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Section A 

Answer all the questions in this section in the spaces provided. 

 

1(a)  The hydrogen carbonate ion, HCO3
‒, has both acidic and basic properties. 

State the conjugate acid and conjugate base of HCO3
‒. 

   

Conjugate acid:  .............................................................................................................  

Conjugate base:  ........................................................................................................ [1] 

 

(b) In the human body, it is important for blood to be maintained at a pH between 7.35 and 

7.45. The main buffering agent in blood plasma is the H2CO3(aq) / HCO3
–(aq) system. 

During a vigorous physical workout, the muscles will produce an acid which will be 

transported by the blood to the liver to be broken down.  

 

(i) Define the term buffer solution.  

 

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

 .......................................................................................................................... [1] 

 

(ii) Briefly explain the effect physical workout will have on the pH of blood if there is no 

buffer present. 

 

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

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

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

 .......................................................................................................................... [2] 

 

(iii) Write an equation to explain how the H2CO3(aq) / HCO3
–(aq) buffer system helps 

to maintain the pH of blood during a physical workout. 

  

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

 .......................................................................................................................... [1] 

[Total: 5] 
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2 A student used the apparatus shown in Fig. 2.1 to find the enthalpy change of 

combustion of butan-1-ol, Hc(butan-1-ol). 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1 

 

temperature of water before heating = 25.0 °C 

temperature of water after heating = 83.7 °C 

mass of spirit burner and butan-1-ol before heating = 80.44 g 

mass of spirit burner and butan-1-ol after heating = 79.70 g 

  

The specific heat capacity of water is 4.18 J g‒1 K‒1.  

 

CH3CH2CH2CH2OH(l) + 6O2(g) → 4CO2(g) + 5H2O(l)  Hc(butan-1-ol). 

 

 (a) From the data provided above, calculate the number of moles of butan-1-ol that 

reacted and hence determine the enthalpy change of combustion of butan-1-ol.                                                                                                                   

 

 

 

 

 

 

 

[3] 

 

 

 

beaker 

100 cm3 of water 

spirit burner 

butan-1-ol 

wick 

thermometer 

clamp 
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(b) CH3CH2CH2CH2OH(l) + 6O2(g) → 4CO2(g) + 5H2O(l)   Hc(butan-1-ol). 

 

 Complete the table 2.1 below by using the bond energies given in the Data Booklet 

to calculate another value for the standard enthalpy change of combustion of  

butan-1-ol. 

Table 2.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[2] 

(c) Suggest a reason for the discrepancy between the two values calculated in (a) and 

(b). 

 
 

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

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

 ......................................................................................................................... [1] 

[Total: 6] 

 
 

 

 

Bonds broken:   Bonds formed:  

3 C-C 3 x 350  8 C=O 8 x 805 

9 C-H 9 x 410  10 O-H 10 (460) 

1 C-O 1 x 360    

1 O-H 1 x 460    

6 O=O 6 x 496    
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3(a) Propanone reacts with iodine in an aqueous solution of sulfuric acid as shown below. 

 

CH3COCH3(aq) + I2(aq) → CH3COCH2I(aq) + H+ + I‒(aq) 

The rate of this reaction was investigated by withdrawing samples from the reaction 

mixture, 'quenching' by adding the sample to a large volume of ice-cold water, then 

measuring the amount of iodine in the sample. 

 

(i) Why is it necessary to quench the sample before measuring the amount of iodine? 

 

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

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

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

 ......................................................................................................................... [1] 

Separate experiments were carried out to determine the initial rates of reaction and the 

results obtained are given in the table below. 

 

The rate equation for the reaction is 

Rate = k[CH3COCH3][H2SO4]n 

(ii) The volumes of each reagent is proportional to its concentration. Complete the 

table below with appropriate values. 

Expt Volume of 

CH3COCH3 

/ cm3 

Volume of 

H2SO4 

/ cm3 

Volume of I2 

/ cm3 

Volume of 

H2O 

/ cm3 

Relative 

initial 

reaction rate  

1 40 20 20 70 4 

2 20 20 20  2 

3 40 20 10   

4 40 40 20 50 8 

[1] 

(iii) Determine the order of reaction, n, with respect to H2SO4. Use data in the table 

to support your answers. 

 

 

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

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

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

 .......................................................................................................................... [2] 
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(b) The rate of hydration of ethanal was studied by dissolving ethanal in  

625 cm3 of water.  

 

The concentration of ethanal is measured every 2 minutes. The results of the experiment 

are shown below. 

 

time /min [ethanal] /mol dm-3 

0 0.80 

2 0.56 

4 0.42 

6 0.31 

8 0.23 

10 0.16 

12 0.12 

14 0.09 

16 0.08 

 
(i) Using the information given in the question, calculate the mass of ethanal used in 

this reaction. (Mr of ethanal = 44.0) 

 

 

 
 
 
 
 

[1] 
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 (ii) On the grid provided below, plot a graph of the results.   [3] 
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(iii)  Use your graph to show that the reaction is first order with respect to ethanal. 

Justify your answer by showing appropriate construction lines on your graph.  

 

…………………………………………………………………………………………… 

…………………………………………………………………………………………[2] 

(iv) Write the rate equation for the reaction. 

 

…………………………………………………………………………………………[1] 

 

(v)  The rate of reaction was measured to be 0.18 mol dm-3 min-1 at t = 0 min. Determine 

the rate constant for the reaction and state its units.  

 

 

 

 

 

[1] 

 

(c) Explain how the rate of the reaction will be affected when the experiment is conducted 

at a lower temperature. Illustrate your answer with the aid of an energy distribution 

diagram.  

 

 

 

 

 

   

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

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

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

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

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

 ................................................................................................................................... [3] 

[Total: 15] 
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4 This question explores four of the many hundreds of compounds present in a cup of 

coffee. The first and most well-known compound is caffeine.  

 The structure of caffeine is shown below: 

 

 

(a) State the functional group that is circled in the molecule of caffeine. 

 

 

 ................................................................................................................................... [1] 

 

(b) (i) In the above structure, circle the alkene functional group.  [1] 

 

(ii) Describe, in terms of orbital overlap, the bonding of the two carbon atoms of the 

C=C bond in caffeine. A clearly labelled diagram may clarify your answer. 

 

 

 

 

 

 

 

 

 

 

 

 

[3] 
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(c) The second compound in coffee is damascenone and it has the following structure 

shown below. 

 

Draw the products formed when damascone is reacted with the following reagents and 

conditions: 

 

(i) H2 with nickel catalyst in the presence of heat 

 

 

 

 

 

 

 

 

[2] 

(ii) NaBH4 in methanol 

 

 

 

 

 

 

 

 

[1] 

(d) The third compound in coffee is the aldehyde shown below.   

 

 

 

 

 

(i) Give the IUPAC name of the aldehyde.  

 

 

 .......................................................................................................................... [1] 
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(ii)  Draw the product formed when the aldehyde is reacted with hot acidified potassium 

manganate (VII), KMnO4. 

 

 

 

 

 

 

[1] 

 

 

(e) The fourth compound, 2,3-pentanedione is present in coffee.  

 

 

 

 

 

 

 

2,3-pentanedione can be reacted in the following sequence: 

 

 

 

 

 

 

 

(i) State the type of reaction that occurred in step 1.  

 

 .......................................................................................................................... [1] 

 

(ii) State the reagents and conditions required in step 2.  

 

 .......................................................................................................................... [1] 

 

 

(iii) Compound A can be used to form polymers. Define the term polymer. 

 

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

 ....................................................................................................................... [1] 
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(iv) State the type of polymerisation that compound A can undergo. 

 

 .......................................................................................................................... [1] 

 

(v) Draw a repeat unit of a polymer that compound A can form. 

 

 

 

 

 

 

 

 

 

 

 

 

[1] 

 

(vi) Explain why the monomer drawn in part (v) can potentially form thermoset 

polymers.  

 

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

 .......................................................................................................................... [1] 

[Total: 16] 
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5(a) Explain the decreasing trend in volatility down Group 17. 

 

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

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

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

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

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

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

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

 ................................................................................................................................... [2] 

 

 (b) Explain the decreasing thermal stability of the hydrides of Group 17.  

 Include data from the Data Booklet in your answer. 

 

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

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

 ................................................................................................................................... [2] 

 

(c) Write an ionic equation for the reaction when chlorine gas is bubbled into a solution of 

potassium iodide. State the colour change observed in the solution of potassium iodide. 

 

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

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

 ................................................................................................................................... [2] 

[Total: 6] 
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6 Vitamin C, also known as ascorbic acid, has the following structure:  

 

 To determine the concentration of ascorbic acid in a typical Vitamin C tablet, an 

experiment known as iodometric titration is used.  Firstly, ascorbic acid is reacted with a 

known amount of iodine that is present in excess.  Ascorbic acid will reduce the brown 

iodine present to colourless iodide.  Secondly, unreacted excess iodine is then titrated 

against a standard solution of sodium thiosulfate.  Once the amount of sodium thiosulfate 

used is known, the amount of ascorbic acid present originally can then be determined.   

 

 To prepare a solution of ascorbic acid for the experiment, one 500 mg Vitamin C tablet 

is dissolved in sulfuric acid and diluted with deionised water up to 250 cm3 mark in a 

standard flask. 25.0 cm3 of this ascorbic acid solution is pipetted into a conical flask 

containing 3.00 × 10–4 mol of iodine solution (excess).  Lastly, the resulting solution in 

the conical flask is immediately titrated with a standard sodium thiosulfate solution using 

a suitable indicator. 

 

 Reaction 1:  

 Iodine will oxidise ascorbic acid, C6H8O6, to form dehydroascorbic acid: 

 

 

 

 

 

 Reaction 2:  

 The excess iodine will react with a standardised sodium thiosulfate solution.  

I2 + 2S2O3
2- → 2I- + S4O6

2-   

 It was found 12 cm3 of 0.005 mol dm-3 sodium thiosulfate is required to react with iodine. 
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(a) With reference to the molecular structure of ascorbic acid, explain why ascorbic acid 

dissolves in water.   

   

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

 ................................................................................................................................... [1] 

   
(b) Explain why Reaction 2 is a redox reaction. Include oxidation numbers in your answer. 

 

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

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

 ................................................................................................................................... [2] 

 

(c) (i) Calculate the amount of iodine that reacted with sodium thiosulfate.    

 

 

 

 

[2] 

(ii) Calculate the amount of iodine that reacted with 25 cm3 of ascorbic acid solution.  

    

 

 

[1] 

(iii) Calculate the amount of ascorbic acid in the 250 cm3 standard solution.    

 

    

 

 

[1] 
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(iv) Determine the mass percentage of ascorbic acid in a 500 mg Vitamin C tablet  

(Mr of ascorbic acid is 176).   

    

 

 

 

 

    [1] 

 (d) Suggest a reason why the resulting solution is immediately titrated and not allowed to 

stand for too long before titration.  

 

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

 ................................................................................................................................ [1] 

 

(e) Patients who have undergone surgery have been given vitamin C to promote wound 

healing. Concurrently, external medications with silver ions can also be applied to help 

prevent inflammation in their post-surgical wounds. Scientists studied the influence of 

silver nanoparticles on post-surgical wound healing and found that silver nanoparticles 

exhibited a much more positive effect on wound healing compared to conventional silver 

preparations.  

 

 (i) A silver cation, Ag+, has an ionic radius of 1.29 x 10-10 m. Assume that the ions 

are placed side by side to form the diameter of the smallest spherical silver 

nanoparticle, calculate the minimum number of Ag+ ions needed to form the 

nanoparticle. 

 

 

   

 

 

 

 
 
 
 
 

 [1] 
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 (ii) With reference to the surface to volume ratio, suggest why silver nanoparticles 

exhibit a much more positive effect on wound healing compared to conventional 

silver preparations.  

 

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

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

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

 ......................................................................................................................... [2] 

    [Total:12] 
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Section B 

Answer one question in the spaces provided. 

 

7  Dinitrogen tetroxide, N2O4 is a brownish yellow liquid which vaporises easily to form a 

pale yellow gas. It is one of the most important rocket propellants ever developed. N2O4 

forms an equilibrium mixture with nitrogen dioxide, NO2, a brown gas, according to the 

following equation.  

 

N2O4(g)  ⇌  2NO2(g)                    Equilibrium I 

 

(a) (i) Draw a dot-and-cross diagram to show the bonding in a molecule of NO2. The 

molecule contains a dative covalent bond. The central atom is nitrogen which has 

a single non-bonded valence electron. Distinguish carefully between electrons 

originating from the central atom and those from the two outermost atoms. 

 

 

 

 

 

  

[1] 

 

 

(ii) State the shape of the NO2 molecule. 

 

 ....................................................................................................................... [1] 

 

(b) Calculate a value for the enthalpy change for the forward reaction in Equilibrium I.             

Relevant enthalpy changes are given in table 7.1 below.  

 

Table 7.1 

Thermochemical Equation Enthalpy change / kJ mol‒1 

½ N2(g) + O2(g) → NO2(g) +33.85 

N2(g) + 2 O2(g) → N2O4(g) +9.66 

  

 

 

 

 

 

 

[2] 
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(c) In an experiment, 0.5 mol of N2O4 was allowed to reach equilibrium in a reaction vessel 

at 50 oC at a pressure of 1 atm. When equilibrium was established, it was found that 

there were 0.35 mol of N2O4. 

(i) Calculate the number of moles of NO2 at equilibrium, showing your working clearly.   

 

 

 

 

 

 

 

 

 

[2] 

(ii) Given that the reaction was carried out in a vessel that was 2 dm3, determine the 

equilibrium concentrations of N2O4 and NO2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[1] 
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N2O4(g)  ⇌  2NO2(g)                    Equilibrium I 

 

 (iii) Write the Kc expression for Equilibrium I.  

 

 

 

 

 

[1] 

 

   (iv) Using the expression in (iii) and your answers in (ii) determine the value of Kc for this 

reaction at 50 oC. Show your working clearly.   

 

 

 

 

 

 

 

 

 

 

[1] 

 

   (v) The initial experiment in (c) was repeated at a higher pressure of 2 atm and 50 oC.  

I Using Le Chatelier’s Principle, predict the effect, if any, on the equilibrium 

constant and equilibrium composition of Equilibrium I; and 

II State any observations made in terms of colour changes.                                                                                                                                                         

 

  

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

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

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

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

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

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

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

 ................................................................................................................................ [4] 
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(d)  NO2 reacts with oxygen and water to produce nitric acid, HNO3, according to the 

following equation: 

2NO2(g) + ½O2(g) + H2O(l) → 2HNO3(aq) 

 

   (i) Nitric acid is a strong acid. Define the term strong acid.  

 

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

 ................................................................................................................................ [1] 

 

   (ii) Calculate the pH value of a 0.0250 mol dm‒3 solution of dilute nitric acid.  

 

  

 

 

 

 

[2] 

 

   (iii) A student suggests that “a 0.0250 mol dm-3 solution of both dilute sulfuric (VI) acid, 

H2SO4, and nitric acid, HNO3, will give the same pH value, because both are strong 

acids”.  

Justify, with relevant calculations of pH, if the student is correct to make that statement.                            

                                            

 

  

 

 

 

 

 

 

[2] 

 

(iv) State and explain which indicator would be suitable for the neutralisation of nitric acid 

and aqueous ammonia.  

 

 

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

 ................................................................................................................................ [2] 

[Total: 20] 
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8(a) (i) Phosphorus compounds are commonly used in commercial products. One 

example is calcium phosphide, Ca3P2, which is used in fireworks.  

  With reference to structure and bonding, explain the difference in melting point 

between Ca3P2 and elemental phosphorus, P.  

 

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

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

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

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

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

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

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

 .......................................................................................................................... [3] 

 

 (ii) When beams of Ca2+ and P3‒ are travelling at the same speed, through an electric 

field of constant strength, the angle of deflection is proportional to their 

charge/mass ratio. 

 

Given that Ca2+ deflects at an angle of +xo (where the positive sign indicates the 

direction of deflection), calculate the angle at which P3‒ deflects.  

Your answer must be in terms of x and have the appropriate sign to indicate the 

direction of deflection.    

  

 

 

 

 

 

 

 

[1] 
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(b) (i) When gaseous PCl5 is heated in a closed container, the following equilibrium is 

established. 

PCl5(g) ⇌ PCl3(g) + Cl2(g)     
 

Sketch, on the same axis below, two graphs that show how the rate of forward 

and reverse reactions vary over time. Label your graphs clearly and indicate t, the 

time when equilibrium was established.  

 
 
 
 
 
 
 
 
 
 

[1] 
 

(ii) Describe the reaction of PCl5 with water.  

 Include a balanced equation in your answer. 

 

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

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

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

 .......................................................................................................................... [2] 

(iii) PCl5 dissolves in some polar solvents without reacting with them. Such solutions 

conduct electricity. This is due to the presence of the two ions [PCl4]+ and [PCl6]‒. 

Draw the structures and suggest the shapes of each of these ions. 

  

Structure of [PCl4]+ 

 

 

 

 

 

 

 

 

Structure of [PCl6]‒  

 

 

Shape of ion: 

 

 

Shape of ion: 

[4] 

time 

ra
te
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(c) The first ionisation energies for the elements sodium to potassium are shown in the graph 

below:

 
(i) Write an equation to represent the first ionisation energy of phosphorus. 

 

 

 .......................................................................................................................... [1] 

 

(ii) Explain why the first ionisation energy of phosphorus is higher than that of  

• silicon 

 

 

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

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

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

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

 .......................................................................................................................... [2] 

 

• sulfur. (Give suitable electronic configurations to support your answer.) 

 

 

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

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

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

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

 .......................................................................................................................... [2] 
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(d) (i) Calculate the pH of 1.50 x 10‒3 mol dm‒3 phosphoric acid, H3PO4 (aq). Assume 

phosphoric acid behaves as a strong tribasic (triprotic) acid. 

 

 

 

 

 

 

 

 

 

 

 

[2] 

 

In reality, phosphoric acid is a weak tribasic acid. It dissociates into PO4
3- in the three 

steps shown below.  

 

 Step 1: H3PO4 (aq)  ⇌  H2PO4
‒ + H+  Ka1 = 7.25 × 10‒3    mol dm‒3 

 Step 2: H2PO4
‒ (aq)  ⇌  HPO4

2‒ + H+  Ka2 = 6.31 × 10‒8   mol dm‒3 

 Step 3: HPO4
2‒ (aq)  ⇌  PO4

3‒ + H+  Ka3 = 4.80 × 10‒13 mol dm‒3 

(ii) Write an expression for the first acid dissociation constant of phosphoric acid, Ka1. 

 

 

 

 

[1] 

(iii) From the information given above in the three steps, state the weakest acid.  

 

 .......................................................................................................................... [1] 

 

   

[Total: 20] 
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BLANK 

 

   

 


