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1 The enthalpy change for the reaction between zinc and copper(II) sulfate solution 
was determined using the method below.

 1. Weigh 2.50 g of zinc powder.
 2. Measure 25 cm3 of 0.50 mol dm3 copper(II) sulfate solution using a measuring 

cylinder and transfer the solution into a polystyrene cup.
 3. Stir the solution continuously with a thermometer and record the temperature of 

the solution at 1 minute intervals up to 3 minutes.
 4. At exactly 3.5 minutes add the zinc powder to the copper(II) sulfate solution.
 5. Continue to stir the solution and record the temperature each minute from 

4 to 10 minutes.

 The results obtained are shown on the graph below. Two straight lines of best fit 
have been drawn on the graph, one from 0.0 to 3.5 minutes and the other from 5.0
to 10.0 minutes extrapolating back to 3.5 minutes.
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(a) Use the lines of best fit to determine the temperature change, T, at 3.5 minutes.

Answer            [2]

(b) (i) Use the answer from (a) to calculate the heat produced in the reaction in kJ.
Give your answer to 2 decimal places.

Answer            kJ [2]

  (ii) State two assumptions you made when carrying out the calculation in (b)(i).

[2]

(c) The 2.50 g of zinc powder is an excess.

  (i) The ionic equation for the reaction is given below. Add state symbols to 
this ionic equation.

  Zn      Cu2     →   Zn2      Cu
[1]

  (ii) Calculate the number of moles of copper(II) sulfate in 25 cm3 of the solution.

Answer            [1]

The density of the solution is 1 g cm−3 (so 25 cm3 has a mass

of 25 g).

The specific heat capacity of the solution is 4.2 J g−1 K−1 (the

same as water).

ΔT = 43.5 − 18.0 = 25.5 °C
25.5 °C

heat = m c ΔT = 25 × 4.2 × 25.5

       = 2677.5 J

       = 2.6775 kJ

2.68

(s) (aq) (aq) (s)

moles = 25 × 0.50 ÷ 1000
0.0125 mol
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  (iii) Calculate the minimum mass of zinc powder required to react with the 
copper(II) sulfate solution.

Answer            [1]

  (iv) Use your answers to (b)(i) and (c)(ii) to calculate the enthalpy change for 
the reaction in kJ mol1. Give your answer to 2 significant figures.

Answer            kJ mol1 [3]

  (v) Describe how the presence of sulfate ions in the solution could be 
confirmed.

[2]

(d) State the flame test colour for copper(II) ions.

[1]

Add a few drops of dilute hydrochloric acid, then barium chloride

solution.

A white precipitate (of barium sulfate) forms, confirming sulfate

ions.

Blue-green

mass Zn = 0.0125 × 65
0.8125 g

ΔH = − heat ÷ moles = − 2.68 ÷ 0.0125

     = − 214.4 kJ mol−1

     = − 210 kJ mol−1 (2 s.f.)

− 210
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2 The halogenoalkane 2-chloro-2-methylpropane may be prepared by the reaction 
between 2-methylpropan-2-ol and concentrated hydrochloric acid.

H2OHCI → 

CH3

CH3

CH3C OH

CH3

CH3

CH3C CI

 The steps of a method are:

1. Measure approximately 6.5 cm3 of 2-methylpropan-2-ol using a measuring 
cylinder. Record the mass of the measuring cylinder and the alcohol.

 2. Transfer the alcohol into a separating funnel and record the mass of the 
measuring cylinder after transfer.

  Mass of measuring cylinder and alcohol  157.55 g 
  Mass of measuring cylinder after transfer  152.45 g

 3. Measure approximately 20 cm3 (an excess) of concentrated hydrochloric acid 
using a measuring cylinder and gradually add the acid to the 

  2-methylpropan-2-ol in the separating funnel.  
 4. Stopper the funnel and shake the mixture periodically over the next 15 minutes.  
 5. Allow the mixture to stand until two layers appear, remove the stopper and 

separate the layers. Discard the aqueous layer.
 6. Slowly add 10 cm3 of sodium hydrogencarbonate solution to the crude 
  2-chloro-2-methylpropane in the separating funnel. Stopper the funnel and 

shake the contents gently, inverting the funnel and opening the tap periodically.  
 7. Repeat the washing with sodium hydrogencarbonate solution until no more gas 

is given off.  
 8. Allow the layers to separate, run off and discard the aqueous layer and then run 

the crude 2-chloro-2-methylpropane into a clean conical flask.  
 9. To the liquid in the flask, add small amounts of anhydrous sodium sulfate and 

swirl after each addition. Remove the solid sodium sulfate.
 10. Transfer the 2-chloro-2-methylpropane into a pear-shaped flask. Distil the 

2-chloro-2-methylpropane (boiling point  51°C) and record the mass of
product collected.
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(a) (i) Calculate the mass of 2-methylpropan-2-ol used in the preparation.

Answer            g [1]

  (ii) Suggest why a measuring cylinder is used to measure the volume 
of concentrated hydrochloric acid rather than a more accurate piece 
of apparatus.

[1]

  (iii) Suggest why the concentrated hydrochloric acid is added gradually to the 
2-methylpropan-2-ol in Step 3.

[1]

  (iv) Explain, without reference to density values, how the aqueous layer could 
be identified from the organic layer in the separating funnel in Step 5.

[2]

  (v) Explain, with an equation, the purpose of adding sodium hydrogencarbonate 
solution to the crude 2-chloro-2-methylpropane in Step 6.

[2]

The hydrochloric acid is in excess, so its volume does not need to

be measured accurately.

The addition is exothermic, so adding it slowly lets the heat

dissipate.

Add a few cm3 of water to the funnel.

The layer that increases in volume is the aqueous layer.

It removes (neutralises) the excess acid:

NaHCO3 + HCl → NaCl + H2O + CO2

157.55 − 152.45
5.10
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  (vi) Suggest the purpose of adding anhydrous sodium sulfate in Step 9 and 
explain how you would know when enough has been added to the crude 
2-chloro-2-methylpropane.

[2]

  (vii) Describe how the solid is removed in Step 9.

[1]

  (viii) What should be added to the contents of the pear-shaped flask in Step 10
to promote smooth boiling?

[1]

  (ix) The pear-shaped flask is heated in a water bath in Step 10. Suggest why 
the pear-shaped flask is not heated directly.

[1]

  (x) Suggest the effect that any impurities present in the organic product will 
have on its boiling point.

[1]

(b) Assuming a 40% yield, use your answer to (a)(i) to calculate the mass of 
2-chloro-2-methylpropane obtained.

Answer            g [3]

It acts as a drying agent (removes water). Enough has been

added when the liquid goes clear.

Filter (or decant the liquid off the solid).

Anti-bumping granules

2-methylpropan-2-ol is flammable.

Increases the boiling point (boils over a wider range).

moles 2-methylpropan-2-ol = 5.10 ÷ 74 = 0.0689 mol

= moles 2-chloro-2-methylpropane (1 : 1)

at 40% yield: 0.0689 × 0.40 = 0.0276 mol

mass = 0.0276 × 92.5 = 2.55 g

2.55
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(c) 2-methylpropan-2-ol reacts slowly with sodium.

  (i) Write an equation for the reaction between 2-methylpropan-2-ol and sodium.

[1]

  (ii) Describe a test for the gas produced in the reaction in (c)(i).

[1]

2C4H9OH + 2Na → 2C4H9ONa + H2

Hydrogen: it gives a squeaky pop with a burning splint.
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3 The trend in oxidising ability of the halogens can be determined by reacting aqueous 
solutions of halogens with aqueous solutions of potassium halide salts.

    
(a) Complete the table.

Aqueous solution Colour of aqueous solution

Chlorine

Bromine

Iodine

Potassium halide

[2]

(b) A 1 cm3 portion of each aqueous halogen solution is added separately to
1 cm3 of potassium chloride solution in a test tube and any observations noted. 
The procedure is repeated using potassium bromide solution and also using 
potassium iodide solution.

  (i) Complete the following table, using a tick () to indicate that a reaction 
occurs and a cross () to indicate that no reaction occurs.

Potassium 
chloride

Potassium 
bromide

Potassium 
iodide

Chlorine 

Bromine

Iodine

[1]

  (ii) Write an equation for the reaction of chlorine with potassium iodide.

[1]Cl2 + 2KI → 2KCl + I2

pale green

orange

yellow-brown

colourless
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  (iii) Some hexane was added to the test tube after the reaction of aqueous 
chlorine with potassium iodide solution was complete. The test tube was 
stoppered and shaken for one minute. The contents were allowed to settle. 
What would be observed?

[3]

(c) Chlorine reacts with water and with sodium hydroxide solution.

  (i) Write an equation for the reaction of chlorine with water.

[1]

  (ii) State the conditions required for the reaction between chlorine and sodium 
hydroxide solution which yield products containing chlorine in the same 
oxidation states as those in (c)(i).

[1]

  (iii) Suggest why ozone is often preferred to chlorine in water treatment.

[1]

Two layers form.

The lower (aqueous) layer is colourless.

The upper (hexane) layer is purple, as the iodine dissolves in it.

Cl2 + H2O → HCl + HClO

Cold, dilute sodium hydroxide solution.

Ozone is more effective at killing bacteria and it breaks down to

oxygen, leaving no residual chemicals or taste.
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4 The empirical formula of copper iodide may be determined using the
apparatus below.

boiling tube

copper strip

iodine
crystals

HEAT

 A small quantity of iodine crystals is added to the boiling tube. A clean copper strip
is placed into the boiling tube and bent at one end so that it fits over the mouth of
the boiling tube.

 The part of the copper strip nearest the iodine crystals is heated gently in a fume 
cupboard until no more purple vapour is observed. Once the boiling tube is cool,
the copper strip is carefully removed and reweighed. The yellow coating of copper 
iodide is scraped from the surface of the copper strip and the copper strip reweighed. 
The following results are obtained.

Mass /g

Initial mass of copper strip 2.94

Mass of copper strip and copper iodide 3.28

Final mass of copper strip 2.77

(a) Explain why the iodine crystals are not heated directly.

[1]

(b) Suggest why the procedure is carried out in a fume cupboard.

[1]

The iodine would sublime and the vapour would escape from the

tube, so less iodine would react with the copper.

Iodine (vapour) is toxic.
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(c) Calculate the mass of iodine that reacted.

Answer            g [1]

(d) Calculate the mass of copper that reacted.

Answer            g [1]

(e) Calculate the empirical formula of the copper iodide formed. 

Answer            [3]

3.28 − 2.94

0.34

2.94 − 2.77

0.17

Cu I

mass /g 0.17 0.34

moles 0.17 ÷ 64 0.34 ÷ 127

= 0.00266 = 0.00268

ratio 1 : 1

CuI
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(f) Some of the copper iodide formed was removed and placed in a test tube. A few 
drops of concentrated sulfuric acid were added.

  (i) The ionic equation for one reaction which occurs when concentrated sulfuric 
acid is added to the sample of copper iodide is:

2I   4H  SO2
4
 → ൺ2  SO2  2H2O

   Explain, using oxidation numbers, why this is a redox reaction.

[3]

  (ii) Describe how you would test for the presence of iodine.

[2]

THIS IS THE END OF THE QUESTION PAPER

Iodine: the oxidation number changes from −1 in I− to 0 in I2, an

increase, so iodide is oxidised.

Sulfur: the oxidation number changes from +6 in SO4
2− to +4 in

SO2, a decrease, so sulfur is reduced.

Oxidation and reduction occur in the same reaction, so it is a

redox reaction.

Add a few drops of starch solution.

A blue-black colour shows iodine is present.
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General Information
1 tonne = 106 g
1 metre = 109 nm
One mole of any gas at 293 K and a pressure of 1 atmosphere (105 Pa) occupies a volume of 24 dm3

Avogadro Constant = 6.02 × 1023 mol–1

Planck Constant = 6.63 × 10–34 J s
Specifi c Heat Capacity of water = 4.2 J g–1 K–1

Speed of Light = 3 × 108 m s–1

Characteristic absorptions in IR spectroscopy

Wavenumber/cm–1 Bond Compound

550–850 C–X (X = Cl, Br, I) Haloalkanes
spuorg lykla ,senaklA C–C 0011–057

 sdica cilyxobrac ,sretse ,slohoclA O–C 0031–0001
1450–1650 C ̿ senerA C
1600–1700 C ̿ seneklA C
1650–1800 C ̿    ,sedyhedla ,sretse ,sdica cilyxobraC O

sedirolhc lyca ,sedima ,senotek  
2200–2300 C   selirtiN N

sdica cilyxobraC H–O 0023–0052
sedyhedlA H–C  0582–0572

senera ,senekla ,spuorg lykla ,senaklA H–C 0003–0582
slohoclA H–O 0063–0023

sedima ,senimA H–N 0053–0033

Proton Chemical Shifts in Nuclear Magnetic Resonance Spectroscopy 
(relative to TMS)

  Structure

0.5–2.0 –CH senakla detarutaS 
0.5–5.5 –OH slohoclA 
1.0–3.0 –NH senimA 
2.0–3.0 –CO–CH Ketones

C–N– H Amines
C 6H5–CH  c on ring)

2.0–4.0 X–CH X = Cl or Br (3.0–4.0)
)0.3–0.2( I = X  

4.5–6.0  –C ̿ CH Alkenes
5.5–8.5 RCONH Amides
6.0–8.0 –C6H5 Arenes (on ring)
9.0–10.0 –CHO Aldehydes
10.0–12.0 –COOH Carboxylic acids

 on and temperature dependent and may be outside 
the ranges indicated above.
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89   

39

91   
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103   

45

85    

37
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38

93   

41
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98   

43

101   

44
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46
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47

112   

48

131   

54
222   

86

210   
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2
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18

35.5   
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13
70   

31
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80   

35
115   

49
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23    
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THE PERIODIC TABLE OF ELEMENTS
Group

*

†

1   

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

III III IV VI VII 0V

285  

112
Copernicium

* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass 

x = atomic symbol
b = atomic number

a

b
x (approx)
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