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Answer all the questions in the spaces provided. 
 
1 Determination of an enthalpy change of neutralisation, ∆Hneut, by thermometric titration 

  

FA 1 is 1.80 mol dm−3 sulfuric acid, H2SO4. 

FA 2 is aqueous sodium hydroxide, NaOH. 

 

The enthalpy change of neutralisation between an acid and an alkali can be determined using 

thermometric titration. This involves using a fixed volume of alkali with progressive addition of small 

volumes of acid and monitoring the temperature of the resulting solution.  

 

In this experiment, you are to determine the enthalpy change of neutralisation for the reaction as shown 

in equation 1 using thermometric titration. 

 

equation 1  
1

2
H2SO4(aq)  +  NaOH(aq)  →  

1

2
Na2SO4(aq)  +  H2O(l) 

  

 (a) Prepare a table in the space provided on page 4 and record, to the appropriate level of precision: 

• all volumes of FA 1 added, V 

• the maximum temperature, T, reached after each addition of acid, FA 1. 

 

It is important that the volume of FA 1 recorded is the total volume you have added up to the point 

when the temperature reading was made. 

 

Note: If you overshoot on an addition, record the actual total volume of FA 1 added up to that point. 

 

  Procedure 

   

  1. Place one polystyrene cup inside a second polystyrene cup and place both cups in a  

250 cm3 beaker.  

    

  2. Use a pipette to transfer 25.0 cm3 of FA 2 into the first polystyrene cup. 

    

  3. Fill a burette with FA 1. 

    

  4. Stir the FA 2 in the cup gently with the thermometer. Read and record its temperature. 

    

  5. Use the burette to add 5.00 cm3 of FA 1 into the cup. Stir the mixture gently with the 

thermometer. Read and record both the maximum temperature and the actual total volume of 

FA 1 added.   

    

  6. Repeat step 5 until a total of 45.00 cm3 of FA 1 has been added. For each addition of FA 1,  

read and record both the maximum temperature and the actual total volume of FA 1 added up  

to that point. 
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Question 1 continues on the next page. 
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  Results 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  [3] 

   

 

 

 

 

 

 

 

 

 

  



5 
 

 

©YIJC  9476/04/JC2/PE/2026   [Turn over 

 (b) Plot a graph of temperature, T, on the y-axis, against total volume of FA 1, V, on the x-axis on  

the grid in Figure 1.1. Your scale on the y-axis should allow for extrapolation above the highest 

temperature recorded. 

 

Draw two lines of best-fit, taking into account the points when the temperature of the mixture  

was rising and the points when the temperature was falling. Each line should have a shape best 

suited to its plotted points.  

 

Extrapolate (extend) both lines until they intersect. 

 

 
 

 

Figure 1.1 

  [3] 
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 (c) From your graph, read the initial temperature of FA 2, Tinitial, and the maximum temperature of the 

mixture, Tmax. 

 

Use these values to calculate the temperature change in the reaction, ∆T. 

 

Read the volume of FA 1 added, Vneut, at the maximum temperature of the mixture. 

 

Record all these values below. 

 

 

Tinitial =  

Tmax =  

∆T    =  

Vneut =  

[2]              

    

    

 (d) (i) Calculate the heat change, q, when FA 1 has completely neutralised 25.0 cm3 of  

sodium hydroxide, using the values you calculated in (c). 

 

You should assume that the specific heat capacity of the solution is 4.18 J g−1 K−1, and that  

the density of the solution is 1.00 g cm−3. 

    

 

 

 

 

 

 

 

q =  [2] 
 

    

  (ii) Determine the enthalpy change of neutralisation, ∆Hneut, for the reaction. 

 

Include the sign of ∆Hneut in your answer. 

    

 

 

 

 

 

 

 

 

 

∆Hneut =  [2] 
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 (e) Explain why the temperature, T, first increases and then decreases as the total volume of FA 1 

added, V, increases. 

   

   

   

   
[2] 

   

   

 (f) A student carried out the experiment and obtained a value of –60.0 kJ mol−1 for ∆Hneut.  

 

The published value for this enthalpy change is –57.0 kJ mol−1. 

 

  (i) Express the difference between these two values as a percentage of the published value.  

    

    

    

    
[1] 

    

  (ii) Explain whether the omission of heat loss to surroundings could have been the reason for 

the discrepancy between the value obtained by the student and the one published. 

    

    

    

    
[1] 

    

  [Total:16] 
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2 Determination of the kinetics of redox reactions 

  

 Iron(III) ions can be involved in redox reactions.  

 

In this question, you will study the kinetics of the redox reaction between iron(III) ions and  

iodide ions, as shown in equation 2.  

 

equation 2   2Fe3+(aq)  +  2I−(aq)  →  2Fe2+(aq)  +  I2(aq) 

 

When starch is added to the reaction mixture, a blue colour is seen immediately due to the formation of 

an iodine–starch complex. 

 

If a small amount of sodium thiosulfate, Na2S2O3, is also present in the reaction mixture, the formation of 

the blue colour is delayed as the iodine, I2, produced reacts immediately with Na2S2O3, as shown in 

equation 3. 

 

equation 3   I2(aq)  +  2S2O3
2−(aq)  →  2I−(aq)  +  S4O6

2−(aq) 

 

When all the Na2S2O3 has reacted, the I2 which continues to be produced will turn the starch indicator 

blue.  

 

FA 3 is 0.0200 mol dm−3 aqueous iron(III) chloride, FeCl3. 

FA 4 is 0.0500 mol dm−3 aqueous potassium iodide, KI. 

FA 5 is 0.00500 mol dm−3 sodium thiosulfate, Na2S2O3. 

Solution S is starch solution. 

 

You will perform a series of three experiments. You will add a fixed amount of  

sodium thiosulfate, FA 5, to each of your experiments. You will add an amount of deionised water so that 

the total volume is 60 cm3. The time taken for the blue colour to form allows the reaction rate to be 

determined. 

 

 (a) Fill Table 2.1 with the volume of deionised water needed in each experiment. 

   

Table 2.1 

 

experiment 
FA 3             
/ cm3 

FA 4            
/ cm3 

FA 5             
/ cm3 

solution S  
/ cm3 

deionised 
water / cm3 

time, t  
/ s 

1 20.0 10.0 15.0 10.0   

2 10.0 10.0 15.0 10.0   

3 25.0 5.0 15.0 10.0   

 

  [4] 
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  Experiment 1 

 

The end-point of the reaction is the first appearance of a blue colour. 

 

Note: Insufficient stirring of the reaction mixture may lead to a blue colour appearing before the 

true end-point is reached. 

 

1. Use an appropriate measuring cylinder to transfer 10.0 cm3 of FA 4 into a 250 cm3 beaker. 

Place the beaker on a white tile. 

 

2. Using appropriate measuring cylinders, transfer to the beaker 

• 15 cm3 of FA 5,  

• 10 cm3 solution S, 

• appropriate volume of deionised water recorded in Table 2.1. 

 

3. Stir the contents of the beaker using a glass rod.  

 

4. Use the measuring cylinder labelled FA 3 to transfer 20.0 cm3 of FA 3 to the beaker. Start the 

stopwatch during this addition. 

 

5. Mix the contents in the beaker by thoroughly stirring. 

 

6. Stop the stopwatch when the solution first turns blue.  

 

7. Record the time taken, t, to the nearest 0.1 s in Table 2.1. 

 

8. Wash out the beaker and stand it upside down on a paper towel to drain.  

 

 

Experiments 2 and 3 

 

Repeat experiment 1 using the volumes of FA 3, FA 4, FA 5, solution S and deionised water 

given in Table 2.1.   

 

In each case, you will need to ensure that the same total volume of reaction mixture is used by 

adding deionised water as required.  

 

You should alternate the use of two 250 cm3 beakers. 

 

Record all values of t in Table 2.1. 
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 (b) (i) Calculate the initial concentrations, in mol dm−3, of S2O3
2− ions, Fe3+ ions and I− ions for 

experiment 1. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

initial [S2O3
2−] =  

initial [Fe3+] =  

initial [I−] =  
 

  [1] 

   

  (ii) The expression below shows the experimental rate of this reaction as the change in 

concentration of S2O3
2− ions per unit time. At the end-point of the reaction, [S2O3

2−] is zero. 

 

experimental rate = 
change in [S2O3

2−]

time, t
 

 

Complete Table 2.2 by calculating the experimental rates for each experiment. 

 

If you were unable to calculate a value for the initial [S2O3
2−] in (b)(i), you should assume it 

is 2.00 × 10−3 mol dm−3. Note that this is not the correct value. 

    

 
 Table 2.2 

 

experiment FA 3 / cm3 FA 4 / cm3 experimental rate / mol dm−3 s−1 

1 20.0 10.0  

2 10.0 10.0  

3 25.0 5.0  
 

 
   [1] 



11 
 

 

©YIJC  9476/04/JC2/PE/2026   [Turn over 

  The rate equation for the reaction shown in equation 2 is 

 

rate = k[Fe3+]a[I−]b 

    

  (iii) Deduce the order, a, with respect to [Fe3+]. Explain your deduction. 

    

   a =  [1] 
 

    

  (iv) Deduce the order, b, with respect to [I−]. Explain your deduction. 

    

   b =  [1] 
 

    

  (v) Write the expression for the rate equation. 

    
[1] 

    

  (vi) Hence, calculate the rate constant, k, and state its units. 

  

k =  [5] 
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 (c) State, and explain, how the value of t would be affected if 15.0 cm3 of a sodium thiosulfate solution 

of lower concentration was used in place of FA 5. 

   

   

   

   
[1] 
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Question 2 continues on the next page. 
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 (d) Iron(III) ions can also act as a catalyst in the decomposition of hydrogen peroxide, as shown in 

equation 4.  

 

equation 4   2H2O2(aq)  →  2H2O(l)  +  O2(g) 

 

You will plan an experiment to study the kinetics of this redox reaction by monitoring the volume 

of oxygen gas produced over time. 

 

The order of reaction with respect to hydrogen peroxide may be confirmed to be first order 

graphically by plotting Vfinal – Vt against time, where: 

• Vfinal is the final volume of oxygen gas measured when the decomposition is complete 

• Vt is the volume of oxygen gas collected at time = t. 

 

You may assume that you are provided with the following materials: 

• 0.100 mol dm−3 H2O2(aq) solution 

• FA 3 solution 

• 100 cm3 gas syringe 

• the equipment normally found in a school or college laboratory. 

    

  (i) Write a plan for a single experiment to obtain sufficient data for a graph of Vfinal – Vt against 

time to be plotted. You may draw a labelled diagram of the set-up that could be used to carry 

out this experiment. 

 

In your plan, you should include brief details of: 

• calculations to justify the volume of H2O2(aq) you will use, assuming that all gases 

are measured at room temperature with molar gas volume of 24 dm3 mol−1 

• the apparatus you would use 

• the quantities you would use 

• the procedure you would follow 

• the measurements you would make. 
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[5] 
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  (ii) Sketch the graph that you would expect to obtain on the axes in Figure 2.1. 

 

Explain how you would use your graph to show that the reaction is first order with respect to 

hydrogen peroxide. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 

    

    

    
[2] 

    

  (iii) The oxygen gas evolved can also be collected by displacement of water. 
 
State one advantage of collecting and measuring the gas in a gas syringe instead of over 

water.   

    

    
[1] 

    

    

    

    

    

    

    

    

    

    

    

    

time 

Vfinal – Vt 
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  (iv) With reference to the electrode potentials given in Table 2.3, suggest a two-step reaction 

sequence which describes the role of Fe3+(aq) in the decomposition of hydrogen peroxide. 

    

 Table 2.3 

 

electrode reaction E
o
 / V 

Fe3+ + 3e− ⇌ Fe –0.04 

Fe3+ + e− ⇌ Fe2+ +0.77 

H2O2 + 2H+ + 2e− ⇌ 2H2O +1.77 

O2 + 2H+ + 2e− ⇌ H2O2
 +0.68 

 

    

    

    

    
[2] 

    

   [Total: 25] 
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3 Identification of two cations and two anions 

  

 FA 6 and FA 7 each contain one cation and one anion. The ions in the two compounds are different.   

  

The volumes given in Table 3.1 are approximate and should be estimated rather than measured.  

 

Test any gases evolved during the tests.  

 

If there is no observable change, write no observable change. 

  

 (a) Carry out the tests in Table 3.1.  

Carefully record your observations at each stage of the tests in Table 3.1. 

  

 Table 3.1 

  

tests observations 

1 Transfer the FA 6 provided into a boiling tube and 

add 3 cm depth of dilute nitric acid. 

 

Filter the mixture into another clean test-tube.  

 

Discard the filter paper with the residue. 

 

2 Add 1 cm depth of filtrate from test 1 into a clean 

test-tube.  

 

Add aqueous ammonia slowly with shaking, until the 

aqueous ammonia is in excess.  

 

Leave to stand for several minutes.  

 

3 Add 1 cm depth of FA 7 into a clean test-tube.  

 

Add a few drops of aqueous silver nitrate. 

  

Add aqueous ammonia to the mixture, with shaking, 

until the aqueous ammonia is in excess. 

 

4 Add 1 cm depth of FA 7 into a clean test-tube. 

 

Add aqueous sodium hydroxide slowly with shaking, 

until the aqueous sodium hydroxide is in excess.  

 

5 Add 1 cm depth of FA 7 into a clean test-tube. 

 

Add aqueous ammonia slowly with shaking, until the 

aqueous ammonia is in excess.  

 

Add dilute nitric acid dropwise with shaking, until the 

dilute nitric acid is in excess.  

 

 [5] 
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 (b) Use your observations in Table 3.1 to identify the ions in FA 6 and FA 7 and state the evidence of 

each by completing Table 3.2. 

  

 Table 3.2 

  

  
identity evidence 

cation in FA 6   

anion in FA 6   

cation in FA 7   

anion in FA 7   

 

  

 [4] 

  

 [Total: 9] 
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BLANK PAGE 
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BLANK PAGE 
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Qualitative Analysis Notes 

[ppt. = precipitate] 

 

(a) Reactions of aqueous cations 

 

cation 
reaction with 

NaOH(aq) NH3(aq) 

aluminium,  

Al3+(aq)  

white ppt. 

soluble in excess  

white ppt. 

insoluble in excess  

ammonium,  

NH4
+(aq)  

ammonia produced on heating  − 

barium, 

Ba2+(aq)  

no ppt.  

(if reagents are pure)  
no ppt.  

calcium, 

Ca2+(aq)  

white ppt. with high  

[Ca2+(aq)]  
no ppt.  

chromium(III), 

Cr3+(aq)  

grey-green ppt. 

soluble in excess 

giving dark green solution  

grey-green ppt. 

insoluble in excess  

copper(II), 

Cu2+(aq)  

pale blue ppt. 

insoluble in excess  

blue ppt. 

soluble in excess 

giving dark blue solution  

iron(II), 

Fe2+(aq)  

green ppt., turning brown on  

contact with air 

insoluble in excess  

green ppt., turning brown on  

contact with air 

insoluble in excess  

iron(III), 

Fe3+(aq)  

red-brown ppt. 

insoluble in excess  

red-brown ppt. 

insoluble in excess  

magnesium, 

Mg2+(aq)  

white ppt. 

insoluble in excess  

white ppt. 

insoluble in excess  

manganese(II), 

Mn2+(aq)  

off-white ppt., rapidly turning  

brown on contact with air 

insoluble in excess  

off-white ppt., rapidly turning  

brown on contact with air 

insoluble in excess  

zinc, 

Zn2+(aq)  

white ppt. 

soluble in excess  

white ppt. 

soluble in excess  
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(b) Reactions of anions 
 

anion reaction 

carbonate, 

CO3
2−  

CO2 liberated by dilute acids  

chloride, 

Cl−(aq)  
gives white ppt. with Ag+(aq) (soluble in NH3(aq))  

bromide, 

Br−(aq)  
gives pale cream ppt. with Ag+(aq) (partially soluble in NH3(aq))  

iodide, 

I−(aq)  
gives yellow ppt. with Ag+(aq) (insoluble in NH3(aq))  

nitrate, 

NO3
−(aq)  

NH3 liberated on heating with OH−(aq) and Al foil  

nitrite, 

NO2
−(aq)  

NH3 liberated on heating with OH−(aq) and Al foil; 

NO liberated by dilute acids 

(colourless NO → (pale) brown NO2 in air)  

sulfate, 

SO4
2−(aq)  

gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids)  

sulfite, 

SO3
2−(aq)  

SO2 liberated with dilute acids;  

gives white ppt. with Ba2+(aq) (soluble in dilute strong acids)  

 

(c) Tests for gases 
 

gas test and test result 

ammonia, NH3  turns damp red litmus paper blue  

carbon dioxide, CO2  gives a white ppt. with limewater  

(ppt. dissolves with excess CO2)  

chlorine, Cl2  bleaches damp litmus paper  

hydrogen, H2  “pops” with a lighted splint  

oxygen, O2  relights a glowing splint  

sulfur dioxide, SO2  turns aqueous acidified potassium manganate(VII) from purple to  

colourless  
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(d) Colour of halogens 
 

halogen colour of element colour in aqueous solution colour in hexane 

chlorine, Cl2 greenish yellow gas pale yellow pale yellow 

bromine, Br2 reddish brown gas / liquid orange orange-red 

iodine, I2 black solid / purple gas brown purple 

 

(e) Tests for organic compounds 
 

organic compounds reactions 

alkene  decolourises orange Br2(aq) 

chloroalkane  heat with NaOH(aq),  

white ppt. formed on adding dilute HNO3, followed by Ag+(aq) 

bromoalkane  heat with NaOH(aq),  

pale cream ppt. formed on adding dilute HNO3, followed by Ag+(aq) 

iodoalkane  heat with NaOH(aq),  

yellow ppt. formed on adding dilute HNO3, followed by Ag+(aq) 

alcohol  • forms white fumes with solid PCl5 

• decolourises purple acidified KMnO4(aq) on heating (for primary and 

secondary alcohols) 

• gives pale yellow ppt. with alkaline I2(aq) on warming (for alcohols with 

CH3CH(OH)− group) 

phenol  decolourises orange Br2(aq) and forms a white ppt. 

carbonyl compounds 

(aldehydes and 

ketones) 

• gives orange ppt. with 2,4-dinitrophenylhydrazine 

• gives pale yellow ppt. with alkaline I2(aq) on warming (for carbonyl 

compounds with CH3CO− group) 

• gives red-brown ppt. with Fehling’s solution on warming (for aliphatic 

aldehydes) 

• gives silver mirror with Tollens’ reagent on warming (for aldehydes) 

carboxylic acid • CO2 liberated with Na2CO3(aq) 

• gives white fumes with solid PCl5 

phenylamine decolourises orange Br2(aq) and form a white ppt. 

primary amide NH3 liberated on heating with NaOH(aq) 

 
 

 
 
 

 



   1 2


   1 2


  experimental rate =     change in [S2O32(]  time, t
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