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Which of the following statements about collision theory is ALWAYS true? 

 An increase in temperature will increase the chance of collision and 

therefore result in more products being formed. 

 Increasing the rate of collisions increases reaction rate. 

 A catalyst will increase the rate of collisions between reactant particles. 

 The greater the energy of collision, the less likely a reaction will occur. 

 

2 Consider the equilibrium system below: 

wW + xX  ⇌ yY + zZ 

 

At equilibrium, which of the following statements is true? 

 

 w + x = y + z 

 [ W ] + [ X ] = [ Y ] + [ Z ] 

 the forward rate of reaction = the reverse rate of reaction 

 the forward activation energy = the reverse activation energy 

 

3 The immediate effect of increasing the temperature of an equilibrium system will 

be: 

 an increase in the rate of the endothermic reaction and a decrease in the 

rate of the exothermic reaction. 

 an increase in the rate of both the endothermic and exothermic reactions. 

 an increase in the activation energy of both the endothermic and 

exothermic reactions. 

 an increase in the activation energy of the endothermic reaction and a 

decrease the activation energy of the exothermic reaction. 
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4 Which of the following will change the value of the equilibrium constant (Keq) 

for a gaseous reaction? 

 Addition of heat.  

 Addition of a catalyst. 

 Addition of a reactant. 

 Addition of an inert gas at a constant volume. 

 

5 What is the correct equilibrium expression for the reaction shown below? 

N2 (g)  +  3H2 (g)  ⇌   2NH3 (g)  +  92 kJmol-1 

 

 𝐾𝑒𝑞 =
[𝑁𝐻3]

2[92]

[𝑁2][𝐻2]
3  

 𝐾𝑒𝑞 =
[2𝑁𝐻3][92]

[𝑁2][3𝐻2]
 

 𝐾𝑒𝑞 =
[2𝑁𝐻3]

[𝑁2][3𝐻2]
 

 𝐾𝑒𝑞 =
[𝑁𝐻3]

2

[𝑁2][𝐻2]
3 

 

6 A saturated solution of AgCl is maintained at a constant temperature.  Solid 

soluble NaCl is added to this solution. What happens to the Ag+ and Cl– ion 

concentrations in the resultant solution compared to the initial solution? 

 Ag+ concentration increases and Cl– concentration remains the same 

 Ag+ concentration increases and Cl– concentration increases 

 Ag+ concentration decreases and Cl– concentration increases 

 Ag+ concentration decreases and Cl– concentration remains the same 
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7 If HCl and H2O react with each other in an acid-base reaction to form their 

Bronsted-Lowry conjugates, the products would be: 

 HCl and H3O
+ 

 Cl– and OH– 

 H2, Cl2 and OH– 

 Cl– and H3O
+ 

 

8 The graph below shows four indicators and their colours at different pH values. 

Which indicator would be most appropriate for a titration between dilute KOH 

and dilute propanoic acid? 

 

 bromophenyl blue 

 bromocresol purple 

 thymol blue 

 alizarin yellow R 
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9 As a solution of NaOH is gradually added to a solution of HCl at a constant 

temperature, the product of [H3O
+][OH–] 

 increases 

 decreases 

 remains constant 

 fluctuates depending on the rate that the NaOH is added 

 

10 If a solution (at 298 K) has a hydroxide concentration of 1 × 10–9 M, then this 

solution will be: 

 basic with a pH of 9. 

 basic with a pH of 5. 

 acidic with a pH of 9. 

 acidic with a pH of 5. 

 

11 Which of the following combinations will form a buffer solution? 

 NaOH (aq) / Na+ (aq) 

 H2PO4
– (aq) / HPO4

2– (aq) 

 HNO3 (aq) / NO3
– (aq) 

 H2O (l) / H3O
+ (aq) 
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12 Which of the following conductivity curves correctly depicts the titration of 

hydrochloric acid against potassium hydroxide? 

(A)

 

(B)

 
(C)

 

(D)

 

 

13 Which of the following correctly identifies the molecular geometry of the central 

carbon atom? 

 Compound Geometry  

(A) propyne  bent 

(B) propane trigonal pyramidal 

(C) methanal trigonal planar 

(D) methanol linear 
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14 What is the IUPAC name for the following organic compound?  

 

 
 

 

 2-chloro-3,4-dimethylhexane 

 5-chloro-3,4-dimethylhexane 

 2-chloro-4-ethyl-3-methylpentane 

 4-chloro-2-ethyl-3-methylpentane 

 

15 Concentrated sulfuric acid can be used as a catalyst for which of the following 

reactions? 

 hydration of alkenes 

 combustion of alkanes 

 substitution of alcohols 

 dehydration of alcohols 

 

16 What is the minimum mass of glucose required to produce 10.0 g of ethanol by 

fermentation? 

 19.6 g 

 23.5 g 

 29.3 g 

 39.1 g 
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17 The substance shown below is an example of: 

 a soap. 

 an ester. 

 a cationic detergent. 

 a long chain fatty acid. 

 

 

18 Which of the following tests is the best choice to identify the presence of an 

alkene? 

 Lucas test 

 silver mirror test 

 bromine water test 

 ceric ammonium nitrate test  

 

 

19 How many hydrogen environments are there in propan-2-ol? 

 2 

 3 

 4 

 5 
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20 The mass spectrum of an unknown compound was produced and is shown 

below. 

 

 
 

Which of the following could be the unknown compound? 

 

(A) 2-chlorobutane 

(B) 1-bromobutane 

(C) 1-bromobut-1-ene 

(D) 1,1-dichloropent-1-ene 
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Question 21 (2 marks) Marks 

Write balanced chemical equations for the following reactions. 

 Dilute sulfuric acid reacts with solid sodium carbonate. 

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

 Magnesium is added to dilute hydrochloric acid. 

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

 

 

 

Question 22 (2 marks)  

 

From the following list of chemicals, H2CO3 (aq), HBr (aq), LiOH (aq), NaNO3 (aq), complete 

the table below, using each of the four chemicals once only. 

 

 

Chemical Acid/Base Properties 

 a base 

 a strong acid 

 no acid-base properties 

 a weak acid 

 

  2 
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Question 23 (3 marks)  

 

Explain the amphiprotic nature of sodium hydrogencarbonate.  Include balanced chemical 

equations in your answer. 

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

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

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

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

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

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

 

 

 

 

Question 24 (3 marks) 

 

If 100.0 mL of 0.065 M NaOH is mixed with 400.0 mL of 0.08 M CaCl2 at 25 °C, will a 

precipitate of Ca(OH)2 be produced?  Support your answer with relevant calculations. 

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

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

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

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

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

.........................................................................................................................................  
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Question 25 (3 marks) Marks  

 

Describe what is meant by the terms open and closed chemical systems and explain why it is 

much harder to achieve an equilibrium in an open system than in a closed system. 

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

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

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

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

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

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

 

 

  



Sydney Grammar School  Form VI Chemistry 2019 Trial Examination 

 

 Page 14  

 

Question 26 (5 marks) Marks 

150.0 g of water was heated in a calorimeter (as shown below) to measure the heat of combustion 

of heptan-1-ol.  The initial temperature of the water was 20.0 °C, the final temperature was  

63.0 °C and the mass of heptan-1-ol burnt was 0.750 g. Using this information answer the 

following questions. 

 

 Write a balanced chemical equation for the complete combustion of  

heptan-1-ol. 

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

 

 Calculate the enthalpy of combustion measured for heptan-1-ol. 

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

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

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

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

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

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

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

 

Burner containing     

heptan-1-ol 

Can containing  

150.0 g water 
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Question 27 (11 marks) Marks 

At high temperatures, sulfur dioxide gas reacts with oxygen gas to produce sulfur trioxide gas in 

an equilibrium reaction.   

 Write a balanced chemical equation for this process. 

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

 Using collision theory and reaction rates, explain how this system at equilibrium would 

respond to a decrease in volume.   

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

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

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

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

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

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

 Sulfur dioxide and oxygen were placed in a 2.00 L vessel at 1200 K.  After equilibrium was 

established, the vessel was found to contain 2.00 moles of sulfur dioxide, 0.400 moles of 

oxygen and 2.80 moles of sulfur trioxide.   

Calculate Keq for this reaction at 1200 K. 

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

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

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

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

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

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

 

Question 27 continued on next page.  
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Question 27 continued. 

 The system in (c) was then heated to 1500 K, and once equilibrium was re-established the 

concentration of sulfur dioxide was found to be 1.20 M. 

i. Is the forward reaction exothermic or endothermic? 

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

ii. Calculate Keq for this reaction at 1500 K.   

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

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

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

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

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

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

 

Explain the trends in boiling point shown in the graph below for alkanes and alcohols 

(alkanols). 

 

 

 

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

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

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

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

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

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

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

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

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

 ......................................................................................................................................... 
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Question 29 (4 marks) Marks  

 

Calculate the final pH (at 298 K) after 40.00 mL of 0.0250 M barium hydroxide is added to 

50.00 mL of 0.0100 M hydrochloric acid. 

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

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

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

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

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

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

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

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

 

 

Question 30 (3 marks)  

 

The Ka of hydrocyanic acid (HCN) at 298 K is 6.17 × 10–10. Calculate the pH of a 0.200 M 

solution of hydrocyanic acid at this temperature. 

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

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

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

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

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

.........................................................................................................................................  
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Question 31 (7 marks) 

 

Consider the following thermodynamic data for the dissolution of potassium chloride in water 

at 25 °C. 

 

∆rHʅ (kJ mol−1)  ∆rSʅ (J K–1 mol−1)  

16.3 76.3  

 

With reference to this data and the resultant ∆rGʅ, describe and analyse the processes involved 

when potassium chloride dissolves in water at 25 °C.  Include a diagram in your answer. 

.........................................................................................................................................  7 

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

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

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

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

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

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

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

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

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

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

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

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

.........................................................................................................................................  
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Question 32 (6 marks) 

A 1.746 g sample of fertiliser contains nitrogen as ammonium sulfate. The sample was analysed 

to determine the nitrogen composition. First, it reacted with excess sodium hydroxide as per the 

reaction below, 

(NH4)2SO4 (s) + 2NaOH (aq) → Na2SO4 (aq) + 2H2O (l) + 2NH3 (g) 

 

The ammonia gas produced from this reaction reacted with 50.0 mL of 2.00 M hydrochloric 

acid by bubbling it through the acid. The excess hydrochloric acid was titrated with 2.00 M 

sodium hydroxide solution. The results from this titration are below; 

 

 Titre 1 (mL) Titre 2 (mL) Titre 3 (mL) Titre 4 (mL) 

Sodium hydroxide 37.9 36.9 37.0 36.8 

 Write the equation for the reaction between hydrochloric acid and ammonia. 

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

 Calculate the moles of sodium hydroxide used in the titration. 

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

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

 Calculate the percentage of nitrogen by mass in the original fertiliser sample. 

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

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

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

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

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

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

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

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

 ............................................................................................................................... 
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Question 33 (2 marks) Marks 

Complete the following chemical reactions using structural formulae of all organic reactant/s 

and/or organic product/s. 

  

     

  1 

 

 

  

 

 

   1 
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Question 34 (6 marks) Marks 

 

A chemist needed to prepare ethyl ethanoate in the laboratory.  They had access to all of the 

reagents and equipment that you have studied in this course, as well as a supply of 

chloroethane. 

In the space below, show how the chemist could prepare ethyl ethanoate from chloroethane 

as the ONLY organic reagent.  Write equations using structural formulae showing the 

reactant/s, product/s and all necessary reagents.    

 ............................................................................................................................... 6 
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Question 35 (6 marks) Marks 

 

The use of materials such as polymers are determined by the relationship between their 

structure and their properties. 

 

Discuss this statement by comparing TWO polymers that you have studied.  Include relevant 

diagrams in your answer. 

 

 ......................................................................................................................................... 6 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ......................................................................................................................................... 
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Question 36 (8 marks) Marks 

A chemist bubbled gaseous propene through a dilute acidic solution and found that two organic 

products (A and B) were formed as shown below.   

 

A and B were separated, and then a further reaction was performed on A.  A was added to a 

solution of acidified potassium dichromate, producing a single organic product (C) as shown 

below. 

 

The chemist performed 1H and 13C NMR on compound C, and produced the two spectra shown 

over the page.   

 

 

 

 

 

 

 

 

Question 36 continued on next page.  
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Question 36 continued. 
1H NMR 

 

13C NMR 

 

Question 36 continued on next page. 
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Question 36 continued. 

(a) Use this information to draw the structural formulae of A, B and C, and give the 

IUPAC name of each compound.   

A: 

 

 

 

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

 

 

B: 

 

 

 

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

 

 

 

C: 

 

 

 

 

  ................................................. 6 

 

 

 

 

Question 36 continued on next page.  
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Question 36 continued. 

 

 

(b)  Identify a test that could be used to directly distinguish between A and B, and state the 

expected results of this test.   

 

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

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

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

 ............................................................................................................................... 
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Question 37 (5 marks) Marks 

 

The following four spectra (MS, IR, 1H NMR and 13C NMR) were collected for a single organic 

compound.   

 

MS 

 

 
 

IR 

 

 

 

 

Question 37 continued on next page.  
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Question 37 continued. 

1H NMR 

 
 
13C NMR 

 
 

Question 37 continued on next page.  
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Question 37 continued. 

 

 

(a) Identify the functional group that produces the 3400 cm–1 peak seen in the IR spectrum. 

 

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

 

 

(b) What is the mass of the molecular ion? 

 

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

 

 

(c) How many carbon environments are there in this compound? 

 

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

 

 

(d) Draw the structural formula of this compound. 

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

END OF EXAMINATION 
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