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Serangoon Junior College Preliminary Examination 2014 
H2 Paper 2 Solutions  

 

1 Planning (P) 

  Borax, also known as sodium tetraborate decahydrate, Na2B4O5(OH)4.10H2O, is a 
controlled poison in Singapore and cannot be bought off the shelf.  

Borax dissolves slightly in water to form an alkaline solution: 

Na2B4O5(OH)4(s)  ⇌ 2Na+(aq) + [B4O5(OH)4]
2-(aq) 

[B4O5(OH)4]
2-(aq) + 5H2O(l) ⇌ 4H3BO3(aq) + 2OH-(aq) 

The solubility product of borax at 30°C can be determined via volumetric analysis 

using hydrochloric acid solution.  

 

 (a) Assuming that a cm3 of 0.500 mol dm-3 HCl is required for titrating 25.0 cm3 of 

borax solution at 30°C, calculate the solubility product of borax (excluding units) in 
terms of a.  
 

  nHCl = a/1000 × 0.500 = 5.000 x 10-4 a mol 

 
2HCl ≡ 2OH- ≡ [B4O5(OH)4]

2- ≡ Na2[B4O5(OH)4] 

 
Amt of Na2[B4O5(OH)4] = 5.000 x 10-4  / 2 = 2.500 x 10-4 a mol  

[borax] = 
3

0 0002500

25 10

a





= 0.01000a mol dm-3  

 
[Na+] = 0.02000a  mol dm-3 

[tetraborate anion] = 0.01000a  mol dm-3 

 
Ksp =[Na+]2 [tetraborate anion] =(0.02000a)2(0.01000a) 

     = 4.00 x 10-6 a3 

 

     [3] 

 (b) Deduce the sign for ∆S for the dissolution of borax. Hence, predict whether this 
process will be more or less feasible at a higher temperature, given that ∆H is 

endothermic. 

  Since ∆G = ∆H - T∆S 
Since ∆H and ∆S are both positive, as there is a change in state from solid to 
aqueous in the dissolution process which results in an increase of 
disorderliness.  
 
When T increases from 30°C  to 60°C, ∆G becomes more negative. Dissolution 
process is more feasible.  
 

  [2] 
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 (c) The solubility of borax can also be defined as 30 g of solid that will dissolve in  
100 g of water at 60°C. 
 
Other than volumetric analysis, write a plan to validate the above information. 
 
Your plan should also include 

 steps to prepare a saturated solution 

 steps to maintain the temperature throughout the experiment 
 

   1. Weigh approximately x g of solid borax using a weighing balance.  
2. Using a 100 cm3 measuring cylinder, place 100 cm3 of distilled 

water into a 250 cm3 pre-weighed dry beaker.  
3. Weigh again with the distilled water inside to obtain the mass of the 

distilled water.  
4. Maintain the temperature of the mixture at 60°C using a water bath.  
5. Add the solid to water and stir with a glass rod to dissolve the solid, 

add more solid to the water until more solid dissolves.  
6. Allow the mixture to stand for a period of time to establish 

equilibrium.  
7. Filter the mixture to obtain the residue and transfer the residue to a 

pre-weighed dry evaporating dish.  
8. Heat the residue to dryness by placing the evaporating dish on top 

of a bunsen burner with tripod.  
9. Cool and reweigh the evaporating dish to obtain mass of the residue. 
10. Repeat the heating, cooling and weighing until a constant mass  

is obtained. 
11. Calculate using the formula: 

 

           
100

Total mass of soluteadded mass of residue

mass of water


 

Solubility 
 

                                                                                    

   [6] 

 (d) Identify one potential safety hazard in either experiment (a) or (c) and state how 
you would minimise this risk. 

  Borax is poisonous / hydrochloric acid is corrosive.  
Hence, gloves / goggles must be worn OR conduct experiment in fume hood.  
 

[1] 

   [Total: 12] 
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2 Sodium and chlorine are two common elements on Earth. Elemental chlorine is 
commercially produced from brine, also known as concentrated sodium chloride, by 
electrolysis. 
 
The electrolysis of brine solution containing neutral litmus solution is carried out in the 
following apparatus using graphite electrodes. The colour changes of the litmus solutions 
around regions A and B were observed during the process. 
  
 

 
 

 (a) (i) With the aid of the Data Booklet, account for the colours changes observed 
around regions A and B. Include balanced equations where appropriate. 

   

Region 
Colour of litmus 

solution 
Reason 

 
 

X 
 
 

Litmus solution first 
turned red, and then 

turned colourless 

At the anode, Cl
- is 

preferentially oxidised due to 
its high concentration 
2Cl

- 
 Cl2 + 2e  

 
Next, Cl2 undergoes 
disproportionation in water  
OR 
Cl2 (g) + H2O (l)  HCl (aq) + 

HClO (aq)  
 

red, due to formation of HCl 
/HClO/H+ and colourless due 
to bleaching action of HClO  
 

 

 
 

Y 
 
 Litmus solution turned 

blue 

At the cathode, H2O is 
preferentially reduced: 
2H2O + 2e   H2 + 2OH–  
 
OR 
 
As such, blue is caused by 
OH– formed.  
 
 

 

asbestos 
diaphragm  

brine solution with neutral  
purple litmus solution 

graphite electrodes 

A B 
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  (ii) The asbestos diaphragm is a porous material that prevents the products from 
electrolysis from mixing.  
 
Write an equation to illustrate the reaction that will occur at room temperature 
when the diaphragm was removed after the electrolysis. 
 

   Cl2
 + 2NaOH  NaClO + NaCl + H2O  

  (ii) Useful chlorine-containing products such as sodium chlorate(V) and chlorine 

dioxide may be obtained from further processing of the products in (a)(ii).  
 
By considering the numbers of bonding and non–bonding electron pairs, draw 
diagrams in the boxes below to show the likely shape of ClO3

– and ClO2. 
 
In your diagrams, state the shape and clearly indicate the respective bond 
angle values.  

[6] 
 

    

chlorate (V) ion  

Cl
O

O

O

-

 

Bond angle 107o 

Shape : trigonal pyramidal 

chlorine dioxide 

   

Cl
O

O
     

Bond angle  any value  

                     104.5o <  < 120o 

Shape : bent / V–shaped 

 

    

 (b) Chlorine dioxide is an unstable gas which decomposes into chlorine gas and 
oxygen gas readily. 

  (i) Write a balanced equation for this decomposition. 

   2ClO2  Cl2 + 2O2   

  (ii) At a pressure of 1 atm and decomposition temperature of 40C, calculate the 
volume of chlorine gas formed when 150.0 g of chlorine dioxide is 
decomposed. 

    

Amount of ClO2 = 
)]0.16(25.35[

150


 = 2.22 mol 

Amount of Cl2 = )22.2(
2

1
 = 1.11 mol  

Using PV = nRT 

            V  = 
nRT

P
 = 

5

1.11 8.31 313

1.01 10

 


= 0.02859  0.0286 m3 or 28.6 dm3  

 
 

 
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  (iii) Comparing between chlorine and chlorine dioxide gas, state and explain 
which gas deviates more from ideal gas behaviour. 
 

   Chlorine dioxide gas  
 
Chlorine dioxide is polar while chlorine is non-polar.  
Hence, there are stronger permanent dipole-permanent dipole 
interactions between chlorine dioxide molecules and weaker temporary 
dipole-temporary dipole interactions between chlorine molecules.  
 
Cannot give in terms of ‘more electrons’.  
 

 (c) Molten sodium salts are used in batteries to run industrial plants due to its high 
energy density and efficiency. 
 
 

 
 
 
 

A typical sodium sulfur battery is as shown above. During the discharge phase, 
molten elemental sodium at the core serves as the anode. The sodium ions 
produced at the anode then migrates to the sulfur electrode. The discharge process 
of one such cell producing 2.00 V is represented as follows: 
 

2Na + 4S  Na2S4 
 

  (i) Using the information above, write the equation to represent the reaction 
taking place at the sulfur cathode. 

   4S + 2e  S4
2-   

 
 

  (ii) With reference to the Data Booklet, determine a value for the E of the 
reaction at the cathode. State any assumptions you make. 

   E
cell   =  E

red – E
oxid  

+2.00  = Ered – (-2.71) 

E
red = –0.71 V  
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Assumptions made: 298K (25oC)  
[Not necessary to state concentration of electrolyte (1.0 mol dm-3) and 
pressure as 1 atm because no aqueous electrolyte is used and there is no 
gas reactant involved.] 

  (iii) Using your answer in (ii), suggest a replacement half-cell for sodium metal to 
generate a higher voltage reading than 2.00 V. 

   Lithium / Barium / calcium / potassium  
(because  Eoxid for these metals are more negative than ENa+/Na. 

  (iv) Suggest one precaution to take in storing the sodium-sulfur battery. 

   As sodium is very reactive, the battery must be protected from water / air / 
oxidising atmospheres/acid  

   [Total: 20 marks] 

 

3 (a) Chromium (III) oxide was used by the Chinese in the Qin dynasty over 2,000 years 

ago to coat metal weapons found with the Terracotta Army. Chromium oxide 
is amphoteric. Although insoluble in water, it dissolves in acid.

 

 

The following shows a reaction scheme involving chromium oxide: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  (i) Identify the chromium containing species in C, D and E. 
 

    
C: [Cr(H2O)6]

3+ / [Cr(H2O)6]Cl3 

D: [Cr(NH3)6]
3+ 

E: CrO4
2- / Na2CrO4 

   

 

Cr2O3 

green 

solution 

C 

dilute HCl 

small amount 

of aqueous 

NH3 

grey -

green 

precipitate 

of Cr(OH)3  

excess 

concentrated 

NH3 

purple 

solution 

D 

aqueous 

Na2CO3 

Cr(OH)3 and 

CO2 gas 

excess 

NaOH 

Deep green 

solution of 

Na3[Cr(OH)6] 

H2O2 

yellow 

solution 

E 

http://en.wikipedia.org/wiki/Qin_dynasty
http://en.wikipedia.org/wiki/Terracotta_Army
http://en.wikipedia.org/wiki/Amphoteric
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  (ii) Explain, with the aid of equations, why the green precipitate of Cr(OH)3 
dissolved in excess concentrated ammonia to form the purple solution D.  
 

    

Cr3+ (aq) + 3OH– (aq) ⇌ Cr(OH)3 (s)  

  

[Cr(H2O)6]
3+ (aq) + 6NH3 (aq) ⇌ [Cr(NH3)6]

3+ (aq) + 6H2O (l)  
  

o When excess NH3 is added, ligand exchange / NH3 ligands displace 
H2O ligands to form the more stable purple [Cr(NH3)6]

3+ complex.  
o [Cr3+] decreases. 
o The equilibrium position in Eqn (1) shifts to the left to increase [Cr3+]. 

the green precipitate dissolves.  
 

  (ii) Construct an equation for the reaction of Na3[Cr(OH)6] with hydrogen 
peroxide to form the yellow solution E. 

    
[O]: [Cr(OH)6]

3- + 2OH- → CrO4
2- + 2H2O + 2H2O + 3e 

[R]: H2O2 + 2H2O + 2e → 2H2O + 2OH- 
 
2[Cr(OH)6]

3- + 3H2O2 → 2CrO4
2- + 2OH- + 8H2O      

 

  (ii) Explain why Cr(OH)3 and not Cr2(CO3)3 is formed when aqueous sodium 
carbonate is added to solution C. 

   [8] 

    
Cr3+ has high charge density and hence will polarise the water molecules 
to produce H+, forming an acidic solution. This solution will react with aq 
Na2CO3 through an acid-base reaction to produce CO2 gas and the hydroxide 
is formed instead of the carbonate.  
 

 (b) Two chromium(III) complexes with the formula Cr(H2O)6Cl3 can be prepared under 

various conditions. Each complex contains a cation in which the coordination 
number of chromium is 6. The amount of lead(II) chloride precipitated when 
aqueous lead(II) nitrate is added is shown in the table below: 
 

Complex Colour 

Amount (in mol) of PbCl2 

precipitated per mole of 

complex 

Presence of dipole 

moment 

F dark green 0.5 yes 

G dark green 0.5 no 

 
 

  (i) Using the results of the reaction with lead(II) nitrate, suggest the structural 
formula for the cation present in  F and G. 

    
0.5 mol of PbCl2 precipitated  
=> 1 mole of free Cl

– per mole of complex / 2 moles of Cl
– as ligand per mole 

of complex 
=> cation is [Cr(H2O)4Cl2]

+    
 

Eqn (1) 

Eqn (2) 
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  (ii) Explain the presence or absence of a dipole moment for complexes F and G 
respectively. 

   [2] 

    
The dipole moment of the 2 Cr–Cl bonds which are on the same side in F do 
not cancel each other so it has an overall dipole moment.  
 
The dipole moment of the 2 Cr–Cl bonds which are on opposite sides in G 
cancel out each other so net dipole moment is zero.     
 

 (c) Chromium, together with calcium and magnesium, are key mineral nutrients with 
nutritional influences on blood sugar.  
 

  (i) Explain why the atomic radius of calcium is larger than that of magnesium.  

   For calcium,  

 valence electrons are added to the next quantum shell. 

 The distance between the nucleus and the valence electrons is larger.  

 Electrostatic forces of attraction between the nucleus and valence 

electrons is weaker.  

 

  (ii) Explain why the reaction of calcium with hydrochloric acid is more vigorous 
than the reaction of magnesium with hydrochloric acid. 

   [3] 

    

    
Reactivity increases down the group due to the increase in reducing power 

of the metals. / Ca is a stronger reducing agent than magnesium.  

   [Total: 13 marks] 
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4 The amino acids tyrosine, lysine and glycine are constituents of many proteins. 
 

H2N CH

CH2

OH

C

O

OH

Tyrosine

H2N CH

(CH2)4

C

O

OH

NH2

Lysine

H2N CH C

O

OH

H

Glycine
 

 

 (a) State the reagents and conditions you could use to break proteins into amino acids. 
 [1] 

  HCl (aq), heat for several hours or NaOH(aq), heat for several hours  

 (b) Electrophoresis can be used to separate amino acids.  
 
Use glycine (isoelectric point = 5.97) as an example, fill in the following table explain why 
the result of electrophoresis depends on pH. [3] 

   
 
 
 

 pH < 5.97 pH = 5.97 pH > 5.97 

Structural 
formula 
 
 
 

   

Direction of 
movement 
 
 
 

 
 
 
 
 
 

  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 pH < 5.97 
(in acidic 
medium)  

At isoelectric 
point, pH = 5.97 

pH > 5.97 
(in basic 
medium) 

Structure 
+H3N C

H

H

COOH

 

+H3N C

H

H

COO-

 

H2N C

H

H

COO-

 

Direction of 
movement 
 

cathode  
(negative 
electrode) 

Stationary 
(without 

migration) 

anode 
(positive 

electrode) 
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 (c) The diagram below shows the results of electrophoresis in neutral solution. At the start of 
the experiment, a spot of solution containing a mixture of amino acids P, Q, R and S was 
placed in the middle of the plate.  

 
 
Assuming amino acids R and S carry the same charge when in this buffer solution, which 
is likely to be the larger molecule? Explain your answer. 
 [2] 

  R is the larger molecule. Given the same charge, the rate of migration is inversely 
proportional to the mass/Mr of the molecule.  

 (d) Gastrin is a hormone produced by the stomach which stimulates the release of gastric 
acid. It is a heptadecapeptide (17 amino acids) hormone. The digestion of gastrin by two 
enzymes are given below: 
 
Enzyme T: 
Glu-Glu-Glu-Glu 
Ala-Ala-Tyr-Trp-Met 
Asp-Phe 
Glu-Gly-Pro-Gly-Trp-Leu 
 
Enzyme U: 
Glu-Gly-Pro-Gly-Trp 
Ala-Tyr-Trp 
Met-Asp-Phe 
Leu-Glu-Glu-Glu-Glu-Ala 
 
State a possible primary structure of gastrin based on the information given above. 
 [2] 

    
Glu-Gly-Pro-Gly-Trp-Leu-Glu-Glu-Glu-Glu-Ala-Ala-Tyr-Trp-Met-Asp-Phe   

 (e) Enzymes are large protein molecules that adopt a highly specific three-dimensional 
structure.  
 

  (i) With reference to the R group interactions, explain how enzymes lose their 
catalytic effectiveness above 40 0C. 

    
Heating will disrupt the weak Van der Waals’ forces of attraction (and to a 
lesser extent, hydrogen bonds) holding the quaternary, tertiary and 
secondary structures, resulting in a more disordered arrangement.  
 
 
 
 
 
 

Mixture of amino acids 
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  (ii) When food enters our stomach, gastric juice containing hydrochloric acid and 
pepsin are released to aid in the digestion of proteins into short polypeptides. 
The graph below shows the variation of pepsin activity with pH: 
 
 
 
 
 
 
 
 
 
 
 
Explain the shape of the graph as fully as you can. 
 [4] 

   Pepsin is most effective at pH 2 where activity is the highest.  
At extreme pH, activity is lowered because the ionic bonds holding the 
tertiary and quaternary structures is disrupted. 
 

  (iii) The diagram below shows the reaction pathway of an enzyme-catalysed 
reaction. On the diagram, sketch the pathway if the enzyme was denatured. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    
 
 
 
 
 
 
 
 
 
 
  
 

    [Total: 12] 

 

 

Activity 

0       1       2       3       4        5     pH 

Energy 

Reaction pathway 

reactants 
products 

Energy 

Reaction pathway 

reactants 
products 
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5 Hypochlorous acid, HClO is a readily available and safe oxidising agent as compared to 

dichromates. It can be formed by treating household bleach, which contains sodium 
hypochlorite, NaClO, with acetic acid.   

 
NaClO + CH3COOH  HClO + CH3COO-Na+ 

 
Cyclohexanone can be prepared by the hypochlorite oxidation of cyclohexanol.   
 

OH HClO O HCl     H2O

 
 
Data about some compounds in the preparation are given in the table.  
 

Compound Boiling point / oC 
Density / 

g cm-3 
Mr 

Solubility in 
water 

Cyclohexanol 161.5 0.96 100 slightly soluble 

Cyclohexanone 155 0.947 98 slightly soluble 

Acetic acid 118 1.05 60 soluble 

Diethyl ether 34.6 0.714 74 insoluble 

Water 100 1.00 18 - 

 
Preparation of impure cyclohexanone 
 
1 Place 8 cm3 of cyclohexanol and 4.0 cm3 of acetic acid into a  

250 cm3 conical flask.  
 

2 Introduce a thermometer and slowly add 115 cm3 of bleach into the flask over a 
course of about 15 minutes. After the addition is complete, continue stirring for  
20 minutes.  

 
3 Test for excess hypochlorite ion in the reaction mixture using starch-iodide paper.  
 
4 Add aqueous NaOH with stirring to the reaction mixture.  

 
5 Transfer the mixture into a round-bottomed flask and collect the crude sample by 

distillation.  
 

  [2] 

 (a) In step 2, the temperature of the mixture must be kept within 40 – 50°C.  
 
Suggest a reason why the temperature cannot go below 40°C.  
 

   
Oxidation will not go to completion / rate is too slow / covalent bonds in 
organic molecules must be broken for many of their reactions to take place.  
 
 
 
 
 
 
 

  [1] 
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 (b) In step 3, a dark blue colour on the starch-iodide paper indicates the presence of 
hypochlorite ions. 
 
Construct relevant half equations and hence, write a balanced equation to account 
for this observation.  
 

  [O] 2I-  I 2 + 2e 

[R] ClO- + 2H+ + 2e  Cl
- + H2O  

 

2I - + ClO- + 2H+  I2 + Cl
- + H2O  

 

  [2] 

 (c) What is the purpose of adding sodium hydroxide in step 4.  

   
To neutralise the acetic acid/ acid.  
 

  [1] 

  

 The following flowchart shows the purification process of crude cyclohexanone collected 
in step 5.  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (d) (i) Identify the other organic compound present in the distillate collected in step 
5. 
 

   Cyclohexanol as its boiling point is close to that of cyclohexanone.  
 

  (ii) The compound from (d)(i) can be separated from cyclohexanone after 
filtration in step 9. Suggest a method for this separation. 

    
Use fractional distillation / column chromatography. 
 

   [2] 
 

Crude cyclohexanone distillate 

Discard 

aqueous layer 

 

step 6: Add saturated NaCl solution 

 
step 7: Extract with diethyl ether 

Collect filtrate 

Collect 

organic layer 

 
step 8: Add anhydrous MgSO4 

step 9: Filter 
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 (e) (i) Explain why cyclohexanone is slightly soluble in water.  

   Cyclohexanone can form some favourable hydrogen bonds with water. 
However, the presence of bulky/ large hydrophobic/ non-polar group 
makes it slightly soluble.  
 

  (ii) In step 7, diethyl ether was added to extract the organic compound from the 
aqueous layer. Explain why cyclohexanone is more soluble in diethyl ether 
than in water. 

   The presence of bulky/ large hydrophobic/ non-polar group on 
cyclohexanone will allow more favourable Van der Waals’ forces of 
attraction with diethyl ether.  
 

   [2] 

 (f) In the separation process in step 7, cyclohexanone was distributed between both 
the organic phase as well as the aqueous phase.  
 
 

Cyclohexanone (in water)          Cyclohexanone (in organic solvent) 
 
 
The ratio of the concentrations of the solute in the two solvents at equilibrium is a 
constant value called the partition coefficient, K.  
 
 

K = 
                                  

                        
 

 
The K of cyclohexanone between diethyl ether and water is 38.6 at room 
temperature.  
 

  (i) A solution containing 5.00 g of cyclohexanone in 1 dm3 of water was shaken 
with 20 cm3 of diethyl ether. The mass of cyclohexanone extracted in diethyl 
ether at equilibrium is b g. 
 
Express the concentration of cyclohexanone (in g dm-3) left in the aqueous 
layer in terms of b.   
  

    
Mass of cyclohexanone extracted by 20 cm3 of diethyl ether = (5-b) g 
 
[cyclohexanone in water] = (5- b) g dm-3  
 

  (ii) Hence, calculate the value of b, given K = 38.6 

    

K = 
                                  

                        
 = 

 

       

   

 

 = 38.6 

 
            b = 2.18 g  
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  (iii) If the extraction is done using two successive portions of 10 cm3 diethyl 
ether instead, 2.40 g of cyclohexanone will be extracted.  
 
Hence, state whether it is more efficient to use one 20 cm3 portion of diethyl 
ether or two successive portions of 10 cm3 diethyl ether for extraction.  
 

    
More efficient to use two successive portions.  
 

   [3] 

 (g) Anhydrous magnesium sulfate was used to remove an impurity in step 8. Identify 
the impurity and explain how it was removed.  
 

   
MgSO4 is able to remove water as Mg2+ has a high charge density and is 
readily hydrated / able to attract water molecules strongly / form ion-dipole 
interactions with water. The process is exothermic.  
 

 (h) Describe one simple test-tube reaction` you could carry out to distinguish 
cyclohexanol from cyclohexanone. 
 

  Test: Add 2,4-DNPH to each of the compound separately at rtp.  
 
Observations:  
Cyclohexanone: Orange ppt formed.  
Cyclohexanol: No orange ppt formed.   
 

  [2] 

  [Total: 15 marks] 

 

END OF PAPER 

 

 


