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1 Which one of the following is an acid-base conjugate pair? 

(A) HCl (aq) / NaOH (aq) 

(B) H2O (l) / OH– (aq) 

(C)  H2SO4 (aq) / SO4
2– (aq) 

(D)  CH3COOH (aq) / CH3CHO (aq) 

 

2 Which change increases the pH of a solution from 3 to 6? 

(A)  Doubling the [H3O+] 

(B)  Halving the [OH−] 

(C)  Decreasing the [H3O+] by a factor of 1000 

(D)  Decreasing the [OH–] by a factor of 1000 

 

3 Which one of the following conductivity curves represents a titration that has a 

weak acid in the beaker with a strong base being added to it? 

 

 

                  (A)                                        (B)                (C)                      (D) 
 

 

4 Which of the following solutions (at the same concentration) will have the lowest 

pH value? 

(A)  Ammonium chloride 

(B)  Sodium nitrate 

(C)  Potassium carbonate 

(D)  Sodium ethanoate 
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5 Tollens’ reagent was added to an unknown organic compound. This compound 

reduced this reagent to a silver mirror as shown below. 

 
 

Which of the following could the unknown organic compound be? 
 

(A)  propanal 

(B)  propanone 

(C)  propanoic acid 

(D)  2-propanol 

 
 

6 Which of the following statements must be true for a reaction where Keq is very large? 

 

(A) Equilibrium is reached very quickly. 

(B) The forward reaction is extremely endothermic. 

(C) At equilibrium, the forward reaction rate is much greater than the reverse 
reaction rate. 

(D) The reaction essentially proceeds to completion. 

 
 

 
7 Which of the following molecules is a secondary amide? 

 

N
CH3

CH3

CH3

O  

N
CH3

CH3

H

O  

NH

CH3

CH3

O  

NH2CH3

O  

(A) (B) (C) (D) 
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8 Cinnamic acid, shown below, is an organic compound that is the main flavour 

component of cinnamon. 

 
 
Which of the following reagents would you expect to react with cinnamic acid under 

the conditions given? 

 

Reagent Bromine water at 
room temperature 

Sodium carbonate 
solution 

(A) Yes Yes 

(B) No Yes 

(C) Yes No 

(D) No No 

 
 

9 Which molecules are isomers of propan-2-yl acetate, shown below? 
 

 
 

OH

O

 

O

O

 

O

O

 

O

O  
I II III IV 

 

(A)  I and II  

(B)  II and IV 

(C)  I, II and IV 

(D)  II, III and IV 
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10 When 0.1 mol L−1 solutions of the following pairs of substances are mixed, which 

pair will produce a precipitate? 

(A)  zinc chloride and sodium sulfate  

(B)  copper(II) sulfate and barium nitrate 

(C)  magnesium nitrate and sodium chloride 

(D)  ammonium chloride and sodium hydroxide 

 

 
11 What is the IUPAC name of Compound A? 

 

 
Compound A 

 

(A)  2-bromo-3,4-dichloro-2-ethylpentane  

(B)  2,3-dichloro-4-bromo-4-ethylpentane 

(C)  2,3-dichloro-4-bromo-4-methylhexane 

(D)  4-bromo-2,3-dichloro-4-methylhexane 

  
 

12 Which of the following molecules contains a carbon atom that bonds to adjacent 

atoms with trigonal planar geometry? 

 

(A)  C2H6 

(B)  CH3NH2 

(C)  CH3CHO 

(D)  CH3OH 

 
 

13 Complete combustion of one of the following organic compounds formed equal 

volumes of carbon dioxide and water vapour, under the same conditions of 

temperature and pressure. What is the molecular formula of the organic compound? 

(A)  C3H8 

(B)  C2H2O 

(C)  C2H6O 

(D)  C2H4 
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14 Which of the following equilibria will produce a greater amount (in mol) of products 

when the temperature of the system is decreased and when the total pressure is 

increased by decreasing the volume of the reaction vessel? 

(A)   N2(g) + 3 H2(g) ∏ 2 NH3(g) ΔHʅ = −92 kJ mol−1   

(B)   N2O4(g) ∏ 2 NO2(g)  ΔHʅ = +57 kJ mol−1   

(C)   H2(g) + I2(g) ∏ 2 HI(g)  ΔHʅ = −9.5 kJ mol−1   

(D)  PCl5(g) ∏ PCl3(g) + Cl2(g) ΔHʅ = +88 kJ mol−1   

 

15 The polymer polylactic acid, PLA, shown below, is a condensation polymer made from 

a single monomer. 

 

How many unique proton environments would there be in the 1H NMR spectrum of 

PLA’s monomer? 

 

(A)  1 

(B)  2 

(C)  3 

(D)  4 

 

16 Which mixture would produce a buffer solution when dissolved in 1.0 L of water? 

(A)  0.50 mol of CH3COOH and 0.50 mol of NaOH 

(B)  0.50 mol of CH3COOH and 0.25 mol of NaOH 

(C)  0.50 mol of CH3COOH and 1.00 mol of NaOH 

(D)  0.50 mol of CH3COOH and 0.25 mol of Ba(OH)2 
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17 What is the molar concentration of H3O+ ions in an acetic acid solution in which the 

[CH3COOH] = 2.0 mol L−1 and [CH3COO–] = 1.0 mol L−1 given Ka = 1.8 x 10−5. 

(A)  6.0 x 10−3 M 

(B)  3.6 x 10−5 M 

(C)  1.8 x 10−5 M 

(D)  9.1 x 10−6 M  

 

18 Consider the ionisation of water at 25°C: 

H2O(l) ⇌ H+(aq) + OH−(aq)                       Kw = 1.0 x 10−14  

At 37°C, Kw = 2.4 x 10−14. What can be deduced from this? 

(A)  The pH value of pure water decreases when heated. 

(B)  The enthalpy of ionisation of water is negative. 

(C)  The [OH–] at 37°C is lower than at 25°C. 

(D)  The conductivity of water at 37°C is lower than at 25°C. 

 

 

19 Consider the following reactions and their Keq values at 700 °C. 
 

H2(g) + I2(g) Ý 2 HI(g)               K1 (at 700 °C) = 49 

2 H2(g) + S2(g) Ý 2 H2S(g)   K2 (at 700 °C) = 1.1 × 108 

 

Which of the following is the value of Keq (at 700 °C) for the following reaction? 
 
   2 I2(g) + 2 H2S(g) Ý S2(g) + 4 HI(g) 
 
 

(A) 492

1.1×108
 

 
(B)  

49
1.1×108

 

 
(C)  

2×49
1.1×108

 

 
(D) 2 × 49−1.1 × 108 
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20 When gaseous nitrosyl bromide (NOBr) decomposes in a closed container at a certain 

temperature and pressure, the following equilibrium is established: 

                          2 NOBr(g) Ý 2 NO(g) + Br2(g) 

4.0 mol of NOBr(g) were placed in a 1.0 L container and allowed to reach equilibrium. 

At equilibrium, the concentration of Br2(g) was 1.0 mol L−1. What is the value of Keq 

under these conditions? 

(A)  0.5 

(B)  1.0 

(C)  1.5 

(D)  2.0



SECTION II: 80 marks 
Attempt ALL Questions  
Write your answer in the space provided. 
 

 

ANS Page 1 

CANDIDATE NUMBER 

 

 
Question 21 (3 marks) 

         
Acetic acid is flammable. Thermodynamic data (at 298 K) for the complete combustion of 

acetic acid is presented in the table below.  

 

ΔcHʅ = −874.2 kJ mol−1 ΔcSʅ = −2.6 J K−1 mol−1  

 

Using the information in the table, explain why combustion of acetic acid does not come 

to equilibrium but instead proceeds to completion.  

 
  ........................................................................................................................................…….  
 
…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 
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Question 22 (4 marks) 
 
Formaldehyde (CH2O) trimerises in acidic aqueous solution, according to the following 

equation: 

3 CH2O(aq) Ý C3H6O3(aq)  Keq = 3.0 × 10−5 

1.2 mol of formaldehyde is dissolved in water to form 1.0 L of solution; this system is 

allowed to come to equilibrium.  

 

Calculate the concentration of C3H6O3(aq) in the resulting solution.  

 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

……………………………………………………………………………………………………… 

 

Question 23 (3 marks) 
 
Aluminium sulfate has a solubility of 36.4 g per 100 mL. Calculate Ksp for aluminium sulfate. 

 
…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 
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Question 24 (8 marks)         Marks 

 
The industrial manufacture of methanol involves the following reversible reaction: 

 
CO(g) + 2 H2(g) Ý  CH3OH(g)   ΔcHʅ = −331.84 kJ mol−1  
 
 

(a) Write the equilibrium constant expression for this reaction.  

 

………………………………………………………………………………………                1 

 

A mixture of CO, H2 and methanol is placed in a reaction vessel of variable volume and 

allowed to reach equilibrium. 

 

(b) By referring to the reaction quotient, Q, and the equilibrium constant, Keq, explain 

the effect of halving volume of the vessel on the amount (in mol) of methanol 

present.   

 ............................................................................................................................. 3 

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

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

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

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

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

 

(c) Using collision theory, explain the effect of increasing the temperature of this 

system on the equilibrium constant, Keq.  

 ............................................................................................................................. 4 

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

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

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

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

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

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

 ............................................................................................................................. 
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Question 25 (6 marks)                   Marks 
 

27.82 g of hydrated sodium carbonate crystals, Na2CO3·xH2O, was dissolved in water and 

made up to 1.000 L. 25.00 mL of this solution was neutralised by 48.80 mL of hydrochloric 

acid of concentration 0.1000 mol L−1. 

 

(a) Write an equation for the reaction between sodium carbonate and hydrochloric acid. 

 ............................................................................................................................... 1 
 

(b) Calculate the molar concentration of the sodium carbonate solution neutralised by 

the hydrochloric acid. 

 ............................................................................................................................... 2 

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

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

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

 
 

(c) By calculating the mass of water in the hydrated crystals, find the value of x. 

 ............................................................................................................................... 3 

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

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

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

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

 ............................................................................................................................... 
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Question 26 (2 marks) 
 

The graph below represents a titration curve for a 0.100 mol L−1 ammonia (NH3) solution, 

when it is titrated with a strong acid.   

 

 

On the diagram above, draw the titration curve that would result if the ammonia is replaced by 

a solution of sodium hydroxide of the same concentration. 
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Question 27 (3 marks)          
 

Explain the term amphiprotic as it relates to the behaviour of salts in solution. Use the 

salt, potassium hydrogen sulfate, KHSO4, and equations to illustrate your answer. 

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

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

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

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

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

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

 

Question 28 (4 marks)     
 

The setup below can be used to determine the end point of an acid/base titration by 

measuring conductivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graph that follows shows the changes in conductivity of the solution when a 

solution of ammonia from the burette is added to a solution of sulfuric acid in the 

beaker during a conductometric titration:     

 

 

                                                        Question continued 
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Question continued                    Marks 
 
 
            

 

 

(a) Using A, B or C, identify the equivalence point of this titration. 

 ............................................................................................................................. 1 
 

(b) Explain why this conductivity curve has this shape. 

 ............................................................................................................................. 3 

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

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

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

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

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

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

 

 
 
  

C
on

du
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B C

A



Sydney Grammar School  Form VI Chemistry  2021 Trial Examination 
 

ANS Page 8  

CANDIDATE NUMBER  
Question 29 (8 marks)                   Marks 
 

Propanoic acid, CH3CH2COOH, is classified as a weak acid. 
 

(a) According to Brønsted-Lowry Theory, state the meaning of the term weak acid. 

 ............................................................................................................................... 1 

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

(b) Write a balanced chemical equation for the reaction of propanoic acid with 

water. 

 ............................................................................................................................... 1 
 

(c) Determine the pH of a 0.100 mol L-1 solution of propanoic acid, given its pKa = 4.87. 

 ............................................................................................................................... 3 

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

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

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

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

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

 
(d) A mixture of propanoic acid and sodium propanoate can act as a buffer solution. 

Calculate the pH of a solution containing 4.81 g of sodium propanoate in 1.0 L of 

2.0 x 10-2 mol L-1 propanoic acid, stating any assumptions you have made. 

 

 ............................................................................................................................... 3 

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

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

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

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

 ............................................................................................................................... 
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Question 30   (4 marks)         Marks 
 
Lavandulol is a compound that is found in lavender oil. The structural formula of 

lavandulol is shown below. 

 

 

 
 

Lavandulol 
 

 
(a) Give the molecular formula of lavandulol. 

 
 

………………………………………………………………………………………………   1 
 
 

(b) Identify the two functional groups found in lavandulol. 
 
 

……………………………………………………………………………………………     2 

………………………………………………………………………………………….. 

 
 
 

(c) Draw the structural formula of the molecule that is formed when lavandulol is 

exposed to an excess of chlorine gas.      1 
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Question 31 (3 marks)          
 
There are two forms of the polyethylene polymer formed from the ethene monomer. The 

two forms can be distinguished from each other based on the extent of branching. 

 

 
 

 

Type I Polyethylene Type II Polyethylene 
 
 

Identify a property that differs between the two types of polyethylene. Explain why there 

is a difference. 

 

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

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

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

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

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

 ......................................................................................................................................... 
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Question 32 (3 marks)          
 
 
The structure of a soap molecule is shown below. 
 

Soap molecule 
 

 
With reference to its structural features, explain the cleaning action of soap. 

 

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

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

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

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

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

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

 ......................................................................................................................................... 
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Question 33 (7 marks)                   Marks 
 
The structural formulae of three isomeric alcohols are shown below. 
 

OH  OH  
OH

 

Alcohol A Alcohol B Alcohol C 
 
 
(a) State which of the three alcohols is resistant to oxidation using acidified 

potassium dichromate. 

 
………………………………………………………………………………………………… 1 

    
 
 
(b) Write a balanced chemical equation to show the complete combustion of Alcohol A. 

 
 
……………………………………………………………………………………………….... 1 

 
 
 
(c) State the type of reaction Alcohol B will undergo to produce 2-bromohexane. 

 
 
………………………………………………………………………………………………… 1 

 
 
 

(d) State the IUPAC name for Alcohol C. 
 
………………………………………………………………………………………………… 1 

 
 
 
(e) State which of the three alcohols would have the lowest boiling point and explain why. 
 

………………………………………………………………………………………………… 3 

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

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 
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Question 34 (5 marks)         Marks 
 
Fumaric acid is a naturally occurring dicarboxylic acid. It is a key intermediate in human 

metabolism and it is often used as a food additive. Fumaric acid is an important 

molecule in synthesis as it can be readily converted into a range of molecules as seen in 

the reaction scheme below. 

 
(a) Using the reaction conditions given in the scheme below, deduce and draw the 

structures of Compound A, Compound B and a section of polymer C.                 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                             Question continued 

Excess CH
3
OH 

Conc. H
2
SO

4
 

Reflux 

Compound A 

Fumaric acid 

Polymer C 

Polymerisation 

H2O 
Dilute H2SO4 

 

Compound D 

Compound B 
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Question continued          Marks 

 
 

(b) State the reagent/conditions required to prepare Compound D from fumaric 
acid. 
 

 ............................................................................................................................... 1 

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

 
(c) Identify the type of polymerisation fumaric acid must undergo to produce 

polymer C.  

 ............................................................................................................................... 1 

 ............................................................................................................................... 
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Question 35 (5 marks) 

 

A dilute solution of an unknown salt is to be analysed. The cation is one of Mg2+, Ba2+ or 

Fe3+. The anion is one of chloride, acetate or sulfate.  

Outline a sequence of tests that could be performed in a school laboratory to confirm the 

identity of this salt solution. Include expected observations and a balanced chemical 

equation in your answer. 

 

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

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

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

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

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

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

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

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

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

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

 ...................................................................................................................................... 
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Question 36 (5 marks)         Marks 

UV-Vis spectrophotometry was performed on two samples, A and B, with the 

results shown below. 

 

(a) If equal volumes of solution A and solution B were mixed, identify the wavelength that 

should be used to measure the absorbance of Solution B in this unreacted mixture? 

Justify your answer.   

 

………………………………………………………………………………………………   1 
 
 

(b) A chemist used the appropriate wavelengths for each solution and constructed two 

calibration curves on the same set of axes, as shown below.  

 

 

Question continued 

A 
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Question continued          Marks 

 

The chemist found that, when it was measured at the appropriate wavelength, 

Solution B had an absorbance of 0.400. If Solution B contained an organic 

substance with molecular formula C23H27N3O15S (molar mass 617.53 g mol−1), 

determine its concentration in mol L−1.  

 ............................................................................................................................. 2 

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

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

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

 

 

(c) A sample of contaminated water containing the same compound as found in 

solution A was analysed and found to have an absorbance of 0.80. Can the 

calibration curve above be used validly to analyse the sample of contaminated 

water for its concentration of the compound found in solution A? Justify your 

answer.  

 

 ............................................................................................................................. 2 

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

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

 ............................................................................................................................. 
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Question 37 (7 marks) 

  
A sample of an unknown organic compound was analysed using mass spectrometry, IR 

spectroscopy and proton and carbon-13 NMR. The resulting spectra are shown below. 

Mass Spectrum                                                         IR Spectrum 
 

      
 

13C NMR spectrum     1H NMR spectrum 
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Question continued.          
 
Deduce and draw the structural formula of the unknown compound, justifying your 

answer with reference to the spectra. Note the proton NMR shift data has not been 

provided. 

 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ......................................................................................................................................... 
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SECTION I: MULTIPLE CHOICE (20 marks) 
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1 Which one of the following is an acid-base conjugate pair? 

(A) HCl (aq) / NaOH (aq) 

(B) H2O (l) / OH– (aq) 

(C)  H2SO4 (aq) / SO4
2– (aq) 

(D)  CH3COOH (aq) / CH3CHO (aq) 

 

2 Which change increases the pH of a solution from 3 to 6? 

(A)  Doubling the [H3O+] 

(B)  Halving the [OH−] 

(C)  Decreasing the [H3O+] by a factor of 1000 

(D)  Decreasing the [OH–] by a factor of 1000 

 

3 Which one of the following conductivity curves represents a titration that has a 

weak acid in the beaker with a strong base being added to it? 

 

 

                  (A)                                        (B)                (C)                      (D) 
 

 

4 Which of the following solutions (at the same concentration) will have the lowest 

pH value? 

(A)  Ammonium chloride 

(B)  Sodium nitrate 

(C)  Potassium carbonate 

(D)  Sodium ethanoate 

 

  

MTK
Highlight

MTK
Highlight

MTK
Highlight

MTK
Highlight

MTK
Highlight

MTK
Highlight
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5 Tollens’ reagent was added to an unknown organic compound. This compound 

reduced this reagent to a silver mirror as shown below. 

 
 

Which of the following could the unknown organic compound be? 
 

(A)  propanal 

(B)  propanone 

(C)  propanoic acid 

(D)  2-propanol 

 
 

6 Which of the following statements must be true for a reaction where Keq is very large? 

 

(A) Equilibrium is reached very quickly. 

(B) The forward reaction is extremely endothermic. 

(C) At equilibrium, the forward reaction rate is much greater than the reverse 
reaction rate. 

(D) The reaction essentially proceeds to completion. 

 
 

 
7 Which of the following molecules is a secondary amide? 

 

N
CH3

CH3

CH3

O  

N
CH3

CH3

H

O  

NH

CH3

CH3

O  

NH2CH3

O  

(A) (B) (C) (D) 
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8 Cinnamic acid, shown below, is an organic compound that is the main flavour 

component of cinnamon. 

 
 
Which of the following reagents would you expect to react with cinnamic acid under 

the conditions given? 

 

Reagent Bromine water at 
room temperature 

Sodium carbonate 
solution 

(A) Yes Yes 

(B) No Yes 

(C) Yes No 

(D) No No 

 
 

9 Which molecules are isomers of propan-2-yl acetate, shown below? 
 

 
 

OH

O

 

O

O

 

O

O

 

O

O  
I II III IV 

 

(A)  I and II  

(B)  II and IV 

(C)  I, II and IV 

(D)  II, III and IV 
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10 When 0.1 mol L−1 solutions of the following pairs of substances are mixed, which 

pair will produce a precipitate? 

(A)  zinc chloride and sodium sulfate  

(B)  copper(II) sulfate and barium nitrate 

(C)  magnesium nitrate and sodium chloride 

(D)  ammonium chloride and sodium hydroxide 

 

 
11 What is the IUPAC name of Compound A? 

 

 
Compound A 

 

(A)  2-bromo-3,4-dichloro-2-ethylpentane  

(B)  2,3-dichloro-4-bromo-4-ethylpentane 

(C)  2,3-dichloro-4-bromo-4-methylhexane 

(D)  4-bromo-2,3-dichloro-4-methylhexane 

  
 

12 Which of the following molecules contains a carbon atom that bonds to adjacent 

atoms with trigonal planar geometry? 

 

(A)  C2H6 

(B)  CH3NH2 

(C)  CH3CHO 

(D)  CH3OH 

 
 

13 Complete combustion of one of the following organic compounds formed equal 

volumes of carbon dioxide and water vapour, under the same conditions of 

temperature and pressure. What is the molecular formula of the organic compound? 

(A)  C3H8 

(B)  C2H2O 

(C)  C2H6O 

(D)  C2H4 
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14 Which of the following equilibria will produce a greater amount (in mol) of products 

when the temperature of the system is decreased and when the total pressure is 

increased by decreasing the volume of the reaction vessel? 

(A) N2(g) + 3 H2(g) ∏ 2 NH3(g) ΔHʅ = −92 kJ mol−1

(B) N2O4(g) ∏ 2 NO2(g) ΔHʅ = +57 kJ mol−1

(C) H2(g) + I2(g) ∏ 2 HI(g) ΔHʅ = −9.5 kJ mol−1

(D) PCl5(g) ∏ PCl3(g) + Cl2(g) ΔHʅ = +88 kJ mol−1

15 The polymer polylactic acid, PLA, shown below, is a condensation polymer made from 

a single monomer. 

How many unique proton environments would there be in the 1H NMR spectrum of 

PLA’s monomer? 

(A) 1

(B) 2

(C) 3

(D) 4

16 Which mixture would produce a buffer solution when dissolved in 1.0 L of water? 

(A) 0.50 mol of CH3COOH and 0.50 mol of NaOH

(B) 0.50 mol of CH3COOH and 0.25 mol of NaOH

(C) 0.50 mol of CH3COOH and 1.00 mol of NaOH

(D) 0.50 mol of CH3COOH and 0.25 mol of Ba(OH)2
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17 What is the molar concentration of H3O+ ions in an acetic acid solution in which the 

[CH3COOH] = 2.0 mol L−1 and [CH3COO–] = 1.0 mol L−1 given Ka = 1.8 x 10−5. 

(A)  6.0 x 10−3 M 

(B)  3.6 x 10−5 M 

(C)  1.8 x 10−5 M 

(D)  9.1 x 10−6 M  

 

18 Consider the ionisation of water at 25°C: 

H2O(l) ⇌ H+(aq) + OH−(aq)                       Kw = 1.0 x 10−14  

At 37°C, Kw = 2.4 x 10−14. What can be deduced from this? 

(A)  The pH value of pure water decreases when heated. 

(B)  The enthalpy of ionisation of water is negative. 

(C)  The [OH–] at 37°C is lower than at 25°C. 

(D)  The conductivity of water at 37°C is lower than at 25°C. 

 

 

19 Consider the following reactions and their Keq values at 700 °C. 
 

H2(g) + I2(g) Ý 2 HI(g)               K1 (at 700 °C) = 49 

2 H2(g) + S2(g) Ý 2 H2S(g)   K2 (at 700 °C) = 1.1 × 108 

 

Which of the following is the value of Keq (at 700 °C) for the following reaction? 
 
   2 I2(g) + 2 H2S(g) Ý S2(g) + 4 HI(g) 
 
 

(A) 492

1.1×108
 

 
(B)  

49
1.1×108

 

 
(C)  

2×49
1.1×108

 

 
(D) 2 × 49−1.1 × 108 
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20 When gaseous nitrosyl bromide (NOBr) decomposes in a closed container at a certain 

temperature and pressure, the following equilibrium is established: 

                          2 NOBr(g) Ý 2 NO(g) + Br2(g) 

4.0 mol of NOBr(g) were placed in a 1.0 L container and allowed to reach equilibrium. 

At equilibrium, the concentration of Br2(g) was 1.0 mol L−1. What is the value of Keq 

under these conditions? 

(A)  0.5 

(B)  1.0 

(C)  1.5 

(D)  2.0

MTK
Highlight

MTK
Pencil



SECTION II: 80 marks 
Attempt ALL Questions  
Write your answer in the space provided. 
 

 

Page 10 

CANDIDATE NUMBER 

 

 
Question 21 (3 marks) 

         
Acetic acid is flammable. Thermodynamic data (at 298 K) for the complete combustion of 

acetic acid is presented in the table below.  

 

ΔcHʅ = −874.2 kJ mol−1 ΔcSʅ = −2.6 J K−1 mol−1  

 

Using the information in the table, explain why combustion of acetic acid does not come 

to equilibrium but instead proceeds to completion.  

 
  ........................................................................................................................................…….  
 
…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 
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Question 22 (4 marks) 
 
Formaldehyde (CH2O) trimerises in acidic aqueous solution, according to the following 

equation: 

3 CH2O(aq) Ý C3H6O3(aq)  Keq = 3.0 × 10−5 

1.2 mol of formaldehyde is dissolved in water to form 1.0 L of solution; this system is 

allowed to come to equilibrium.  

 

Calculate the concentration of C3H6O3(aq) in the resulting solution.  

 

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

………………………………………………………………………………………………………

…………………………………………………………………………………………………… 

 

Question 23 (3 marks) 
 
Aluminium sulfate has a solubility of 36.4 g per 100 mL. Calculate Ksp for aluminium sulfate. 

 
…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

…………………………………………………………………………………………………………

………………………………………………………………………………………………………… 
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Question 24 (8 marks)         Marks 

 
The industrial manufacture of methanol involves the following reversible reaction: 

 
CO(g) + 2 H2(g) Ý  CH3OH(g)   ΔcHʅ = −331.84 kJ mol−1  
 
 

(a) Write the equilibrium constant expression for this reaction.  

 

………………………………………………………………………………………                1 

 

A mixture of CO, H2 and methanol is placed in a reaction vessel of variable volume and 

allowed to reach equilibrium. 

 

(b) By referring to the reaction quotient, Q, and the equilibrium constant, Keq, explain 

the effect of halving volume of the vessel on the amount (in mol) of methanol 

present.   

 ............................................................................................................................. 3 

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

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

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

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

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

 

(c) Using collision theory, explain the effect of increasing the temperature of this 

system on the equilibrium constant, Keq.  

 ............................................................................................................................. 4 

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

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

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

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

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

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

 ............................................................................................................................. 
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Question 25 (6 marks)

27.82 g of hydrated sodium carbonate crystals, NazCOe'xHzO, was dissolved in water and

made up to 1.000 L. 25.00 mL of this solution was neutralised by 48.80 mL of hydrochloric

acid of concentration 0.1000 mol Lr.

Marks

3

(a) Write an equation for the reaction between sodium carbonate and hydrochloric acid.

.......1"1u-K.a.......t...2..fl.&......-..e..l:.ll(i-.....+.@1...:1....f$PL Lq>,@ Ay (q; La) e)
Calculate the molar concentration of the sodium carbonate solution neutralised by

the hydrochloric acid.

n . .G r g) 
.. .:. . .a. ;. !.ee e .. x .e ;. a k .8.P- . . . .i..a.: . H k.?- .€ Q- . . . *.!

n(Nqa') 7 Q'(?!?PZ :2'"aeakQ d
."tN"ral") : o :2??(??,6,a4€ ? c: : 917fu n

. ". 2,... mar{c.,z... =..*(€pt.a nf *€c ...A... 4.. e.t e....fr. r t
( nor/.: <oYrct cY15b4' -/-4,3 + +'4t

c:R are calzu)t*fiao 2r,8n
By calculating the mass of water in the hydrated crystals, find the value of x.

vtM (Na G.) = rQ5'?7 s mal:t
; 4iin=Je, : $:, ii, i,i L, ;, ;,,, *z *m r 4;
;:, I J ;::d ;;Jt, i ii [ : ;".;;: : 1:, 8:';i
;,/t=Lc)) ; t;|iil,i;f ,i,F ) i/,:' ii;J
" GlrC) : t7'+ .at6 :- A. lZa -o/

(b)

(c)

1

2

6 q

I,aob ^hu ,&r63t fLC

= O'o4 7/ ;o'172

= I"q.qh "u /:/o
/_= lO

j 
^orLl , 

(prte cf ,4+t fie/ L uarllat llt uU
?- t^o r-t 1a z)A ery'a,f
I uar ene e?

e/l orJ
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Question 26 (2 marks)

The graph below represents a titration curve for a 0.100 mol L-1 ammonia (NHa) solution,

when it is titrated with a strong acid

+

pH

ve

05101520253035404550

Volume of titrant (mL)

On the diagram above, draw the titration curve that would result if the ammonia is replaced by

a solution of sodium hydroxide of the same concentration.

fo, @ ^^e(-
-rt/E?/

,n/fv'l (-t, B (3"2 t2-r
14

13

12
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10

I
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5

4

3

2

1

0

t4 L
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I w^"/t Qn ane

d--

Cz

.f @,

\
\

\ \

\ ,zeJu tua'bn 'e 7t= / t

\
I

sat4e

C

Page l4

a"A ar/ecf



5ydney khool form Vl Ihemistrv 2021 lrial Ixamination

Question #'rtmarks)

Explain the term amphiprotic as it relates to the behaviour of salts in solution. Use the

salt, potassium hydrogen sulfate, KHSOa, and equations to illustrate your answer.

tl
A* fi; get ic., . mr^.. ar;f. .a s. .. . . 44 . . . ac.cd. ..o.t .a"-..hak.#.*lz- - 3

{sc s11(ra,rfva

Marks

t6H --rt,

I;;:;L
I avtL

Questionle @

2rl
The setup below can be used to determine the end point of an acid/base titration by

measuring cond uctivity.

c,4.
[Mg.-

Oarnonstrliira
Ac ArlrtteEf &a i2v

''r'AN
rod

csboo

The graph below shows the changes in conductivity of the solution when a solution of

ammonia from the burette is added to a solution of sulfuric acid in the beaker during a

cond uctometric titration:

Question continued
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Question continued

A

B

r!fiffic of br€.ddcd

(a) Using A, B or C, identify the equivalence point of this titration.

b
(b) Explain why this conductivity curve has this shape.

c

Marks

3

I

*ft:
,*.s....f#..........

oI "4
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Propanoic acid, CHoCHzCOOH, is classified as a weak acid.

(a) According to Brsnsted-Lowry Theory, state the meaning of the term weak acid.

z1
Question/Q (8 marks)

)i,nLtr,pijv:; J"^.,ai

Marks

1o
3

(b) Write a balanced chemical equation for the reaction of propanoic acid with

water.

* A(- %

*tbaw**uf qt)# eHr s,H{z"r; nt{r'

K*: La:(.Q :
rtba

(c) Determine the pH of a 0.100 mol L-1 solution of propanoic acid, given its pK^= 4.87

-f,l'l-hj f /2

Eilp1atL
.+ 2C

*

er(of fs. I:3hfr to:..{ C

2L= l.tAy lo

I varL et$dt+
?e

r u.lUI"l,afii 2r /Q

Grlrc71"<aPJ
=vfu'*

,ou7oi!3 7'? +-

w,l
a,Vda"l14

(eJ

'^o

o't& .k,......

t

-z
*rL

Q.. :2.5. -#.7 .......... e.
tk ..................t *

Lt

(d) A mixture of propanoic acid and sodium propanoate can act as a buffer

Calculate the pH of a solution containing 4.81 g of sodium propanoate in 1.0 L of

2.0 x 10-2 mol L-1 propanoic acid, stating any assumptions you have made.

l4f n (*H++H*aee)
t*'8 ,

=O.o547 ^ol.a6

..'::s

3

#^rl *..Hse.A"m.

ef rdf .
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2:?c 

',Q.,:.a.f,&7.ztA..^....P'K"""""' q
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2'Or lO ;?_
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 ............................................................................................................................... 

 

 ............................................................................................................................... 1 
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CANDIDATE NUMBER 

Question 35 (5 marks) 

A dilute solution of an unknown salt is to be analysed. The cation is one of Mg2+, Ba2+ or 

Fe3+. The anion is one of chloride, acetate or sulfate.  

Outline a sequence of tests that could be performed in a school laboratory to confirm the 

identity of this salt solution. Include expected observations and a balanced chemical 

equation in your answer. 

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

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

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

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

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

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

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

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

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

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

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

Notes:  
• Many sequences are possible - sample answers follow.
• Better answers gave sequence and confirmation tests.
• Observations need colours of precipitates.
• Magnesium hydroxide is insoluble - use data sheet for Ksp for confirmation - many boys

neglected this, hence did not have a full sequence.
• Magnesium does not give a white flame test - many boys mixed up combustion of

magnesium metal for flame test of magnesium ion.
• Silver sulfate is slightly soluble (see Ksp); should have been discussed if silver nitrate added

in sequence e.g. silver sulfate is unlikely to ppt since the solution is dilute (from question).
• Many boys wrote equations when NVR?
• If no relevant equation given, then you cannot get more than 3 marks. Read the question.
• Must have sequence for both cations and anions - else 2 is max marks.
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CANDIDATE NUMBER 

A dilute solution of an unknown salt is to be analysed. The cation is one of Mg2•, Ba2• or 

Fe3+. The anion is one of chloride, acetate or sulfate. 

Outline a sequence of tests that could be performed in a school laboratory to confirm the 

identity of this salt solution. Include expected observations and a balanced chemical 

equation in your answer. 
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CANDIDATE NUMBER 

Question 36 (5 marks) Marks 

UV-Vis spectrophotometry was performed on two samples, A and B, with the 

results shown below. 

(a) If equal volumes of solution A and solution B were mixed, identify the wavelength that

should be used to measure the absorbance of Solution B in this unreacted mixture?

Justify your answer.

………………………………………………………………………………………………   1 

(b) A chemist used the appropriate wavelengths for each solution and constructed two

calibration curves on the same set of axes, as shown below.

Question continued 

A 

Paid range 680-720 nm - units not marked
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CANDIDATE NUMBER 

Question continued Marks 

The chemist found that, when it was measured at the appropriate wavelength, 

Solution B had an absorbance of 0.400. If Solution B contained an organic 

substance with molecular formula C23H27N3O15S (molar mass 617.53 g mol−1), 

determine its concentration in mol L−1.  

2 

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

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

(c) A sample of contaminated water containing the same compound as found in

solution A was analysed and found to have an absorbance of 0.80. Can the

calibration curve above be used validly to analyse the sample of contaminated

water for its concentration of the compound found in solution A? Justify your

answer.

 ............................................................................................................................. 2 

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

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

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

1mark - Reading off graph - range 43-47

 1mark -  Converting (say) 45  ......................................................................................................  ....................mg / L to mol L-1 to get   

1 mark - not valid 

1 mark - reason e.g. cannot extrapolate; new standards should be
                                  made to cover the range  

approx 7.3 x 10-5 

Paid 1 mark if said yes, due to Beer Lambert's
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CANDIDATE NUMBER  
 
Question 37 (7 marks) 

  
A sample of an unknown organic compound was analysed using mass spectrometry, IR 

spectroscopy and proton and carbon-13 NMR. The resulting spectra are shown below. 

Mass Spectrum                                                         IR Spectrum 
 

      
 

13C NMR spectrum     1H NMR spectrum 
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Question 32 

Deduce and draw the structural formula of the unknown compound, justifying your 

answer with reference to the spectra.

Marks Criteria 

7 • Draws pentan-2-one

• Clear and logical justification with reference to all four spectra

• Eliminates alternatives e.g. matches M+ 87 to carbon-13

6 • As for 7 marks less 1 point

4-5 • Correctly relates most spectral data to structure drawn, even if incorrect
structure has been given

3 • Identifies information from all four spectra

1-2 • Identifies some relevant information from any spectra.

Marked holistically 

Too many boys just identified a list of features and did not relate them to the structure, 
nor justified how these features helped establish their structure. 

Note it was possible to guess correct structure and still not answer the question, so less 
than 7 was given. 
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CANDIDATE NUMBER -

Question 37 CJ marks) 

A sample of an unknown organic compound was analysed using mass spectrometry, IR 

spectroscopy and proton and carbon-13 NMR. The resulting spectra are shown below. 
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Question continued.

CANDIDATE NUMBER 
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