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When [Fe(CN)6]4- is added to I2, brown I2 is reduced to I-. 
 Eθ

cell = +0.18 V (Eθ
cell > 0; reaction is feasible) 

 
The oxidation of I- to brown I2 by [Fe(CN)6]3- is not feasible. 
 Eθ

cell = -0.18 V (Eθ
cell < 0; reaction is not feasible) 

 
1m for quoting all 3 correct Eθ

 from Data Booklet 
1m for each calculation of Eθ

cell to explain observation 
 

  (ii) Comment on the relative stability of the different oxidation states 
of iron in the presence of different ligands. 

   Since the Eθ (Fe3+/Fe2+) is more positive compared to the Eθ 
([Fe(CN)6]3-/[Fe(CN)6]2-), in the presence of the CN- ligand, Fe3+ is 
stabilised with respect to Fe2+. 
 
1m for complete answer 

  [5]

  

 (c) Haemoglobin (Hb) is composed of 4 polypeptide chains: two alpha chains 

and two beta chains of polypeptides. Each chain contains one haem 

group, each of which contains one iron ion. The iron is the site of oxygen 

binding; each iron can bind one O2 molecule thus each haemoglobin 

molecule is capable of binding a total of four O2 molecules. 

 

The iron–oxygen interaction is very weak; the two can easily be 

separated without damaging the haem unit or the oxygen molecule. The 

binding of an oxygen molecule to the iron in a haem unit is therefore 

completely reversible. 

  (i) Explain how O2 molecule binds to the Fe of the haem group. 

   Oxygen contains lone pairs which can coordinate to the centre Fe 
ion through coordinate (or dative) bonding. 
1m for explanation 

  (ii) Each Hb molecule has a complex quaternary structure. Briefly 
describe what this means. 

    The quaternary structure refers to the three dimensional 
structure of proteins consisting of more than one polypeptide 
chain coming together to form the complete protein. 

 The structure is stabilized by R group interactions such as 
hydrogen bonding, disulphide bridges, van der Waals’ forces 
and ionic linkages. 

 
1m for each point 
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  (iii) A haemoglobin molecule in which the iron has separated from the 
oxygen molecule is called deoxyhaemoglobin. Blood containing 
red-blood cells filled with O2 is brighter red. Suggest an 
explanation for the observation of this colour. 

   When O2 binds to Fe ion centre, the light-absorbing property of the 
heme group is changed due to the change in structure. 
Oxyhaemoglobin absorbs light in the blue-green range, and reflect 
red light. 
 
1m for correct answer 

  (iv) Haemoglobin is susceptible to denaturation. Explain the term 
denaturation as applied to proteins and state two types of R group 
interactions that can be disrupted when heat is applied to proteins. 
 

   Denaturation is a process where the original conformations of 
secondary, tertiary and quaternary structures are destroyed 
through the breaking of non-covalent interactions and disulfide 
linkages.  ; 
Van der Waals’ or hydrophobic interactions   ;  
hydrogen bonds  ; 
 

  [7]

  

 (d) Iron(II) ethanedioate, FeC2O4, reacts with manganate(VII), MnO4
–, 

forming Fe3+ and carbon dioxide. In an experiment, 0.144g of FeC2O4 

reacted with 20.0 cm3 of 0.150 mol dm-3 of MnO4
–. 

  (i) Write an ion-electron equation for the oxidation of FeC2O4 to Fe3+ 
and carbon dioxide. 

   FeC2O4    Fe3+  +  2CO2  + 3e ; 

  (ii) Determine the oxidation number of manganese in the product 
formed after the reduction of manganate(VII). 

   amount of FeC2O4 = 0.144/(55.8 + 24.0 + 64.0) = 0.001001 mol  
amount of e = 3 × 0.001001 = 0.003003 mol ; 
amount of MnO4

- = 0.020 × 0.150 = 0.00300 mol  
1 mol of MnO4

- takes in 1 mol of e ; 
oxidation no. of Mn in product = +7 – 1 = +6 ; 
 

  [4]

  [Total: 20]

 

 

2. (a) Malic acid is an organic dicarboxylic acid found in wines, sour apples and 

some other fruits. Malic acid has two stereoisomeric forms as shown 
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C CH2C

O

H

O

OH
HCN, trace NaCN or NaOH

10 - 20oC
C CH2CH

O

OH

OH

C N

C CH2CH

O

OH

OH

C

OH

O

dil H2SO4

heat

1m for each set of reagents and conditions 
1m for intermediate 

  [8]

   

 (b) A student carried out an experiment to investigate the rate of reaction 

between sodium and malic acid. A freshly cut piece of sodium weighing 

0.0690 g was added to a large excess of malic acid. 

The volume of gas evolved was measured at room temperature and 

pressure over a 30-min time interval. The following results were obtained. 

 

Time /min 0 5 10 15 20 25 30 

Volume of gas /cm3 0.0 8.5 15.0 20.5 25.0 27.5 31.0 

 

 

  (i) Write a balanced equation for the reaction between sodium and 
malic acid. 

   (COOH)CH(OH)CH2COOH + 3Na    
(COO-Na+)CH(O-Na+)CH2COO-Na+  +  3/2 H2   ; 

  (ii) Calculate the maximum volume of gas evolved at room 
temperature and pressure if the reaction goes to completion. 

   amount of Na = 0.0690/23 = 0.00300mol 
amount of H2 = 0.00300/2 = 0.00150 mol 
vol of H2 = 0.00150(24) = 0.036 dm3 = 36.0 cm3  ; 

  (iii) What do you understand by the term order of reaction? 

   The order of reaction is defined as the power to which the 
concentration of the reactant is raised to in the experimentally 
determined rate equation. ; 

  (iv) Using the graphical method, show that the overall kinetics of the 
reaction is first order. 
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Time / min

Vo
lu

m
e 

of
 H

   
ev

ol
ve

d 
/ c

m
2

3

t    10.5 min½ ≈ t    10 min½ ≈

 
 
1m Graph correctly plotted with labeled axes 
1m to show 2 half lives on graph 
1m to conclude that since half lives are constant, first order 

  (v) In this experiment, the kinetics appears to be zero order with 
respect to malic acid initially. Suggest a reason for this. 

   malic acid is in large excess, hence the change in its 
concentration is negligible. Therefore its concentration does not 
seem to affect the rate. ; 
 

  [7]

   

 (c) 4-aminobutanoic acid, also known as GABA, can also be synthesised 

from 3-oxopropanoic acid in a few steps. 

CH2CH2C

O

OHCH2NH2

GABA
	

The two pKa values associated with 4-aminobutanoic acid are 4.23 and 

10.43. 

A sample of GABA requires 20 cm3 of 1.0 mol dm–3 NaOH for complete 

neutralisation. The following diagram is a titration curve, showing how the 

pH of GABA changes with volume of NaOH added. 

 

 

 

pH 

Z
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  (i) Draw the structures of the predominant species of GABA at X, Y 
and Z. 

   X: H3N+CH2CH2CH2COOH 
Y: H3N+CH2CH2CH2COO–  
Z: H2N CH2CH2CH2COO–   
1m each structure 

  (ii) State the pH and the volume of NaOH added when Y and Z are 
equimolar. 

   pH = 10.43  ; 
vol = 15 cm3  ; 

  [5]

  [Total: 20]

 

3. (a) Calcium is a mineral that is found naturally in foods. Calcium is necessary 

for many normal functions of the body, especially bone formation and 

maintenance. 

Calcium sulphate, CaSO4, is a salt of calcium. It is used as a coagulant in 

products like tofu. 

  (i) Draw the dot-and-cross diagram to show the bonding in sulfate 
ion. State the shape and the bond angle. 
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1m for dot-cross 
1m for both bond angle and shape 

  (ii) Using the following data, construct an energy level diagram to 
calculate the enthalpy change of solution of CaSO4. 
Include state symbols in your diagram. 
 

enthalpy change of hydration of calcium ion – 1562 kJ mol-1 

enthalpy change of hydration of sulfate ion – 1166 kJ mol-1 

lattice energy of calcium sulfate – 2710 kJ mol-1 

    

   

 
∆Hsoln = -(-2710) + (-1562) + (-1166) = -18.0 kJ mol-1 
1m for each step of the energy level diagram (total 3m) 
1m for answer + units 

  (iii) Hence predict whether CaSO4 becomes more or less soluble 
when temperature increases. Explain your answer.  

   CaSO4(s)   Ca2+(aq)  +  SO4
2-(aq) 

When temperature increases,  
 the position of equilibrium will shift to the left to reduce the 

temperature  
 by favouring the endothermic reaction. 
 CaSO4 becomes less soluble 

 
1m for each point. 

  [9]

  

 (b) Calcium sulfate is a component of the grout used in between the tiles in 

swimming pools. Calcium chloride is added into swimming pools to 

prevent calcium sulfate in the grout from dissolving. 

The solubility product of CaSO4 at 25°C is 2.4 × 10-5 mol2 dm-6. 

 

  (i) Write an expression for the solubility product, Ksp, of CaSO4. 

CaSO4(s)

Ca2+(g)	+	SO42‐(g)

Ca
2+

(aq) + SO4

2-
(aq) ∆Hsoln

-2710 
-1562 + (-1166)

Energy / kJ mol-1
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   Ksp = [Ca2+][SO4
2-]    ; 

  (ii) If 5.555 kg of calcium chloride was added to a wading pool 
containing 3000 dm3 of water, calculate the maximum 
concentration of sulfate ions in the water. 

   amount of CaCl2 = 5555 / (40.1+71) = 50.0 mol  ; 
[Ca2+] = 50.0 / 3000  = 0.01667 mol dm-3   ; 
[SO4

2-] = Ksp / [Ca2+] = 0.00144 mol dm-3    (3 sf) ; 
 

  (iii) Explain qualitatively how the added calcium chloride helps to 
prevent calcium sulfate in the grout from dissolving. 

   CaSO4(s)     Ca2+(aq) +  SO4
2-(aq) 

CaCl2(s)   Ca2+(aq)  +  2Cl-(aq) 
 CaCl2 dissolves in water to give Ca2+ ions, increasing 

[Ca2+]. 
 Equilibrium will shift to the left to reduce the concentration 

of Ca2+ hence making CaSO4 less soluble. 
1m for each point 
No credit for stating ‘Common Ion Effect’ only 

    

  [6]

  

 (c) Calcium iodate(V) is another calcium salt with the formula Ca(IO3)2.  

At high temperatures, solid calcium iodate(V) undergoes decomposition 

to form a white solid, violet vapour and a colourless gas which relights a 

glowing splint. 

  (i) Construct a balanced equation, with state symbols, for the 
decomposition process. 

   Ca(IO3)2 (s)   CaO(s) + I2(g) + 5/2 O2(g)   ; 

  (ii) Describe and explain how the thermal stabilities of the Group II 
iodate(V) vary down the group. 

   Going down the group 
 charge density decreases 

polarizing power of metal ion decreases 
 electron cloud of iodate(V) is less distorted 

thermal stability increases 
1m each point 

  (iii) Predict the relative thermal stability of calcium chlorate(V) 
compared to calcium iodate(V). Explain your answer. 

   Calcium chlorate(V) is more stable. ; 
Chlorate(V) ion is smaller in size hence less easily distorted. ; 

  [5]

  [Total: 20]
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5. (a) X and Y were mixed in a closed vessel and the whole system was 

allowed to reach equilibrium, as shown in the following equation: 

X (g)  +  Y (g)                   2Z (g)              H < 0      
The concentrations of all gases were measured at one-minute intervals 

and the operating conditions were altered at the 4th and the 7th minute. 

The effects are shown in the graph below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  (i) Write an expression for the equilibrium constant, KC, and hence 

calculate its value at the 3rd minute. 

   

]][[

][ 2

YX

Z
Kc    ; 

KC = 400.0
)05.0)(08.0(

04.0 2

   ; 

  (ii) Suggest the change that could have occurred at the: 

   I 4th minute 

    0.05 mol of Y was added  ; 

   II 7th minute 

    The pressure of the system was halved / The volume of the 

vessel was doubled.  ; 

  [4]

co
nc

en
tra

tio
n 

/ m
ol

 d
m

-3
 

0.10 

0.09 

0.08 

0.07 

0.06 

0.05 

0.04 

0.03 

0.02 

0.01 

0 
0 1 2 3 4 5 6 7 8 9 10 

time / min 

[X] 
[X] 

[Y] 

[Y] 

[Z] 

[Z] 
[Y] 
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 (b) A current of 300 A was passed through molten potassium bromide for 40 

min at 450K and 1.21 x 105 Pa. A gaseous product was obtained at one 

of the electrodes.          

  (i) Write the equations of the reactions occurring at the anode and 

the cathode. 

   anode: 2Br–   Br2  +  2e 

cathode: K+  +  e    K 

1m for both equations 

  (ii) Determine the volume of the gas produced. 

   Q = 300 x 40 x 60 = 720000 C   ; 

             
amount of electron = 720000 =  7.461 mol      
                                    96500 
              

Amount of Br2 = 7.461/2 = 3.731 mol    ;       

pV=nRT  ,        1.21 x 105 x V = 3.731 x 8.314 x 450    

 V =  3.731 x 8.314 x 450 =    0.115 m3          ; 

                1.21 x 105 

 

  (iii) 
 

The gas produced was reacted with propene. Outline the 

mechanism of the reaction. 

  H
C

CH3

CH2

Br Br
d+ d-

slow
H

C
+

CH3

CH2Br

+      :Br -
CH

CH3

Br

CH2Br
	

1m for arrows + partial charges 

1m for rds + intermediate + product (Markovnikov’s rule) 

  (iv) 
 

The gas produced also reacts with phenylmethanol under different 

conditions to yield different products. Phenylmethanol has the 

following structure. 

phenylmethanol

C OH

H

H

 
Draw the structure of the product when the reaction takes place 

862



15	
	

under the following conditions: 

   I   in the presence of sunlight 

   

C OHH

Br

; 

   II  in the presence of iron 

   

C OHH

H

Br
or

C OHH

H

Br ; 

  [8]

  

 (c) Compound C, C5H9OCl, does not react with thionyl chloride but forms an 

orange precipitate with 2,4-dinitrophenylhydrazine. When refluxed with 

hot aqueous potassium hydroxide, C forms D, C5H10O2.  

 

D does not form any yellow precipitate with alkaline iodine solution.  

When treated with acidified potassium dichromate(VI), D gives compound 

E.  

In the presence of hot concentrated sulfuric acid, E forms a sweet-

smelling liquid, F, C10H16O4.  

 

Suggest the structural formulae of compounds C to F, explaining the 

chemistry involved. 

  [8]

  Observations Deductions 

 C does not react with 

thionyl chloride, but forms 

an orange precipitate with 

2,4-DNPH. 

 It does not contain an alcohol 

functional group but contains 

a carbonyl functional group.  

 C reacts with KOH (aq) to  C undergoes nucleophilic 
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form D. substitution to form alcohol D.  

 D does not undergo 

positive iodoform test. 

 It does not have the 

CH3CH(OH)- or CH3CO- 

structure.  

 D reacts with potassium 

dichromate to give E. 

 D is oxidized to form 

compound E which is likely to 

be a carboxylic acid. 

 E reacts with concentrated 

sulfuric acid to give F. 

 E undergoes esterification /F 

contains the ester linkage.  

 This suggests that 1 molecule 

of E contains –OH alcohol 

group and –COOH group.  

 

Deductions : 6 marks  (max 4m) 

Structures: (1 mark per correct structure) 

C 

H3C C CH2

Cl

CH3

C H

O

 

E 

H3C C CH2

CH3

C OH

OOH

 
D 

H3C C CH2

CH3

C H

OOH

	
  

F 

H3C C CH2

CH3

C O

O O

CO CH2 C

CH3

CH3

 
 

  

  [Total: 20]
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