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Answer ALL questions in the spaces provided.

1. (a) Complete the electronic configurations for:

(i) a nickel atom;

1s2 ...............................................................................................................................

(1)

(ii) a Ni2+ ion.

1s2 ................................................................................................................................

(1)

(b) Draw the ion hexaaqua nickel(II), [Ni(H2O)6]
2+, so as to clearly show its shape.

Label on your diagram each type of bond present.

(3)

(c) If ammonia solution is added slowly to an aqueous solution containing nickel(II) ions, a

pale green precipitate initially forms.  This dissolves to give a blue solution in excess

ammonia.

(i) Give the formula of the pale green precipitate.

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

(1)

(ii) State the type of reaction occurring when ammonia solution is added as in (i) and

explain the formation of the precipitate.

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

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

(2)

(iii) Explain what occurs when excess ammonia is added.

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

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

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

(2)

(Total 10 marks)

Leave
blank
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2. Consider the reaction scheme shown below, which starts with phenylethene.

(a) (i) State the conditions under which hydrogen bromide could react with phenylethene.

Give the structural formula of the major product.

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

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

(3)

(ii) Give the mechanism for the reaction of hydrogen bromide with phenylethene.  You

may represent phenylethene as RCH=CH2.

(3)

(iii) State why one isomer is the major product in the reaction in (i).

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

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

(1)

Leave
blank
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C6H5CH=CH2

(i) KMnO4/NaOH heat

(ii) HCl(aq)

C7H6O2

C

C8H9OH

B

C8H9Br

A

HBr



(b) B is a secondary alcohol.

(i) What type of reaction is occurring in the conversion of A to B?

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

(1)

(ii) Give the structural formula for C.

(1)

(iii) In the production of C from B, acidification of the reaction mixture is needed.

Why is this?

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

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

(1)

(Total 10 marks)

Leave
blank
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3. In an acidic solution, propanone reacts with iodine as follows:

CH3COCH3 + I2 → CH3COCH2I + HI

The rate of this reaction can be followed by removing portions of the reaction mixture at

known times, adding them to a solution of sodium hydrogen carbonate to stop the reaction

and then titrating the mixture with standard sodium thiosulphate solution.

(a) (i) Write the ionic equation for the reaction of thiosulphate ions with iodine in aqueous

solution.

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

(2)

(ii) State which indicator is used in this titration, and describe what you would see at the

end point.

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

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

(2)

(b) Use the following data to deduce the rate equation for the reaction of propanone with

iodine in acidic solution, given that the order with respect to [H+] is one.

(3)

Leave
blank
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[CH3COCH3]

/mol dm–3

Initial rate

/mol dm–3 s–1

1.0 0.10

[I2]

/mol dm–3

3.2 × 10–3

1.0 0.20 3.2 × 10–3

2.0 0.10 6.4 × 10–3



(c) What is meant by:

(i) order of reaction with respect to a particular reactant

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

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

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

(1)

(ii) overall order of reaction.

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

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

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

(1)

(d) What does the rate equation in (b) tell you about the involvement of iodine in the 

rate-determining step, and hence about the least number of steps in the reaction?

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

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

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

(2)

(e) Sodium hydroxide cannot be used to stop the reaction, because very alkaline conditions

cause another reaction to occur between propanone and iodine.

Write the equation for this reaction.

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

(3)

(Total 14 marks)

Leave
blank
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4. The concentration of iron(II) ions in a solution can be found by titration with standard

potassium manganate(VII) solution.  In the reaction iron(II) ions are oxidised to iron(III)

ions.

If a solution contains both iron(II) and iron(III) ions, the concentration of each ion can be

found by: 

titrating samples of the original solution with standard potassium manganate(VII) solution

reacting samples of the original solution with zinc and dilute sulphuric acid and then

titrating with the same potassium manganate(VII) solution.

The following standard electrode potentials are required:

E /V

Zn2+ + 2e–
� Zn – 0.76

Fe2+ + 2e–
� Fe – 0.44

Fe3+ + e–
� Fe2+ + 0.77

MnO4
– + 8H+ + 5e–

� Mn2+ + 4H2O + 1.51

(a) (i) Use suitable E values to show that both iron(II) and iron(III) ions in solution

should react with zinc to give iron metal.

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

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

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

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

(3)

(ii) In practice the reaction produces only iron(II) ions and no iron metal.

2Fe3+ + Zn → 2Fe2+ + Zn2+

Suggest a reason for this.

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

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

(1)

�—

�—

Leave
blank
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(b) (i) Derive the ionic equation for the reaction between iron(II) ions and manganate(VII),

MnO4
–, ions.

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

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

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

(2)

(ii) State what you would see as iron(II) ions in solution are titrated with potassium

manganate(VII).  How would you detect the endpoint of the titration?

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

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

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

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

(3)

(c) A solution containing both iron(II) and iron(III) ions was titrated with 0.0200 mol dm–3

potassium manganate(VII) solution, 18.20 cm3 being required.

Another portion of the same volume of the same solution was reacted with zinc, and then

titrated with the same potassium manganate(VII) solution; 25.30 cm3 was required.

What mass of zinc had reacted?

(5)

Leave
blank
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(d) (i) Explain, including an equation, why aqueous solutions of hexaaqua ions such as

[Fe(H2O)6]
2+ are acidic.

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

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

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

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

(3)

(ii) Suggest with reasons which of 0.1 mol dm–3 aqueous solutions of [Fe(H2O)6]
2+ and

[Fe(H2O)6]
3+ would be the more acidic.

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

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

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

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

(3)

(Total 20 marks)

Leave
blank
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5. Carvone is an essential oil found as two enantiomers in nature; one enantiomer is found in

caraway seed oil, the other in spearmint oil.  The structural formula is:

(a) (i) On the formula above, show with an asterisk (*) the chiral centre in carvone.

(1)

(ii) Each of the enantiometers of carvone is optically active.  State how such activity is

detected.

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

(1)

(b) Give a test and the observed result to show that carvone is a carbonyl compound and a

further test to show it is not an aldehyde.

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

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

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

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

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

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

(4)

Leave
blank
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CH3

CH3

O

CH

C

CH2

C

HC

CH2

C

CH2



(c) In a particular preparation carvone was reduced with hydrogen and a platinum catalyst;

2.70 g of carvone reacted with 864 cm3 of hydrogen.  Calculate the reacting mole ratio

of carvone to hydrogen and hence give, with reasons, the structural formula of the

reduction product.

(The molar mass of carvone is 150 g mol–1; 1 mol of gas occupies 24 dm3 under the

conditions of the experiment.)

(5)

(d) A different reducing agent, lithium tetrahydridoaluminate(III), LiAlH4, gives compound

Z from carvone. Z has the structure

(i) State the conditions used for reduction using LiAlH4.

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

(2)

(ii) Suggest why LiAlH4 reduces the C=O bond but not the C=C bond.

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

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

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

(2)

Leave
blank
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C

OH

CH

CH2
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CH



(iii) The infra-red spectra of carvone and of Z, together with a table of absorption

frequencies for specified bonds are shown below.

Infra-red spectrum of carvone

Infra-red spectrum of Z

Table of infra-red absorption frequencies for specified bonds

Leave
blank
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Bond Assignment Wavenumbers/cm–1

C–H
alkanes

alkenes, arenes

2850–2950

3000–3100

C=O aldehydes, ketones, esters, carboxylic acids 1680–1750

O–H

free

hydrogen bonded in alcohols or phenols

hydrogen bonded in carboxylic acids

3580–3670

3230–3550

2500–3300

Wavenumber (cm-1)

T
ra

n
sm

it
ta

n
ce

 (
%

)

Wavenumber (cm-1)

T
ra

n
sm

it
ta

n
ce

 (
%

)

100

100

50

0

4000 3000 2000 1500 1000 500

50

0

4000 3000 2000 1500 1000 500



Use evidence from the spectra to show that carvone has been reduced.

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

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

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

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

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

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

(3)

(e) Z, which is an alcohol, could be converted into the phenol

Phenols and alcohols have some reactions in common and some that are different.  

Name a reagent that reacts with phenols and with alcohols in a different manner. 

Write equations for any reactions that occur between your chosen reagent and phenol and

ethanol. If there is no reaction with one or other hydroxy compound you must say so.

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

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

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

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

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

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

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

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

(3)

(Total 21 marks)

TOTAL FOR PAPER: 75 MARKS

END

Leave
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