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SECTION A

Answer ALL the questions in this section.  You should aim to spend no more than 20 minutes on 
this section.  For each question, select one answer from A to D and put a cross in the box . 

If you change your mind, put a line through the box  and then mark your new answer with a 
cross .

1 An electrochemical cell consists of a standard hydrogen electrode and a Cu2+(aq)|Cu(s) 
electrode which uses copper(II) sulfate solution.  Which one of the following does not 
affect the e.m.f. of the cell?

  A The volume of the copper(II) sulfate solution.

  B The temperature.

  C The pressure of the hydrogen.

  D The concentration of the copper(II) sulfate solution.

(Total for Question 1 = 1 mark)

2 Which answer corresponds to the correct value of Ecell for the oxidation of  
hydrogen peroxide by manganate(VII) ions?  The half-reactions are

 2H+ + O2 + 2e–  H2O2 E  = + 0.68 V

MnO4
– + 8H+ + 5e–  Mn2+ + 4H2O   E  = + 1.51 V

 The overall equation is

2MnO4
– + 6H+ + 5H2O2  2Mn2+ + 8H2O + 5O2

  A Ecell = + 2.19 V

  B Ecell = – 0.83 V

  C Ecell = – 0.38 V

  D Ecell = + 0.83 V

(Total for Question 2 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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3 The transition metal complex Pt(NH3)2Cl2 exists as two geometric isomers.  This is 
because the complex

  A is square-planar.

  B is tetrahedral.

  C contains a double bond.

  D is octahedral.

(Total for Question 3 = 1 mark)

4 Hydrogen peroxide, H2O2, can be analysed by titration.  The hydrogen peroxide solution 
is treated with acidified potassium iodide solution, and the liberated iodine is titrated 
with a standard solution of sodium thiosulfate, Na2S2O3.  The products are iodide ions 
and tetrathionate ions, S4O6

2 .

 Which of the following applies to this reaction?

Action of H2O2 Action of S2O3

A oxidizing agent oxidizing agent

B oxidizing agent reducing agent

C reducing agent oxidizing agent

D reducing agent reducing agent

(Total for Question 4 = 1 mark)

5 A hydrated transition metal ion is colourless.  Which of the following could be the 
electronic configuration of this ion?

  A [Ar] 3d54s2

  B [Ar] 3d8

  C [Ar] 3d104s2

  D [Ar] 3d10

(Total for Question 5 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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6 Which of the following reagents would enable you to separate iron(III) hydroxide from a 
mixture of iron(III) hydroxide and copper(II) hydroxide?

  A Dilute hydrochloric acid

  B Aqueous ammonia

  C Dilute nitric acid

  D Sodium hydroxide solution

(Total for Question 6 = 1 mark)

7 When a solution containing 0.10 mol of chromium(III) chloride, CrCl3.6H2O, is treated 
with excess silver nitrate solution, 0.20 mol of silver chloride, AgCl, is immediately 
precipitated.  The formula of the complex ion in the solution is

  A [Cr(OH)6]3–

  B [Cr(H2O)6]3+

  C [CrCl(H2O)5]2+

  D [CrCl2(H2O)4]+

(Total for Question 7 = 1 mark)

8 Which of the following species is not able to act as a ligand in the formation of 
transition metal complexes?

  A C6H5NH2

  B NH3

  C NH2CH2CH2CH2NH2

  D NH4
+

(Total for Question 8 = 1 mark)

9 The element zinc, with electronic configuration 1s22s22p63s23p63d104s2, is not regarded 
as a transition element because

  A the oxide of zinc is amphoteric.

  B none of its ions has an unpaired electron in the d-subshell.

  C it does not readily form complex ions.

  D it has a boiling temperature low enough for it to be easily distilled.

(Total for Question 9 = 1 mark)
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10 The compounds below were heated with aqueous sodium hydroxide solution.  Which 
one of them did not give sodium ethanoate, CH3COONa, as one of the products?

  A CH3COOCH3

  B CH3COCH3

  C CH3COOH

  D CH3COCl

(Total for Question 10 = 1 mark)

11 Which of the following products is formed when phenylamine (aniline) is reacted with 
dilute sulfuric acid?

  A 

NO2

  B 

SO3H

  C 

 +       –
NH3HSO4

  D 

NH2

SO3H

(Total for Question 11 = 1 mark)

Use this space for any rough working.  Anything you write in this space will gain no credit.
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15 Which sequence shows the bases in order of decreasing strength?

  A C6H5NH2  >  CH3NH2  >  NH3

  B NH3  >  CH3NH2  >  C6H5NH2

  C CH3NH2  >  NH3  >  C6H5NH2

  D NH3  >  C6H5NH2  >  CH3NH2

(Total for Question 15 = 1 mark)

16 Bromoethane can be made by heating ethanol under reflux with 50% sulfuric acid and 
sodium bromide.  When the mixture is distilled, the products include sulfur dioxide, 
bromine, hydrogen bromide and water as well as bromoethane.

 The product mixture is shaken with sodium carbonate solution and later with anhydrous 
sodium sulfate before being re-distilled.  Which of the following shows the correct list 
of impurities removed at each step?

Aqueous sodium 
carbonate wash

Addition of sodium 
sulfate

A HBr SO2, Br2, water

B SO2, Br2 HBr, water

C SO2, HBr Br2, water

D SO2, Br2, HBr water

(Total for Question 16 = 1 mark)

17 A compound is known to have either the structure H2NCH2CH2NH2 or H2NCH2COOH.  
Which of the following tests would best distinguish between the two compounds?

  A Reaction with concentrated aqueous sodium hydroxide.

  B Reaction with nitrous acid.

  C Reaction with aqueous sodium hydrogencarbonate.

  D Reaction with ethanoyl chloride.

(Total for Question 17 = 1 mark)
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18 Poly(ethenol) is a water-soluble polymer.  A section of the chain has the structure shown 
below.

 The polymer is used for making hospital laundry bags so that laundry can be loaded 
directly into washing machines without it having to be handled.

 Poly(ethenol) is water soluble because the polymer

  A is broken down by the water into monomers.

  B is broken down by the washing detergent.

  C breaks into monomers at the temperature of the wash.

  D forms many strong hydrogen bonds with the water.

(Total for Question 18 = 1 mark)

19 Which of the following substances is capable of damaging the ozone layer?

  A NaCl

  B CO2

  C C2HF5

  D C2F3Cl3

(Total for Question 19 = 1 mark)

20 Analysis suggests that a particular organic synthesis produces a medicine that contains 
trace impurities that may be hazardous.  What is the best way for this discovery to be 
reported and evaluated?

  A In a scientific journal which subjects its articles to peer review.

  B On the Internet in an article on a website.

  C In a newspaper article in several broadsheet newspapers.

  D In a widely circulated magazine.

(Total for Question 20 = 1 mark)

TOTAL FOR SECTION A = 20 MARKS

C C C C

H H H H

H OH H OH
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SECTION B

Answer ALL the questions.  Write your answers in the spaces provided.

21 (a) Chromium is a typical transition metal, although its electronic configuration does not 
fit the general trend found in the first transition series.

  Complete the electronic configurations in s,p,d notation for vanadium and chromium.
(1)

Vanadium: [Ar]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Chromium: [Ar]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 (b) Some interconversions found in the chemistry of chromium are shown below.  Use 
this information to answer the questions that follow.

  (i) State two typical properties of transition metals, other than the formation of 
coloured ions, which are shown in the diagram above.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

[Cr(H2O)6]2+  [Cr(H2O)6]3+  CrO4
2–metal + H2SO4

step 2step 1  sky blue violet yellow

H2NCH2CH2NH2

charcoal catalyst
step 4

[Cr(H2NCH2CH2NH2)3]3+

deep blue

OH–(aq) H3O+(aq)    step 3

Cr2O7
2–

orange
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  (ii) Use E  values from your data booklet to suggest a metal that could be used for 
step 1.  Justify your answer by calculating E  for your cell.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (iii) Explain, using oxidation numbers, whether or not the conversion in step 3 is a 
redox reaction.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (iv) The organic compound H2NCH2CH2NH2 that is used in step 4 is  
1,2-diaminoethane, often called ethylenediamine.  

   It is a bidentate ligand.  Explain the meaning of this term.
(1)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

  (v) Explain, in terms of its structure, how H2NCH2CH2NH2 can act as a bidentate 
ligand whereas H2NNH2 cannot.

(2)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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 (c) The half-equations relating the interconversion of the species Cr2+(aq), Cr3+(aq) and 
Cr2O7

2–(aq) are given below.

  Half-equation I:  Cr3+(aq) + e–  Cr2+(aq)

  Half-equation II:  Cr2O7
2–(aq) + 6e– + 14H+(aq)  2Cr3+(aq) + 7H2O(l) 

  (i) Use your data booklet to find E  for each of the above half-equations.
(1)

Half-equation I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Volts

Half-equation II  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Volts

  *(ii) Write the overall equation for the disproportionation of Cr3+ into Cr2+ and  
Cr2O7

2–.

   Use the E  values you have obtained in (c)(i) to show whether or not this 
disproportionation is feasible under standard conditions.

(4)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(Total for Question 21 = 15 marks)
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