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SECTION   A

Answer all questions in the spaces provided.
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1 Consider the reaction scheme below and answer the questions which follow.

(a) A redox reaction occurs when Cu(NO3)2 is decomposed by heat. Deduce the oxidation
state of nitrogen in Cu(NO3)2 and in NO2 and identify the product formed by oxidation
in this decomposition.

Oxidation state of nitrogen in Cu(NO3)2 .................................................................................

Oxidation state of nitrogen in NO2 ...........................................................................................

Oxidation product ......................................................................................................................
(3 marks)

(b) Identify and state the shape of the copper-containing species present in solution A.

Copper-containing species .........................................................................................................

Shape ............................................................................................................................................
(2 marks)

2Cu(NO3)2(s)

Solution A

A few drops
of NH3(aq)

2CuO(s)  +  4NO2(g)  +  O2(g)

Solution D

[CuCl4]3–

Heat

An excess
of water

Pale blue precipitate B

An excess
of NH3(aq)

Solution C

An excess of 
concentrated
HCl(aq)

Heat with
copper metal
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Table 1
Proton n.m.r chemical shift data

Type of proton δ/ppm

RCH3 0.7–1.2

R2CH2 1.2–1.4

R3CH 1.4–1.6

RCOCH3 2.1–2.6

ROCH3 3.1–3.9

RCOOCH3 3.7–4.1

ROH 0.5–5.0

Table 2
Infra-red absorption data

Bond Wavenumber/cm–1

C—H 2850–3300

C—C 750–1100

C    C 1620–1680

C    O 1680–1750

C—O 1000–1300

O—H (alcohols) 3230–3550

O—H (acids) 2500–3000
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(c) (i) Identify the pale blue precipitate B and write an equation, or equations, to show
how B is formed from the copper-containing species in solution A.

Identity of precipitate B ...................................................................................................

Equation(s) .......................................................................................................................

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

(ii) In what way does the NH3 behave as a Brønsted–Lowry base?

.............................................................................................................................................
(3 marks)

(d) (i) Identify the copper-containing species present in solution C. State the colour of
this copper-containing species and write an equation for its formation from
precipitate B.

Identity ...............................................................................................................................

Colour ................................................................................................................................

Equation ............................................................................................................................

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

(ii) In what way does the NH3 behave as a Lewis base?

.............................................................................................................................................
(4 marks)

(e) Identify the copper-containing species present in solution D. State the colour and shape
of this copper-containing species.

Identity .........................................................................................................................................

Colour ..........................................................................................................................................

Shape ............................................................................................................................................
(3 marks)

(f) The oxidation state of copper in [CuCl4]3– is +1.

(i) Give the electron arrangement of a Cu+ ion.

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

(ii) Deduce the role of copper metal in the formation of [CuCl4]3– from the
copper-containing species in solution D.

.............................................................................................................................................
(2 marks)

Turn over �
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2 The pH curve shown below was obtained when a 0.150moldm–3 solution of sodium hydroxide
was added to 25.0cm3 of an aqueous solution of a weak monoprotic acid, HA.

(a) Use the information given to calculate the concentration of the acid.

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

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

.......................................................................................................................................................
(2 marks)

(b) (i) Write an expression for the acid dissociation constant, Ka, for HA.

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

(ii) Write an expression for pKa

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

(iii) Using your answers to parts (b)(i) and (b)(ii), show that when sufficient sodium
hydroxide has been added to neutralise half of the acid,

pH of the solution = pKa for the acid HA

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

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

.............................................................................................................................................
(4 marks)

0
18.2

Volume of 0.150 mol dm–3 NaOH added/cm3

2

4

6

8

10

12

pH 14
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(c) Explain why dilution with a small volume of water does not affect the pH of a buffer
solution.

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

.......................................................................................................................................................
(2 marks)

(d) (i) Calculate the change in pH when 0.250 mol dm–3 hydrochloric acid is diluted with
water to produce 0.150moldm–3 hydrochloric acid.

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

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

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

(ii) Calculate the volume of water which must be added to 30.0 cm3 of 0.250 mol dm–3

hydrochloric acid in order to reduce its concentration to 0.150moldm–3.

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

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

.............................................................................................................................................
(4 marks)

TURN  OVER  FOR  THE  NEXT  QUESTION

Turn over �
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3 (a) (i) The addition of aqueous silver nitrate, followed by concentrated aqueous
ammonia, can be used to distinguish between separate aqueous solutions of
sodium bromide and sodium iodide.
Record what is observed in the table below.

(ii) Explain why it is not possible to distinguish between separate solutions of sodium
nitrate and sodium fluoride by the addition of silver nitrate solution.

.............................................................................................................................................
(5 marks)

(b) When aqueous sodium thiosulphate is added to solid silver bromide a reaction occurs
and a colourless solution is formed.

(i) Identify the silver-containing species present in the colourless solution.

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

(ii) Write an equation for this reaction.

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

(iii) Give one use of this reaction.

.............................................................................................................................................
(3 marks)

The addition
followed by 

the addition of
of AgNO3(aq) concentrated NH3(aq)

Observation with
NaBr(aq)

Observation with
NaI(aq)
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(c) Aqueous silver nitrate can be used to distinguish between chloroethanoic acid and
ethanoyl chloride.

(i) Draw the structure of ethanoyl chloride. Predict what, if anything, you would
observe when ethanoyl chloride is added to aqueous silver nitrate.

Structure of ethanoyl chloride

Observation .......................................................................................................................

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

(ii) Draw the structure of chloroethanoic acid. Predict what, if anything, you would
observe when chloroethanoic acid is added to aqueous silver nitrate.

Structure of chloroethanoic acid

Observation .......................................................................................................................

.............................................................................................................................................
(4 marks)

(d) (i) Tollens’ reagent is formed by the addition of aqueous ammonia to aqueous silver
nitrate. Identify the silver-containing complex present in Tollens’ reagent and
state its shape.

Silver-containing complex ...............................................................................................

Shape .................................................................................................................................

(ii) Draw the structure of methanoic acid. By reference to this structure, suggest why
a silver mirror is formed when this acid reacts with Tollens’ reagent.

Structure ............................................................................................................................

Explanation .......................................................................................................................

(iii) Deduce the identity of a carbon-containing species formed when methanoic acid
reacts with Tollens’ reagent.

.............................................................................................................................................
(5 marks)

Turn over �
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4 Where appropriate, use the standard electrode potential data in the table below to answer the
questions which follow.

(a) From the table above select the species which is the most powerful reducing agent.

.......................................................................................................................................................
(1 mark)

(b) From the table above select

(i) a species which, in acidic solution, will reduce VO+
2(aq) to VO2+(aq) but will not

reduce VO2+(aq) to V3+(aq),

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

(ii) a species which, in acidic solution, will oxidise VO2+(aq) to VO+
2(aq).

.............................................................................................................................................
(2 marks)

(c) The cell represented below was set up under standard conditions.

Pt|Fe2+(aq), Fe3+(aq)||Tl3+(aq),Tl+(aq)|Pt        Cell e.m.f. = + 0.48 V

(i) Deduce the standard electrode potential for the following half-reaction.

Tl3+(aq)  +  2e– → Tl+(aq)

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

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

(ii) Write an equation for the spontaneous cell reaction.

.............................................................................................................................................
(3 marks)

APW/0205/CHM5
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E  /V

Zn2+(aq)  +  2e– → Zn(s) –0.76

V3+(aq)  +  e– → V2+(aq) –0.26

SO2
4
–(aq)  +  2H+(aq)  +  2e– → SO2

3
–(aq)  +  H2O(l) +0.17

VO2+(aq)  +  2H+(aq)  +  e– → V3+(aq)  +  H2O(l) +0.34

Fe3+(aq)  +  e– → Fe2+(aq) +0.77

VO+
2(aq)  +  2H+(aq)  +  e– → VO2+(aq)  +  H2O(l) +1.00

Cl2(aq)  +  2e– → 2Cl–(aq) +1.36

CHM5 p. 1-20  13/12/04  10:02 am  Page 10
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(d) After acidification, 25.0 cm3 of a solution of hydrogen peroxide reacted exactly with
16.2 cm3 of a 0.0200 mol dm–3 solution of potassium manganate(VII). The overall
equation for the reaction is given below.

2MnO–
4 +  6H+ +  5H2O2 → 2Mn2+ +  8H2O  +  5O2

(i) Use the equation for this reaction to determine the concentration, in gdm–3, of the
hydrogen peroxide solution.

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

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

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

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

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

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

(ii) Calculate the maximum volume of oxygen, measured at a pressure of 98 kPa and
a temperature of 298K, which would be evolved in this reaction.

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

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

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

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

.............................................................................................................................................
(8 marks)
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SECTION   B

Detach this perforated sheet.
Answer all questions in the space provided on pages 15 to 20 of this booklet.

5 (a) State and explain the effect of a catalyst on the rate and on the equilibrium yield in a
reversible reaction. (5 marks)

(b) Explain the terms heterogeneous and active sites as applied to a catalyst. Give two
reasons why a ceramic support is used for the catalyst in catalytic converters in cars.
Explain how lead poisons this catalyst. (7 marks)

(c) In aqueous solution, Fe2+ ions act as a homogeneous catalyst in the reaction between
I– and S2O8

2– ions. Give one reason why the reaction is slow in the absence of a catalyst.
Write equations to show how Fe2+ ions act as a catalyst for this reaction. (5 marks)

6 Most elements can be extracted from one of their naturally-occurring compounds by one of
the following methods:

electrolysis of a molten chloride or oxide
reduction of the oxide with carbon
displacement of the element from its compound by a more reactive element.

(a) Aluminium is extracted by the electrolysis of aluminium oxide which has been dissolved
in molten cryolite.
Suggest why aluminium is not extracted by electrolysis of aluminium chloride.

(2 marks)

(b) Use the information given below to calculate the minimum temperature at which the
following carbon reduction process is feasible.

Al2O3(s)  +  3C(s)  → 2Al(s)  +  3CO(g)

(8 marks)

(c) (i) State why fluorine cannot be prepared by displacement from one of its compounds
by another halogen.

(ii) Identify a fluorine-containing product formed when solid sodium fluoride reacts
with concentrated sulphuric acid. Write an equation for the reaction which occurs.

(3 marks)

Al2O3(s) Al(s) CO(g) C(s)

∆Hf /kJ mol–1 –1676 0 –111 0

S /JK–1 mol–1 51 28 198 6
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7 (a) By a consideration of the structure of and the bonding in each compound, explain why
magnesium chloride has a high melting point and why silicon(IV) chloride has a low
boiling point. (6 marks)

(b) State what is observed when separate samples of sodium oxide and phosphorus(V)
oxide are added to water. Write equations for the reactions which occur and, in each
case, state the approximate pH of the solution formed. (6 marks)

8 (a) Identify a reagent which reacts with ethanal by a nucleophilic addition reaction to form
a racemic mixture. Write an equation for the reaction occurring. Explain why a racemic
mixture is obtained. (4 marks)

(b) Identify a reagent which undergoes an addition reaction with propene to form a mixture
of isomers. Outline a mechanism for the reaction occurring. Explain why isomers are
obtained. (7 marks)

(c) Identify a reagent which reacts with 2-bromobutane to form a mixture of isomers by an
elimination reaction. Outline a mechanism for this reaction, and draw the structures of
the isomers obtained. (7 marks)

END  OF  QUESTIONS
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