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1	 A sample of hydrated manganese(II) chloride (MnCl2.xH2O) was heated to constant 
mass in an evaporating basin. The results were used to determine the formula of the 
hydrated manganese(II) chloride.

	 (a)	 Draw a labelled diagram of the assembled apparatus used to carry out this 
experiment.

� [3]

	 (b)	 (i)	 State two masses which should be recorded before heating the sample.

1.	

2.	

[2]

	 	 (ii)	 Describe how the sample is heated to constant mass.

[2]
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	 (c) 	A sample of 4.00 g of hydrated manganese(II) chloride (MnCl2.xH2O) was heated 
to a constant mass of 2.55 g.

		  Determine the formula of the hydrated manganese(II) chloride.

Formula                                          [3]

	 (d)	 Describe how a sample of solid hydrated manganese(II) chloride could be tested 
to fully confirm the presence of chloride ions.

[4]
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2	 (a)	 The polarity of some liquids was investigated by observing the deflection of a 
stream of each liquid from a burette using a charged rod.

		  One result from the experiment is shown in the table below.

Liquid Deflection Polar/Non-polar

cyclohexane No

water

tetrachloromethane

		  (i)	 Complete the table.� [3]

		  (ii)	 Suggest a suitable material for the charged rod.

[1]

	 (b)	 The experiment was repeated using ethanol and the result of the experiment 
proved that ethanol is a polar liquid. 

		  Draw the structural formula of ethanol, showing all bonds. Identify the most 
polar bond in the ethanol molecule using partial charges.

� [2]
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3	 (a)	 Chloroalkanes can be prepared by the reaction of phosphorus pentachloride 
with an alcohol.

		  (i)	 Write an equation for the reaction between butan-2-ol and phosphorus 
pentachloride.

[1]

		  (ii)	 State one observation which indicates the production of hydrogen chloride 
gas in the reaction in (a)(i).

[1]

		  (iii)	Describe the test for hydrogen chloride gas and state the result for a 
positive test.

[2]
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	 (b)	 1-chlorobutane reacts with ammonia. State two conditions for this reaction.

1.	

2.	 [2]

	 (c)	 1-chlorobutane can be converted into butan-1-ol. Butan-1-ol reacts with acidified 
potassium dichromate(VI) solution producing two possible organic products 
depending on the method of preparation.

		  (i)	 Draw the skeletal formula of butan-1-ol.

� [1]

		  (ii)	 Name the two possible organic products of the reaction between butan-1-ol 
and acidified potassium dichromate(VI) solution. State the method used to 
prepare each organic product.

Name of product Method of preparation

[4]
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4	 In an experiment to prepare methylpropene gas, some mineral wool was soaked in 
2-bromo-2-methylpropane (density 1.22 g cm-3) and ethanolic potassium hydroxide.

HEAT

mineral wool soaked in ethanolic potassium
hydroxide and 2-bromo-2-methylpropane methylpropene

water

	 (a)	 (i)	 Suggest the purpose of the mineral wool.

[1]

		  (ii)	 Why can methylpropene be collected over water?

[1]

		  (iii)	Write an equation for the reaction of 2-bromo-2-methylpropane with 
ethanolic potassium hydroxide forming methylpropene.

[1]
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	 (b)	 Calculate the theoretical volume, in cm3, of methylpropene gas formed at 293 K 
and 1 atm, when 1.08 cm3 of 2-bromo-2-methylpropane reacts with excess 
ethanolic potassium hydroxide. Give your answer to 3 significant figures.

Answer                      cm3  [3]

	 (c)	 If aqueous potassium hydroxide is used instead of ethanolic potassium 
hydroxide in the reaction with 2-bromo-2-methylpropane, the organic product is 
2-methylpropan-2-ol. 

		  (i)	 Describe how you would experimentally show that 2-methylpropan-2-ol is a 
tertiary alcohol.

[1]

		  (ii)	 Write the equation for the reaction of 2-methylpropan-2-ol with sodium.

[2]

		  (iii)	State two observations for the reaction in (c)(ii).

1.	

2.	 [2]
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5	 (a)	 Complete the table below to give the colour of solid iodine and solid potassium 
iodide.

Substance Colour

solid iodine

solid potassium iodide

� [2]

	 (b)	 A spatula measure of solid iodine is added to deionised water. State an 
observation which would be made.

	

	 [1]

	 (c)	 Starch solution is added to the resulting mixture from (b). State an observation 
which would be made.

[1]

	 (d)	 Describe how you would carry out a flame test on solid potassium iodide and 
state the result.

[4]
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	 (e)	 10 cm3 of 0.15 M potassium iodide solution were added to 10 cm3 of 0.10 M 
lead(II) nitrate solution. A precipitate of lead(II) iodide is formed. The equation for 
the reaction is:

		  2KI(aq)    +    Pb(NO3)2(aq)    →    2KNO3(aq)    +    PbI2(s)

		  (i)	 Write an ionic equation for this reaction.

[1]

		  (ii)	 Calculate the mass of lead(II) iodide obtained. Give your answer, in mg,  
to 2 significant figures.

Answer                      mg  [4]

THIS IS THE END OF THE QUESTION PAPER
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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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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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