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= 
25.8
17.0

 = 1.5 (1d.p.) 

= 
25.8
12.9

 = 2.0 (1d.p.) 

 1 

 rate of reaction ( 
1

𝑡𝑖𝑚𝑒 𝑡𝑎𝑘𝑒𝑛
), rate 1 = 0.0588, rate 2 = 0.0388 

Comparing experiments 1 & 2, [H2O2] and [H+] is kept constant. 

when [I−] × 1.5, the rate of reaction also × 1.5.  

Hence, we can deduce it is first order w.r.t. I−  



 

 1 
 
 Let rate = k’[I−] [H2O2]b and rate = (1/time taken) 

comparing expt 2 & 3,  
𝑟𝑎𝑡𝑒 3
𝑟𝑎𝑡𝑒 2

 = 
1/12.9
1/25.8

 = 
𝑘′ × 5 ×(40)𝑏

𝑘′ ×10 ×(10)𝑏 

4 = 
(40)𝑏

(10)𝑏 

b = 1 

[I−] [H2O2] 

 

The reaction mixture has a buffer solution containing CH3COOH and its conjugate base 

CH3COO− (from FA4). When [H+] decreases, CH3COOH dissociates to produce some H+ to 

maintain the [H+] in the mixture. 

 

Note: The question is asking about why [H+] remains constant in ALL the experiments, implying 

that it is referring to the entire duration of each experiment. The question is NOT about why it is 

important to keep initial [H+] constant across the experiments. 



 



 

Experiment 1 2 3 4 

FA6 Final Burette Reading /cm3 5.50 26.50 36.50 15.00 

FA6 Initial Burette Reading /cm3 0.00 5.50 26.50 0.00 

Volume of FA6 used /cm3 5.50 21.00 10.00 15.00 

     

FA7 Final Burette Reading /cm3 26.20 40.70 20.20 34.30 

FA7 Initial Burette Reading /cm3 0.00 35.00 0.00 21.00 

Volume of FA7 used /cm3 26.20 5.70 20.20 13.30 

 
Note:  
Labelling of headers with units 
Readings recorded to 2 d.p. for burette readings 



 



 

 
 

Gradient = 
33.50 - 0.00
0.00 - 25.50

 = −1.31 

Note: Can use any two points from the straight line to calculate gradient. 

Must include -ve sign for the gradient 

• Gradient is 
Vol FA7
Vol FA6

, magnitude is 1.31 

 
Total amount of H+ from 33.50 cm3 of HCl in FA7 = Total amount of H+ from 25.50 cm3 of H2SO4 in FA6  

Note: 1 mol of H2SO4 produces 2 mol of H+ 

[FA7] × Vol FA7 = [FA6] × Vol FA6 × 2 
[FA7]
[FA6]

 = 
Vol FA6
Vol FA7

 × 2  

 = 
1

1.31
  2 = 1.53  

 

25.50 cm3 

33.50 cm3 



 

25.0 cm3 of FA5 requires 33.50 cm3 of FA7 for complete neutralisation 
 
Ba(OH)2 + 2 HCl ⎯→ BaCl2 + 2H2O 
 

Total amount of HCl used = 0.150 × 
33.50
1000

 = 0.005025 mol 

Amount of Ba(OH)2 = ½ × 0.005025 = 0.002513 mol 

Concentration of Ba(OH)2 = 
0.002513
25.0

1000⁄
 = 0.101 mol dm−3 

[FA7]
[FA6]

 = 1.53  

[FA6] = 
0.150
1.53

 = 0.0980 mol dm−3 

Alternatively, 

Ba(OH)2 + H2SO4 ⎯→ BaSO4 + 2H2O 

25.0 cm3 of 0.101 mol dm−3 Ba(OH)2 reacts with 25.50 cm3 of H2SO4 

Amount of Ba(OH)2 used = 0.101 × 
25.0
1000

 = 0.002525 mol = Amount H2SO4 

Concentration of H2SO4 = 
0.002525

25.50
1000⁄

 = 0.0990 mol dm−3 

Total amount of H+ required to neutralise Ba(OH)2 = H+ from FA6 + H+ from FA7 

As volume of FA6 used increases, greater amount of H+ is contributed by FA6. Lesser amount 

of FA7 is required to complete the neutralisation and hence vol of FA7 required decreases.  

White precipitate is formed in the colourless solution.  

Ba(OH)2 (aq) + CO2 (g) ⎯→ BaCO3 (s) + H2O (l)  similar to reaction of Ca(OH)2 with CO2(g) 



 

Reaction with FA7: BaCO3 (s) + 2HCl (aq) ⎯→ BaCl2 (aq) + H2O (l) + CO2 (g)  

Reaction with FA6: BaCO3 (s) + H2SO4 (aq) ⎯→ BaSO4 (s) + H2O (l) + CO2 (g)  

 

Volume of FA7 required would be the same. 

For every 1 mol of Ba(OH)2 or BaCO3, 2 mol of HCl is required for complete 

reaction. Even though some Ba(OH)2 is converted to BaCO3, the mixture would 

still require the same amount of HCl for reaction. 

Note: Both Ba(OH)2 and BaCO3 are still in the conical flask to react with HCl 

 



 



 

Effervescence of 
colourless, odourless 
gas that ‘pop’ with a 
lighted split. H2(g) 
evolved. 
Mg(s) dissolves 

No observable 
change 

After warming, the 
solution remains 

orange. After warming, 
yellow ppt formed 
in brown solution. 

After warming, 
yellow ppt formed 
in brown solution. 

Orange solution 
turns pale yellow 

Brown solution 
turns pale yellow.  

Yellow ppt remains 

Brown solution 
turns pale yellow.  

Yellow ppt remains 

Brown ppt on addition 
of NaOH(aq). 
Brown ppt dissolves 
in NH3(aq) to give 
colourless solution. 
Upon adding FA10, 
no silver mirror 
formed upon standing 



 

CH3COOH 

FA8 contains a −COOH functional group as 
it undergoes acid-metal reaction with Mg(s) 
to produce H2(g) 

CH3CH(OH)CH3 

FA9 contains a −CH(OH)CH3 functional 
group as it undergoes oxidation reaction with 
alkaline I2 to produce yellow ppt of CHI3 

CH3COCH3 

FA10 contains a ketone functional group as 
it undergoes condensation reaction with 
2,4−DNPH to give a yellow ppt but no 
reaction with Tollens’ reagent. 
 
FA10 also contains a −COCH3 functional 
group as it undergoes oxidation reaction with 
alkaline I2 to produce yellow ppt of CHI3. 

CH3CH2CHO 

FA11 contains an aldehyde functional group 
as it undergoes condensation reaction with 
2,4−DNPH to give a yellow ppt and oxidation 
reaction with Tollens’ reagent to give Ag(s). 
 



 



 

Amount of nitrobenzene in 10.0 g = 
10.0
123 

 = 0.08130 mol (70%) 

Amount of nitrobenzene in 100% = 
100
70 

 × 0.08130 = 0.1161 mol 

Amount of benzene required = 0.1161 mol 
Mass of benzene required = 0.1161 × 78 = 9.06 g 

Volume of benzene required = 
9.06

0.8765 
 = 10.3 cm3 

1) Using separate 25.0 cm3 measuring cylinders, a nitrating mixture containing 10.0 cm3 of 

concentrated HNO3 and 10.0 cm3 of concentrated H2SO4 was prepared in a round bottom 

flask submerged in a water bath, placed on an electronic hot plate/heating mantle. 

(Same vol ratio as benzene as shown in the example) 

2) Using a 10.0 cm3 measuring cylinders, a total of 10.0 cm3 of benzene was added into the 

reaction mixture in the round bottom flask, with stirring, in four separate  2.5 cm3 portions. 

During each of the addition, use a thermometer to monitor the temperature of the reaction 

mixture. When the temperature of the reaction mixture rises and approaches 50 C, add 

some ice water to the water bath to cool down the mixture. 

3) After the addition of benzene, set the temperature of the electronic hot plate/heating 

mantle to 60 C and leave the reaction mixture for 30 minutes. 

4) Using a 100 cm3 measuring cylinder, measure and transfer 75 cm3 of deionised water 

into a separatory funnel. Pour the reaction mixture into the separatory funnel, shake the 

mixture and allow it to settle into 2 distinct layers. Open the tap to collect the bottom oily 

organic layer in a 100 cm3 beaker. (Nitrobenzene has higher density than water, hence 

lower layer) 



 

Na2CO3(aq) is used to react with any remaining acid (HNO3 and H2SO4) in the reaction 

mixture. 

Benzene is flammable 

The reaction mixture should be maintained at 60 C in a water bath using 

electronic hot plate/heating mantle. Do not use Bunsen burner. 

Benzene is toxic 

The reaction must be carried out inside the fume cupboard and gloves to be 

worn when conducting the experiment. 

Concentrated acids are highly corrosive. 

The reaction must be carried out inside the fume cupboard and gloves to be 

worn when conducting the experiment. 

5) Using another 100 cm3 measuring cylinder, measure and transfer 75 cm3 of Na2CO3(aq) into another 

separatory funnel. Pour the oily organic liquid into the separatory funnel, shake the mixture and allow it 

to settle into 2 distinct layers. Open the tap to collect the bottom oily organic layer in a 100 cm3 beaker. 

(Nitrobenzene has higher density than water, hence lower layer) 

6) Repeat step 4 and collect the bottom organic layer in a 100 cm3 beaker. 

7) Add anhydrous calcium chloride into the organic liquid and leaving it for 20 minutes. (To dry the 

mixture) 

8) Using a filter funnel with filter paper, filter the suspension and collect the filtrate in a round bottom flask. 

9) Place the round bottom flask in an oil bath (water bath can only reach 100C) with electronic hot 

plate/heating mantle, connect the round bottom flask to a simple distillation setup. Heat the organic liquid 

to 200-220 C and collect the distillate at 209 - 213C in a conical flask ( 2 C from boiling point of 211 

C). Pure nitrobenzene is collected as the distillate. 


