibrium concentrations of NO(g) and O2(g) at 300 K. 
Sample Answer: 

 
 2NO2(g) ∏ 2NO(g) O2(g) 

Initial 1.00/2.00 
= 0.500 

 0 0 

 
Change 

 
−0.250 

  
+0.250 

 
+ 0.250/2 

Equilibrium 0.250  0.250 0.125 

So the equilibrium concentration of NO(g) is 0.250 M and that of O2(g) is 0.125 M. 

Mark Guide:  
Initial concentrations ………………………………………………………..1 mark 
Concentrations of NO and O2 correct …………. ……………...…………1 mark 
 

(c) Calculate the equilibrium constant, Keq, at this temperature. 
2 

Sample Answer: 

𝐾𝐾eq  =  
[0.250]2[0.125]

[0.250]2  = 0.125  

Mark Guide:  
Correct calculation ……………………………………………..1 mark 
Correct number of significant figures ………………………..1 mark 



 
Question 22 (6 marks)                Marks 
 
Propene readily undergoes hydration to produce a mixture of two products, A and B as 
shown. When separated, A and B can be oxidised to produce C and D as shown. 
 

(a) Complete the diagram below by drawing the structures of A and C and stating the 
names of A-D. 

  
3 

Sample Answer: 
 
Structure A 
 
 
 
 
 
 
 
 
Structure C 
 
 
 

 
 

 
 
 
Name A: propan-1-ol 
Name B: propan-2-ol 
Name C: propanoic acid 
Name D: propanone 
 
 
 
Mark Guide: 
Correct structure for compound A ………………………..1 mark 
Correct structure for compound C ………………………..1 mark 
All names, A to D, correct ………………………………….1 mark 
 
   
 
 
 
 
 
 
 

Question continues on next page. 



Question cont.                                                                                                                 Marks 
 

(b) Compound B has a boiling point of 82°C and compound D has a boiling point of 
56°C. Explain why compound B has a higher boiling point than compound D. 
 

3 
 
Sample Answer: 
Compound B (Propan-2-ol) contains a hydroxyl group (-OH), which allows it to 
form hydrogen bonds as its most significant intermolecular force, between its 
molecules. These hydrogen bonds significantly increase the amount of energy 
required to separate the molecules, leading to a higher boiling point. 
Compound D (Propanone), on the other hand, has a carbonyl group (C=O) as its 
functional group. While this allows for dipole-dipole interactions, as its most 
significant intermolecular force, between the slightly positive carbonyl carbon and 
the slightly negative carbonyl oxygen of neighbouring molecules, these forces are 
weaker than hydrogen bonds. As a result, less energy is needed to separate the 
molecules in compound D, leading to a lower boiling point compared to compound 
B. 
 
Mark Guide: 
Identifying that compound B has Hydrogen bonding as its significant 
intermolecular force while compound D has dipole/dipole forces as its 
significant intermolecular force ………………………………………..…..1 mark 
 
Identifying that hydrogen bonds are stronger than dipole/dipole forces 
…………………………………………………………………………………1 mark 
 
Identifying that it takes more energy to break a stronger force ………...1 mark 
 

 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 



 
Question 23 (3 marks)                              Marks

         
Two pieces of cotton wool soaked in concentrated hydrochloric acid and concentrated 
ammonia were placed at opposite ends of a glass tube. After some time, the solutions 
vaporise and the two gases react to produce a ring of white powder. 
 

 
 

(a) Write an equation for the reaction that occurs inside the glass tube. 
 

1 

Sample Answer: 

HCl(g) + NH3(g) → NH4Cl(s) 

Mark Guide: 

Correct equation with states …………………………………………….1 mark 

 
 
 

(b) State which acid-base theory explains the behaviour in this reaction and justify 
your answer. 

2 

Sample Answer: 

Bronsted-Lowry theory 

The acid, HCl, is donating a proton to the base. The base, NH3 is accepting a proton from 
the acid 

Mark Guide: 

Correct theory identified ………………………………………………………. 1 mark 

Correctly defines an acid as a proton donor and a base as a proton acceptor …..1 mark 
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CANDIDATE NUMBER 
 

Question 24 (6 marks)                              Marks 
              

Consider the following equilibrium reaction. 

CH4(g) + H2O(g) ⇌ CO(g) + 3H2(g) 

(a) Use collision theory to explain how a decrease in volume would affect the rates of 
the forward and reverse reactions initially and until equilibrium is re-established. 
 

4 
Sample Answer: 
Collision theory states that for a reaction to occur, reactant molecules must collide with 
sufficient energy and proper orientation. The rate of a reaction depends on the frequency of 
collisions between the reactant molecules and the energy of those collisions. 
 
When the volume of the system is decreased, the pressure increases because the same 
number of gas molecules now occupy a smaller space. According to collision theory, the 
decrease in volume leads to an increase in the concentration (or partial pressures) of all gases 
in the system. 
Therefore, the frequency of successful collisions between reactant molecules and product 
molecules increases.  
Since a volume decrease increases concentrations of all reactants and products, the forward 
and backward reaction rates increase. Since there are now more increased collisions for the 
reverse reaction, the rate of the reverse reaction should increase more than the forward.  
The rate of the reverse reaction will slow and the forward will increase until a new equilibrium is 
established. 
Both rates adjust to be equal and higher as equilibrium is reached once more. 
 
  
               - - - - - - - - -    = Forward reaction 

_____________ = Reverse reaction 
 
 
 
 
Mark Guide: 
 

Code Detail required in answer Marks 

MC  
More 
collisions 

The frequency of successful collisions between reactant molecules and 
product molecules increases initially, increase the rates of both the 
forward and reverse reactions 

1 

FR 
Favours 
reverse 

The reverse reaction involves more moles of gas, so the reverse 
reaction will involve relatively more successful collisions compared to 
the forward reaction and be faster 

1 

RS 
Reverse 
slows 

The rate of the forward reaction will increase over time as the system 
moves towards equilibrium. The reverse reaction will decrease in rate 

1 

EE 
Equal rate 
at new 
equilibrium 

When equilibrium is re-established, forward and reverse rates are faster 
and equal 

1 

 



(b) Describe and explain how the addition of a catalyst would affect the rates of the 
forward and reverse reactions and the position of the equilibrium. 
 

2 
Sample Answer: 
When a catalyst is added, it increases the rates of both the forward and reverse reactions by 
providing an alternative reaction pathway with a lower activation energy. This means that more 
reactant molecules and product molecules have sufficient energy to overcome the energy 
barrier, leading to an increased rate of the forward and reverse reactions equally. 
The position of equilibrium is determined by the relative rates of the forward and reverse 
reactions. Since the catalyst affects both the forward and reverse reactions equally, it does not 
change the equilibrium concentrations of reactants and products. Therefore, the position of 
equilibrium remains unchanged. 
 
 
 
 
 
 
 
 
 
 
 
Mark Guide: 
Increases the rate of forward and reverse equally ……………..…………………………..1 mark 
The position of the equilibrium is unchanged (or K value unchanged)………………..….1 mark 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Question 25 (2 marks)   Marks 

Alcohols can undergo elimination and substitution reactions under different conditions. 

A sample of 2-methylbutan-2-ol was subjected to an experimental set of conditions to 
determine whether elimination or substitution would occur. 

The sole product of the reaction was purified and analysed using 13C NMR spectroscopy. 
The 13C NMR spectrum is shown below. 

Deduce which of the two possible products was formed in the reaction. Explain your 
choice using 13C NMR data. 

Sample Answer 
The product is 2-methylbut-2-ene. 

This is because there are 2 signals above 100 ppm, (one at 138 and one at 163 ppm approx.). 
These correspond to the signal emitted by a carbon with a double bond. (90 – 150 ppm). 

2-chloro-2-methylbutane will not emit any signals above 100 ppm.

Mark Guide:

Correct identification of 2-methylbut-2-ene (or elimination product)…………………1 mark 

Explanation relates the shift seen in the spectrum to the expected C=C shift according to the 
shift data supplied (90 – 150 ppm)…………………………………………….………1 mark 
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  Marks Question 26 (5 marks)  

The graph shows the trend in standard enthalpy of combustion values (reported as −∆cHʅ) 
for five alkanes in kJ mol–1. 

(a) Explain the trend observed.
3 

Criteria Marks 
• States trend
• Links to increased moles of products and exothermic nature of bond making
• Links to per mole of alkane combusted or refers to net increase in energy

released (ie weighs up energy in (endo) vs energy out (exo))

3 

Any two of the above 2 
One of the above 1 

Sample answer: 

As number of Carbon atoms in alkane increase, the enthalpy of combustion, −∆cHʅ , increases 
in a regular fashion. Ie more heat is released per mole of alkane combusted. 

Each alkane differs by a -CH2 unit, therefore as C atoms increase there is an increase in the 
number of moles of CO2 and H2O formed. Forming these strong bonds in CO2 and H2O is an 
exothermic process.  

Since the formation of bonds in the products release more energy than is absorbed in 
breaking the additional bonds in the reactants more energy is released/mole of alkane 
combusted. 

Markers Note: 
In general this question was poorly answered with students being muddled re endothermic 
bond breaking process and exothermic bond making process. A thorough explanation of 
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the trend and relating it to per mole of alkane combusted was required to score full marks. 

(b) Calculate the energy released from the combustion of pentane, in kJ g–1.

2 
Criteria Marks 

• Shows correct working
• Calculates energy released as 48.51 kJ g-1

2 

Any relevant information such as: 
• Reads enthalpy value of -3500 KJ/mol from graph correctly
• Calculates molar mass of pentane correctly as 72.146g/mol

1 

Sample answer: 

From graph: ∆cH = -3500 kJ/mol 
MM pentane = 72.146 g/mol 

Energy released = 3500/72.146 = 48.51 kJ/g 

Markers Note: 
Students are reminded to use all data from data sheet in calculations and not quote MM 
pentane as 72 g/mol. In general this question was well answered. 

  Marks Question 27 (5 marks) 

A beaker contains 105 mL of saturated calcium sulfate solution at 25°C. 

The Ksp for CaSO4 is 4.93 × 10–5 at 25°C. 

(a) Calculate the molar solubility of calcium sulfate in water at this temperature.
2 

Criteria Marks 
• Shows correct working
• Correct answer with units

2 

• Correct working 1 

Sample answer: 

Ksp = [Ca2+ ] [SO4
2- ] = 4.93 x 10-5 

Let [Ca2+ ] =  [SO4
2- ] = x 

x2 = 4.93 x 10-5 
x = 0.00702…. 
Molar solubility = 7.02 x 10-3 mol/L 

Markers Note: 
In general this question was well answered. Students are reminded to give answers with units. 



(b) 145 mL of 0.500 mol L–1 sodium sulfate solution is added to the saturated calcium
sulfate. Determine whether a precipitate will form and justify your answer with
calculations.

3 

Criteria Marks 
Correct answer with working and statement 3 
1 missing step or 1 error but correct method followed 2 
Any relevant information 1 

Sample answer: 

Qsp = [Ca2+ ] [SO4
2- ] 

Number of moles of Ca2+ initially in 105 mL = 7.02…. x 10-3  x 0.105 = 7.3725 x 10-4 mol 

[Ca2+ ] = 7.37 x 10-4 / 0.250 = 2.949 x 10-3 mol/L 

Number of moles of SO4
2- initially in 105 mL = 7.02… x 10-3  x 0.105  mol = 7.3725 x 10-4 mol 

Number of moles of SO4
2- added = 0.500 x .145 = 0.0725 

Total moles of SO4
2- = 0.0725 + 7.3725 x 10-4 = 0.073237 mol 

[SO42- ] = 0.073237…/.250 = 0.29295 mol/L 

Qsp = = [Ca2+ ] [SO4
2- ] =  8.64 x 10-4 mol/L 

Qsp > Ksp, therefore a ppt will form. 

Markers Note: 
To get 2 marks students needed to at least have [Ca2+ ] OR [SO42- ] correct with correct method 
for calculating Qsp and statement. 



  Marks Question 28 (4 marks) 

The following reactions are performed at 823 K. 

Reaction 1:  CoO(s) + H2(g) ⇌ Co(s) + H2O(g)  Keq1 = 67 

Reaction 2: CoO(s) + CO(g) ⇌ Co(s) + CO2(g)  Keq2 = 490 

(a) Use the information provided to calculate the value for the equilibrium constant,
Keq3, at 823 K. Show your working.

Reaction 3: H2(g) + CO2(g) ⇌ CO(g) + H2O(g)  Keq3 = ? 

2 

Criteria Marks 
• Correct working
• Correct answer

2 

Any relevant information such as: 
• 67 x 490 = 32830 (student knows k1 x k2)

1 

Sample answer: 

CoO(s) + H2(g) ⇌ Co(s) + H2O(g) Keq1 = 67 

Co(s) + CO2(g)     ⇌ CoO(s) + CO(g)  Keq2 = 1/490 

H2(g) + CO2(g) ⇌ CO(g) + H2O(g) Keq3 = 67 x 1/490 = 0.137 

Markers Note: 
This question was quite well answered by the majority of students. 

(b) At 1973 K the value of the equilibrium constant, Keq, for reaction 3 is 4.9. Using
your value calculated in part (a), justify whether the forward reaction is endothermic
or exothermic.

2 

Criteria Marks 
• Determines endothermic
• Correct justification

2 

• Correct determination (endo) for students k values (follow on error (f.o.e) if k
was incorrectly calculated in part a)

1 

Sample answer: 

K = [CO] [H2O] 
  [H2] [CO2] 

Since K increased as temperature increased, equilibrium shifted towards RHS (products), 
therefore forward reaction must be endothermic (LCP, the reaction shifts to oppose the 
increased temp therefore shifts to decrease temp, favours endo rxn.) 



OR 
Since K increases with temperature, endothermic reaction is favoured. Due it its higher 
activation energy it has a greater proportional increase in successful collisions than the reverse 
reaction, hence forward rate (endo) increases more than backward rate until a new equilibrium 
position is established. 

Markers Note: 
This question was quite well answered by many students. 

  Marks Question 29 (4 marks) 

The structures of four cyclic organic compounds are shown below. 

cyclohexane cyclohexanol 

bromocyclohexane cyclohexanone 

(a) Outline how infrared spectroscopy could be used to distinguish between a sample
of cyclohexanone and cyclohexanol.

2 

Criteria Marks 
• A thorough comparison of both spectra with reference to data from data

sheet for BOTH compounds
2 

• A sound comparison but lacks detail eg refers to only one piece of correct
data from data sheet.

1 

Sample answer: 

Cyclohexanol will have a broad IR absorption at 3230 – 3550 cm-1 due to the -OH group in the 
alkanol, whereas cyclohexanone will not show this absorption (1 mark). Cyclohexanone will 
have a C=O absorption at 1680 – 1750 cm-1 that will not be present in the cyclohexanol 
spectrum. (2 marks) 

Markers Note: 
This question was well answered. Students are reminded to refer to wavenumber/cm-1 when 
they quote the data and be to be careful that they refer to the correct data! ( -OH stretch data 
for the alcohol rather than -OH stretch for acid groups) 



(b) Samples of cyclohexane and bromocyclohexane cannot be easily distinguished
from one another using infrared spectroscopy. Suggest another analytical technique
that can be used to distinguish the two and refer to any differences in the spectra.

2 

Criteria Marks 
• States analytical technique with specific details of differences in spectra for

BOTH compounds
2 

• States analytical technique with a specific correct detail of the spectra for
ONE compound

1 

Sample answer: 

Mass Spectrometry: 

cyclohexane –  molecular ion peak at 84 
bromocyclohexane –  molecular ion peak at 162/164 (isotope effect of 79Br and of 81Br) 

C – 13 NMR: 

cyclohexane –  1 peak as 1 Carbon environment 
bromocyclohexane –  4 peaks as 4 Carbon environments 

Proton NMR: 

cyclohexane –  1 peak as 1 proton environment 
bromocyclohexane –  4 peaks as 4 proton environments 

Markers Note: 
A number of responses incorrectly identified the m/z peak for bromocyclohexane at 163.  
(A specific isotope of Br will be present in the molecular ion, so 2 molecular ion peaks formed 
with same ratio of abundance (approx. 50:50) at 162 if 79Br is in the molecular ion and at 164 if 
81Br present).  
If students gave molecular ion as 163 they could only score 2 marks if student gave another 
identifying feature eg 2 x M+ peaks of equal ratio as abundance of ions is approx1:1 etc. 

Some responses were too general eg molecular ion peak for bromocyclohexane is greater than 
molecular ion peak for cyclohexane. This scored 0 marks. Some specific detail was required. 

Students are reminded to read the question carefully as some students responded referring to 
cyclohexanone and cyclohexanol from part a. 



Question 30 (3 marks)   Marks 

Calculate the volume of water that must be added to a 220.0 mL solution of sodium 
hydroxide with a pH of 13.030 to achieve a solution with a final pH of 12.699 at 25°C. 

3 

Criteria Marks 
• Correct [OH-] calculations before and after dilution.
• Correct total volume of water
• Correct answer with units

3 

1 error but correct method. 2 
Any relevant information (look for follow on error) 1 

Sample answer: 
Initial pH = 13.031, therefore pOH = 0.97, [OH-] = 10-0.97  
Final pH = 12.699, therefore pOH = 1.301, [OH-] = 10-1.301 

c1v1 = c2v2 
10-0.97  x 220 = 10-1.301  x v2 
V2  = 471.4359 mL

Volume of water added = 471.4359 – 220 = 251.44 mL = 251 mL 

Markers Note: 

Students introduced unnecessary errors into their final answer by rounding down too early in 
the calculation. 



Question 31    (4 marks)                Marks 
 
The structure of a cationic detergent, cetrimonium, is shown. 
 

 
 
With reference to its structure, explain how cetrimonium can be used to produce a 
stable emulsion of oil in water. 
 

4 
 
 
  
• Identifies the hydrophobic and hydrophilic regions of cetrimonium 
• Explains the interaction of cetrimonium with oil 
• Explains the interaction of cetrimonium with water 
• Describes the formation of micelles and their role in forming a stable emulsion 

4 

• Insufficient detail for one of the above 3 
• Relates structure of cetrimonium to its interactions with water and oil 
     OR 
• Relates structure of cetrimonium to formation of specific intermolecular forces 
     OR 
• Describes a micelle 

2 

• Relevant information  1 
 
 
Notes 

• A clear, labelled diagram along with written detail was acceptable for micelle formation 
• “Hydrophobic” and “hydrophilic” look very similar if your handwriting is bad enough 
• The cationic head group forms ion-dipole interactions with water  
• Many students answered this question as if it was about cleaning, not formation of an 

emulsion, and some answered it referring to the structure of soap. Please answer the 
question given in the exam! 

 
 
 
  



Question 32 (6 marks)                Marks 
 
Hypochlorous acid, HOCl, is a sterilising agent used in swimming pools.  It is produced 
when chlorine reacts with water according to the equation shown. 
 

Cl2(aq) + H2O(l) ⇌ HOCl(aq) + HCl(aq) 
 
HOCl ionises to form the hypochlorite ion, OCl−, which is a less effective disinfectant 
than the undissociated acid. The graph shows the concentrations of HOCl(aq) and 
OCl−(aq) at different pH values at 25°C. 
 

 
 
 

(a) Deduce the pH range where the water is most effectively sterilised. 
 

1 
0-6 acceptable 
 

(b) With reference to the graph, determine the pKa of HOCl at 25°C. 
 

1 
Any value 7.3-7.7 inclusive 

 
  



Question cont.    
                                                                                                              Marks 

 
(c) Calculate the pH of 0.100 mol L–1 NaOCl at 25°C. 

 
 

 Marks 
• Correctly calculates the pH using value from (b) 
• Shows all relevant steps of the calculation, including the 

expression for Kb. 

4 

• One error OR missing a calculation step  3 
• Provides some steps of the calculation 2 
• Provides at least one correct calculation or other relevant 

information 
1 

 

Sample calculation (Error carried from (b)) 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
  



Question 33 (5 marks)               
 

A new brand of orange juice claims to contain at least 300.0 mg of vitamin C, C6H8O6, 
per 100 mL serving size on its label. 
  
A back titration involving iodine was performed to test this claim. 
 
Iodine was produced by adding 10.93 mL of 0.001025 mol L–1 aqueous potassium 
iodate, KIO3(aq), to an excess of aqueous potassium iodide solution. 
 

KIO3(aq) + 6H+(aq) + 5I–(aq)  3I2(aq) + 3H2O(l) + K+(aq) 

A 100.0 mL sample of the commercial orange juice was then diluted to 1.000 L using 
deionised water. A 25.00 mL aliquot of the diluted orange juice was then added to the 
iodine produced.  
 

C6H8O6(aq) + I2(aq)  C6H6O6(aq) + 2I–(aq) + 2H+(aq) 
 
The excess iodine was then titrated against 0.001135 mol L-1 thiosulfate solution as 
shown.  

 
I2(aq) + 2S2O3

2–(aq)  S4O6
2–(aq) + 2I–(aq) 

 
The experiment was repeated, and the results are shown below. 
 
  

Trial Volume of Na2S2O3 added (mL) 

1 19.80 

2 12.25 

3 12.35 

4 12.30 

  
 
 
 
 
 
 
 
 
 

 

 

 
  



Question cont.                                                                                                                   Marks 
 
 
Assess the accuracy of the claim made on the label of the orange juice and show your 
working. 
 
 The MM of Vitamin C is 176.124 g mol–1. 
 

5 
  
• Correctly calculates the mass of vitamin C per 100 mL (187.6 mg)  
• States correct conclusion 
• Shows all relevant steps of the calculation 

5 

• One minor error OR missing a calculation step 4 
• Provides most of the steps of the calculation 3 
• Provides some steps of the calculation 2 
• Provides at least one correct calculation or other relevant 

information 
1 

 
 
Most common errors were in the dilution step or using stoichiometric ratios, so read carefully! 
 
Sample calculation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



Question 34 (4 marks)                Marks 
 
The enthalpy of solution is described by the following equation: 

 
∆Hsolʅ = ∆Hlattʅ + ∆Hhydʅ 

 

Values for the lattice enthalpy (∆Hlattʅ), hydration enthalpy (∆Hhydʅ) and entropy of 
solution (∆Ssolʅ) have been given for two ionic compounds, lead(II) chloride and lead(II) 
iodide. 
 
 

Compound 
∆Hlattʅ 

(kJ mol-1) 
∆Hhydʅ 

(kJ mol-1) 
∆Ssolʅ 

(J K-1 mol-1) 

PbCl2 +683 –1820 +136.0 

PbI2 +591 –1540 +174.9 

 
 
State which of the two lead(II) salts is the most soluble and use all values in the table to 
explain this difference in solubility of lead(II) chloride and lead(II) iodide in water.  
Note: You do not need to calculate ∆G to answer this question. 
 

4 
 
  
• Discussed contribution of ∆Hlatt and ∆Hhyd to ∆Hsol values for both salts OR 

directly calculated ∆Hsol   
• Discussed the relative contributions of ∆Hsol to the solubility of each salt 
• Discussed the relative contributions of ∆Ssol to the solubility of each salt 
• Explained the relative significance of ∆Ssol and ∆Hsol values to solubility  
• Correctly identified PbCl2 as more soluble  

4 

• Insufficient detail for one of the above 3 
• Any two correct points from above identified  2 
• Relevant information  1 
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Question 35 (5 marks)         Marks 

Safranal (shown below) is a compound that naturally occurs in saffron. 

(a) On the diagram above, circle and label two different functional groups found in

2 

Safranal can be converted into the compound shown below in two steps. 

(b) Describe how you could produce this compound from safranal, stating the reagents
and conditions required for each step, and draw the intermediate compound.

3 

CRIB JLS

aldehyde

alkene

Note: Lots of students labeled 
the carbonyl group (C=O)
A carbonyl group is found in an 
aldehyde/ketone functional 
group.

Correct hydrogenation conditions (hydrogen gas and Pd/C catalyst)
Correct oxidation conditions (acidified potassium dichromate/acidified 
potassium permanganate/Tollens' reagent)
Correctly drawn intermediate

Order of steps was ignored.

Note: This question was generally done well by students.

safranal.

2 Marks Two correct labels 
1 Mark  One correct label

1 Mark 
1 Mark 

1 Mark

Marking criteria

Marking criteria

JLS
Pencil

JLS
Pencil
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Question 36 (4 marks)         Marks 

What mass of solid sodium hydroxide should be added to 100.0 mL of 0.500 M HCl to 
increase the temperature by 5.00°C? 

You can assume that the specific heat capacity of the solution is 4.18 × 103 J kg-1 K-1. 

NaOH(aq) + HCl(aq)    NaCl(aq) + H2O(l)   ΔH = –56.1 kJ mol-1

NaOH(s)    NaOH(aq)    ΔH = –44.5 kJ mol-1 

4 

Sample answer

Step 1 Calculation of combined ∆H for NaOH(s) + HCl(aq)    NaCl(aq) + H2O(l) 
 ∆H = –56.1 kJ mol-1 – 44.5 kJ mol-1 = –100.6 kJ mol-1

Step 2 Calculation of q
 q = mc∆T
 q = 100 × 4.18 × 5 = 2090 J

Step 3 Calculation of n(NaOH)
 n(NaOH) = q / ∆H
 n(NaOH) = 2.090 kJ / 100.6 kJ mol-1 = 0.02078 mol

Step 4 Calculation of m(NaOH)
 m(NaOH) = n × FW(NaOH)
 m(NaOH) = 0.02078 × 39.998 = 0.831 g

Other correct answers for 4 marks (with working):
Taking into account the HCl in mass of solution: 0.846 g
Taking into account the NaOH in mass of solution: 0.838 g
Taking into account the HCl and NaOH in mass of solution: 0.853 g

4 Marks
3 Marks
2 Marks
1 Mark 

All 4 correct steps and correct answer
3 correct steps
2 correct steps
1 correct step / any relevant information

Marking criteria

Note: 
Many students did not use q = mc∆T correctly. m is the mass of the solution, not the mass of 
NaOH.



Sydney Grammar School Form VI Chemistry  2024 Trial Examination 

Page 31 

Question 37 (9 marks) 

Compounds X, Y and Z are isomers containing 68.1% carbon, 13.7% hydrogen and 18.2% 
oxygen by mass. They have a molar mass of less than 100 g mol–1. 

A student performs chemical tests on the three compounds. Results of the tests are shown 
in the table below. 

Compound Addition of oxidant, acidified 
potassium dichromate solution 

Addition of Lucas reagent  
(conc. HCl(aq) and ZnCl2(aq)) 

X Orange solution remains Precipitate forms immediately 

Y Orange solution turns green Colourless solution remains 

Z Orange solution turns green Precipitate forms after 5 minutes 

Question continues on next page. 
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Question continued.

1H NMR data is also given for compounds X, Y and Z. 

Compound X 

Compound Y 

Compound Z 
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Question continued.      Marks 

Draw and name compounds X, Y and Z and, by using all information given, justify your 
choice for compound X. 

9 

Compound X 

Name: ………………………………………………….. 

Compound Y 

Name: ………………………………………………….. 

Compound Z 

Name: ………………………………………………….. 

JLS
Pencil
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Justification for compound X:

Marking criteria

M1 Correct structure and name for compound X (2-methylbutan-2-ol)

M2 Correct structure and name for compound Y (pentan-1-ol)

M3 Correct structure and name for compound Z (3-methylbutan-2-ol)

M4 Use %mass data in justification by:
o calculating empirical formula (and showing working)
o calculating molar ratio from percentage masses and formula weight/number of H

NMR peaks)

M5 Use mass limit of 100 g mol-1 in your justification by:
o stating formula weight and comparing to 100 g mol-1

o eliminating possibility of C10H24O2

M6 Use both chemical tests to confirm X is a tertiary alcohol

M7-9 H NMR justification was marked holistically

3 marks for full justification including:
• reference to all four peaks in H NMR spectrum
• explanation for splitting patterns in relation to structure
• justification of peak area ratio
• chemical shifts in relation to structure

1 mark for any weak justification

2 marks for good justification including 2/3 of the following:
• reference to all peaks in H NMR spectrum
• explanation for splitting patterns
• justification of peak area ratio
• chemical shifts in relation to structure

Notes: 

The best answers included:
• a diagram with labels for the four proton environments, which could be referred to in the 

justification
• separate headings for mass data, chemical tests and spectral data

Entry level marks (max 1, for students on 2 marks or less using marking guidelines above)

Naming - any correct name
Structure - any correct structure
Formula - correct formula or formula weight
ID alcohol.

A tip: If you don't know where to start on a question like this in the HSC exam, start by 
annotating your spectra!
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