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Section A 
 

Answer all the questions in this section.  

1 (a) Phenylalanine is an essential -amino acid with the formula C9H11NO2. It cannot be 
synthesised by the human body and needs to be obtained through diet.  

 
 

      
 

 
Phenylalanine can react with alanine, CH3CH(NH2)CO2H, to form a mixture of dipeptides.  

 
(i) Name the type of reaction when phenylalanine reacts with alanine.                             [1] 

 
(ii) State the number of possible different constitutional isomers that can be formed in this 

reaction.                             [1] 
 
(iii) Draw the structures of the constitutional isomers with the molecular formula C12H16N2O3 

that are formed in this reaction. The peptide bond formed in each constitutional isomer 
should be shown displayed. [2]                                       

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 
…………………………………………………….………………………….…………………… 
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(b) Table 1.1 shows the pKa values of the different functional groups present in phenylalanine and 
alanine. Both amino acids exist mainly as zwitterions at pH 7.0.      
  

Table 1.1 
 
 
 
 
 
 

(i) State what is meant by the term zwitterion.  [1] 
 
(ii) Draw the predominant species of phenylalanine at pH 1.0.  [1] 
 
(iii) Suggest a pH at which the predominant species of alanine has a net negative charge. [1] 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

amino acid pKa of -carboxyl group pKa of -amino group 

phenylalanine 1.83 9.13 

alanine 2.34 9.87 
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(c) The position of substitution in the electrophilic substitution of mono-substituted arenes depends 
on the nature of the group already attached to the ring. This selectivity can be explained based 
on the stability of the intermediate formed in the first step. Fig. 1.1 shows three isomers  
P, Q, R, with the same molecular formula, C9H11NO2, as phenylalanine that can be formed from 
an appropriate starting alkylbenzene. 

 
 Use this information to predict which isomer in Fig. 1.1 will be formed the least and which isomer 

will be formed the most. Explain your reasoning.  [3] 
 
 

 
 

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

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

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

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

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

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

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

Fig. 1.1 
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…………………………………………………….…………………………………………….. 
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 
…………………………………………………….…………………………..…………………… 
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(d) Diazonium salts are commonly used to produce synthetics dyes with intense colours that do 
not occur naturally. The cation of a diazonium salt can be made by reacting an arylamine, RNH2, 
with nitrous acid, HNO2.  

 
The five stages of the reaction are described in Table 1.2. 

 
Table 1.2 

 
      

(i) Name the type of reaction in stage 1.  [1] 
 

(ii) Complete the mechanism in stage 1 by adding a lone pair and curly arrows in Table 1.2. 
 [2] 

 
(iii) Complete the mechanisms in stage 3 and stage 5 by adding lone pairs and relevant curly 

arrows.  [2] 
 

stage description of 
stage 

equation 

1  

 

 

 

 

2 deprotonation 

 

 

 

3 

protonation 
and electron 

pair 
movement  

 

 

 

4 
deprotonation 

and 
protonation 

 

 

5 

Electron pair 
movement 

and 
heterolytic 
cleavage of 
N-O bond 
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…………………………………………………….…………………………………………….. 
 

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

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

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

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

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

(e) Describe the variation in the acid-base behaviour of the Period 3 oxides by reference to the 

reactions of MgO, Al2O3 and SiO2 separately with sulfuric acid, H2SO4, and with potassium 

hydroxide, KOH. 
 
  Write equations for any reactions described.           [6] 
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 [Total: 21] 
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2 Halogenoalkanes are often used as refrigerants, propellants for aerosols and for generating foamed 

plastics like expanded polystyrene, and intermediates in the synthesis of polyvinyl chloride. 

 

 (a)  Finkelstein reaction involves the replacement of the halogen atom in a halogenoalkane by an 

iodide ion from a solution of sodium iodide dissolved in propanone. This reaction goes almost 

to completion and a precipitate of sodium halide is formed as shown below.   

 

RX + NaI    RI + NaX 

 
A series of experiments can be carried out to determine the order of reaction with respect to a 

halogenoalkane, C4H9Br, and iodide ion. Different concentrations of C4H9Br and sodium iodide 

were used, and the following initial rates were obtained in Table 2.1.   

 

Table 2.1 

experiment [C4H9Br] / mol dm–3 [NaI] / mol dm–3 
Initial rate /  

mol dm−3 s–1 

1 0.04 0.60 5.68 x 10–5 

2 0.02 0.30 1.42 x 10–5 

3 0.60 0.60 8.52 x 10–4 

 
 

(i)  The halogenoalkane, C4H9Br which is used in the above reaction, contains a chiral 
carbon. Deduce a structure for the halogenoalkane.          [1] 

 
(ii) Use the data in Table 2.1 to deduce the order of reaction with respect to each reactant, 

showing how you arrive at your answers. Hence, write a rate equation for the reaction.                                
                 [3] 

 
(iii) Using your answer in (a)(i) and (a)(ii), describe a mechanism that is consistent with your 

rate equation. Show relevant lone pairs and dipoles and use curly arrows to indicate the 
movement of electron pairs.  [3] 

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

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

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

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

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

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

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

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

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

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

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



10 

 

9729/03/CJC JC2 Preliminary Examination 2025 
    

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

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

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

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

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

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

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

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

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

(b) The hydrolysis of another isomer, 2−bromo−2−methylpropane takes place as follows.  
 

(CH3)3CBr + H2O → (CH3)3COH + H+ + Br– 

 
An experiment was conducted to determine the order of reaction with respect to 
2−bromo−2−methylpropane. The following results were obtained for the product, (CH3)3COH. 
 

time/ s 19 28 50 70 154 

[(CH3)3COH]/ mol dm–3 0.0030 0.0040 0.0060 0.0072 0.0095 

 
It was found that the order of reaction with respect to 2−bromo−2-methylpropane is one and 
the half-life of the reaction is 35 s.  
 
(i) Using a non-graphical method, show that the concentration of 

2−bromo−2−methylpropane at the start of the experiment is 0.0096 mol dm−3.        [2] 

 
 (ii) Hence, deduce how long the reaction has proceeded when concentration of (CH3)3COH  

   obtained is 0.0084 mol dm−3.               [1] 
 
 (iii) The following mechanism for the above reaction is as shown. 

 

   (CH3)3CBr →  (CH3)3C+ + Br−   slow 

    (CH3)3C+ + H2O → (CH3)3COH + H+  fast 
   

Explain why the mechanism shows an overall first order kinetics.                    [1] 
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

….…………………………………………………….………………………………….………... 
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(c) Compound J, C8H8NO2Br, is a primary halogenoalkane. J undergoes nucleophilic substitution 
with hot aqueous potassium hydroxide to produce compound K which has a molecular formula 
C8H9NO3. Compound K undergoes side-chain oxidation with hot acidified potassium 

manganate(VII) to give compound L, C7H5NO4 and carbon dioxide gas is produced.                      

L produces effervescence with sodium hydrogencarbonate. 
   

 Heating compound K under reflux with acidified potassium dichromate(VI) gives compound M, 

C8H7NO4. When compound M is treated with tin and concentrated hydrochloric acid, followed 
by careful neutralisation using an aqueous alkali, a salt of compound N, C8H9NO2, is obtained.  

 
 1 mole of compound N reacts with 2 moles of aqueous bromine. Treatment of compound N 

with anhydrous phosphorus pentachloride produces compound O, C8H7NO. 
 
  Suggest the structures of J to O and explain the reactions that compounds K, L, M and N 

undergo.      [9]     
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[Total: 20] 
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3 (a)    Ammonia in aqueous solution is a Lewis base.          

            Explain what is meant by this statement. Illustrate your answer with an equation for a suitable 
reaction.                                                                                                               [2] 
            
…………………………………………………….………………………………………………..……… 
 
…………..………………………………………………….……………………………………………… 
 
…………………………………………………….………………………………………………..……… 
 
…………..………………………………………………….……………………………………………… 
 
…………………………………………………….………………………………………………..……… 
 
…………..………………………………………………….……………………………………………… 
 
 

     (b)   Hydrogen cyanide, HCN, is a weak acid. 
 

HCN   H+ + CN–            Ka = 7.2 x 10–10 

 
            A mixture containing both HCN and CN– ions is a useful reagent in organic chemistry.  
 

(i) What is meant by a buffer solution? Write equations to show clearly how the mixture can 

act as a buffer solution.                                                                                        [2] 

 

(ii) Calculate the [CN–] / [HCN] ratio in such a mixture whose pH is 10.0.                          [1] 

 

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

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………….…………………………………………….. 
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(c)   The simplest amide, methanamide, HCONH2, can be dehydrated to hydrogen cyanide, HCN.                                    
 

HCONH2  →  HCN  +  H2O 
 

(i) Ethanal undergoes nucleophilic addition reaction with HCN. Give the product formed for 

the reaction.                                                                                                             [1]  

                                                                                                                                       
(ii) In some circumstances, double bonds will undergo a nucleophilic addition reaction. 

Suggest reasons to explain Fig. 3.1 below. Use the concepts of electronegativity, electronic 
and steric effects, and delocalisation in your answer.                                                 [3] 

 
 

 

    
  

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

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

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

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

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

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

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

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

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

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

Fig. 3.1 
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……………………………………………………………….…………………………………………….. 
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

……………………………………………………………….…………………………………………….. 
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   (d)    The hydroxides of Group 2 vary in their solubilities in water.  
 

hydroxide solubility/ mol dm–3 

Mg(OH)2 1.6 x 10–4 

Ca(OH)2 2.5 x 10–2 

Ba(OH)2 4.1 x 10–1 

 
(i) Suggest a value for the solubility of strontium hydroxide, Sr(OH)2.                            [1] 

                                
(ii) Calculate the solubility product, Ksp, for Mg(OH)2.                                             [1]     

 
(iii) Given that the Ksp, for Ba(OH)2 is 0.276 mol3 dm–9  and using your answer in d(ii), describe 

what you would observe if equal volumes of saturated solutions of Mg(OH)2 and Ba(OH)2 

were mixed. Explain your answer with appropriate calculations.  [2] 

                                           

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 
 
 (e)    The addition of NH3(aq) to a solution containing Cu2+(aq) produces a deep blue solution.  
 
          (i)   Write an equation for this reaction and state the type of reaction occurring.            [2]   
                          

(ii)  This solution changes from deep blue to purple when the bidentate ligand, en,   
ethane–1,2–diamine, H2NCH2CH2NH2, is added.   

 
        Suggest an explanation for this observation and write an equation for the reaction occurring.   
        (The formula of ethane–1,2–diamine can be shortened to en in the formulae and equations 

of your answer.)                                                 [2] 
                  

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

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

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

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

 
……………………………………………………………….………………………………………. 
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    (f)  Iron is the most abundant element on Earth, constituting about 80% of the inner and outer cores 
of Earth. Iron exists in a wide range of oxidation states, although the +2 and +3 states are the 
most common.  

 
            Use the information below to determine the enthalpy change for the following reaction.            [2] 
 

Fe2O3(s)  +  3C(s)  →  2Fe(s)  +  3CO(g) 
 
 

enthalpy change of formation of Fe2O3(s) –824 kJ mol–1 

enthalpy change of formation of CO(g) –110 kJ mol–1 

                                                                                                                        
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[Total: 19] 
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Section B 
 

Answer one question in this section.  
 

4 Use of the Data Booklet is relevant to this question.  
 

(a) (i) State the spdf electronic configuration of sodium.           [1] 
 

(ii)  Draw and label an orbital from which the second electron of sodium is removed.     [1] 
 

(iii)  With the aid of a relevant equation, explain what is meant by the second ionisation energy of 
sodium. [2] 

 
 

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

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

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

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

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

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

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

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

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

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

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

(b) Sodium vapour lamp is a gas-discharge lamp that is commonly used in street lighting due to its 

characteristic yellow-orange hue. These lamps consist of a gas tube containing solid sodium and 

a small amount of neon gas. 

 

The process of producing light involves the ionisation of gaseous sodium and neon atoms in an 

electric field. 

 
(i) Explain why sodium has a lower first ionisation energy than neon.                             [1] 

 

(ii) Suggest why the pinkish glow of neon is observed before the orange glow of sodium when 

the lamp is first turned on.     [1] 

 
 

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

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

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

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

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

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

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

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

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

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

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

(c) Describe the reactions, if any, of the oxides Na2O and SO3 with water. Include the 
approximate pH value of any resulting solutions and write equations for any reactions that 
occur.                  [2] 

 

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

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

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

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

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

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

(d) The manufacture of sulfuric acid involves the reaction between sulfur dioxide and oxygen 
gas. 

2SO2(g) + O2(g) 2SO3(g) 
 

When an equimolar mixture of SO2 and O2 is passed over a catalyst at an initial pressure of 
2 atm, the percentage conversion of SO2(g) is 98%.        

 
(i) Calculate the equilibrium partial pressure of each of the three gases.  [2] 
 
(ii) Write the expression for the equilibrium constant, Kp, for this reaction. Use your answer 

in (d)(i) to calculate the value of Kp for this reaction including its units.  [2] 
 

(iii) Some sulfur dioxide gas was added to the existing equilibrium system to increase 

the partial pressure of SO2 to y atm at constant temperature. The system was then 

allowed to establish a new equilibrium. The partial pressure of SO3 was found to be 

1.50 atm at this new equilibrium. 

 

Calculate the value of y in atm.               [2] 

 

……………………………………………………………………………………….…

…………………………………………………………………………………………

……….…………………………………………………………………………………

………………….……………………………….………………………………………



22 

 

9729/03/CJC JC2 Preliminary Examination 2025 
    

…………………………………………………………………………………………

……………………………………….…………………………………………………

…………….…………………………………………………………………………… 

……………………………………………………………………………………….…

…………………………………………………………………………………………

……….…………………………………………………………………………………

………………….……………………………….………………………………………

…………………………………………………………………..………………………

……………………………………….…………………………………………………

…………….…………………………………………………………………………… 

……….…………………………………………………………………………………

………………….……………………………….………………………………………

…………………………………………………………………..………………………

……………………………………….…………………………………………………

…………….…………………………………………………………………………… 

……….…………………………………………………………………………………

………………….……………………………….………………………………………

…………………………………………………………………..………………………

……………………………………….…………………………………………………

…………….…………………………………………………………………………… 

…………………………………………………………………..……………………… 

(e) Explain why benzene has a tendency to undergo substitution reactions rather than addition 

reactions.                      [1] 

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

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

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

…….….………………………………………………………………………………………….…… 
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(f) Compound B can be synthesised from (3-bromopropyl)benzene in one step as shown in 

Fig. 4.1 below. 

 

 
              Fig. 4.1 

 

(i) State the role of AlBr3 in this reaction.                   [1] 

(ii) Describe the mechanism of the above reaction, including curly arrows to show 

movement of electrons, and all charges.                                       [4] 

 

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

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

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

…………………………………………………………………………………………………

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[Total: 20] 
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5 Titanium is a transition element, commonly found as TiO2 in minerals.  
 

(a) When TiO2 reacts with an excess of sulfuric acid, TiO2+ ion is formed. TiO2+ can be reduced 

to form a purple solution containing Ti3+(aq).  

 

(i) Construct the half–equation for the reduction of TiO2+ to Ti3+ in acidic conditions.  [1] 
 

(ii)  Explain why Ti3+(aq) is violet.   [3] 
 

(iii) Acidified Ti3+(aq) reacts with oxygen dissolved in water as shown.  
 

4Ti3+ + O2 + 2H2O → 4TiO2+ + 4H+  ΔG
⦵

 = –436.1 kJ mol–1 

 

Calculate E
⦵

cell for the above reaction and hence determine the standard reduction 

potential of TiO2+(aq)/Ti3+(aq).    [2] 
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

…………………………………………………………………………………………………

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

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

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

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

…………………………………………………………………………………………………

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

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

 

(b) Gold is an unreactive metal that can only be oxidised under specific conditions. Some 

relevant half-equations and their standard electrode potentials are given.  

 
 
 
 
 
 

 
 

 
(i) Draw a fully labelled diagram of the experimental set-up used to measure the standard 

cell potential, E
⦵

cell, of Au3+(aq)/Au(s) and HNO3(aq)/NO(g). Include all necessary 

chemicals.   [2] 

 
(ii)  Gold can be only oxidised by a mixture of concentrated hydrochloric acid and 

concentrated nitric acid, known as aqua regia.  
 
 Using the half–equations 2 and 3, construct a balanced equation for the reaction and 

explain why it would be expected that this redox reaction would not occur if it is carried 
out under standard conditions.   [2] 

 
(iii) In fact, gold dissolves when the concentration of hydrochloric acid is 12 mol dm–3 and 

the concentration of nitric acid is 16 mol dm–3.  
 
State and explain what effect the use of concentrated hydrochloric acid and 
concentrated nitric acid in aqua regia have on the electrode potential, E values, of 

half–equations 2 and 3 respectively and thus the overall Ecell.   [2] 

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

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

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

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

 half-equation E
⦵

/ V 

1 Au3+(aq) + 3e– ⇌ Au(s) +1.50 

2 [AuCl4]–(aq) + 3e– ⇌ Au(s) + 4Cl–(aq) +1.00 

3 NO3
–(aq) + 4H+(aq) + 3e– ⇌ NO(g) + 2H2O(l) +0.96 
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………………………………………..…………………………………………………………

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

….…………………………………………………………………….………………………… 
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(c)  An impure sample of BaC2O4, of mass 0.500 g, is added to 50.0 cm3 of 0.020 mol dm–3 
acidified MnO4

– (aq), which is in excess. A redox reaction occurs and all the BaC2O4 reacts.  
The resulting solution, containing unreacted acidified MnO4

– is then titrated with 
0.050 mol dm–3 Fe2+(aq).  
 
The end-point is reached when 26.80 cm3 of 0.050 mol dm–3 Fe2+(aq) has been added.  

 

C2O4
2– ⇌ 2CO2 + 2e– 

MnO4
– + 8H+ + 5e– ⇌ Mn2+ + 4H2O 

Fe2+ ⇌ Fe3+ + e– 

 
Calculate the percentage by mass of BaC2O4 in the 0.500 g impure sample. Show your 
working. [Mr: BaC2O4, 225.3]  [3] 
 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



28 

 

9729/03/CJC JC2 Preliminary Examination 2025 
    

(d) The reaction of phenylethanone with 1,4–dibromobutane, BrCH2CH2CH2CH2Br in the 
presence of FeBr3 is shown below in Fig. 5.1.  

 

 
 

 The mechanism of this reaction is similar to that of the alkylation of benzene.  
 

(i) The reaction forms small amounts of two by-products, A (C20H22O2) and B (C12H14O). 

Suggest structures for A and B.  [2]  

  
(ii) Compound F can be synthesised from benzene in three steps by the route shown in 

Fig. 5.2. Give the structure of intermediate compounds D and E and the reagents and 

conditions for step 2.   [3] 

 

 
 

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

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

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

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

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

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

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

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

Fig. 5.1 

Fig. 5.2 
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………………………………………………………………………………………………

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

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

………………………………………………………………………………………………

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

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

………………………………………………………………………………………………

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

………………………………………………………………………………………………

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

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

………………………………………………………………………………………………

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

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

………………………………………………………………………………………………

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

………………………………………………………………………………………………

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

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

………………………………………………………………………………………………

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

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

………………………………………………………………………………………………

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

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

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

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

[Total: 20] 
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Additional answer space 
 

If you use the following pages to complete the answer to any questions, the question number must be 
clearly shown. 
 
…………………………………………………….……………………..……………………………………….. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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


