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ions on the inside of the back cover.
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Fraction
Number of 

carbon atoms 
in fraction

Boiling point 
range (°C)

Colour of 
fraction

Flame when 
burning

Ease of 
burning

fuel oil 1-4 –170 to 20 colourless clean very easy

petrol 5-10 20 to 70 pale yellow clean easy

naphtha 8-12 70 to 120 yellow some soot quite easy

kerosene 10-16 120 to 240 dark yellow smoky quite difficult

diesel oil 15-30 240 to 350 brown smoky difficult

Answer all questions. 

1.	 Crude oil can be separated into simpler mixtures, called fractions, which contain hydrocarbon 
compounds with boiling points in a similar range.

	 (a)	 The table lists the properties of some fractions obtained from crude oil.

		  Use the information in the table to describe how the burning of the fractions depends 
upon the size of the molecules.	 [2]

	

	

	

	 (b)	 The boiling points of hydrocarbons containing 1 to 12 carbon atoms are shown in the 
table below. The boiling point for the hydrocarbon with 7 carbon atoms is missing.

Number of carbon atoms Boiling point (°C)

1 –165
2 –90
3 –40
4 10
5 35
6 70
7
8 125
9 150
10 175
11 195
12 215

Examiner
only
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	 (i)	 Complete the bar chart below. Some of the bars have already been drawn.	 [2]
B
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	 (ii)	 Use a ruler to draw a trend line on the chart and use this to estimate the boiling 
point of the hydrocarbon with 7 carbon atoms.	 [2]

		  Boiling point  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . °C
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	 (c)	 Many of the fractions obtained from crude oil are used as fuels.  

	 (i)	 The fire triangle shows the factors necessary to start and maintain a fire. 

		  State one method that could be used to safely put out a small amount of spilled 
petrol burning on the floor. Give the reason why your chosen method would work.

				   [1]

		  Method  	

		  Reason 	

	

	 (ii)	 One of the hydrocarbons in petrol is pentane, C5H12. 

		  Complete and balance the symbol equation for the complete combustion of 
pentane.	 [2]

		  C5H12  +  8O2       . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (iii)	 Hydrogen fuel cells are now used in many cars instead of petrol. The overall change 
inside a hydrogen fuel cell is the same as when hydrogen burns. 

		  Explain why using hydrogen fuel cells in cars is better for the environment than 
petrol.	 [2]
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	 (d)	 It is possible to compare the energy released when different fuels are burned using the 
following apparatus.

thermometer

100 g water

spirit burner

fuel

		  To calculate the energy released per gram of fuel burned, the following equation is used.

mass of water  ×  4.2  ×  temperature rise (°C)
mass of fuel used (g)

energy released 
per gram of fuel (J / g) =

	 (i)	 Apart from measuring the mass of water, describe all the measurements that 
would need to be taken to be able to calculate the energy released per gram of fuel 
burned.	 [2]

	

	

	

	 (ii)	 When comparing the energy released from different fuels, 100 g of water should be 
used each time. State one other variable that should be controlled.	 [1]
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	 (iii)	 Tick (√) the energy profile diagram that represents the combustion of fuels. 	 [1]
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2.	 (a)	 Magnesium reacts with oxygen to form magnesium oxide.

		  Using the electronic structures below, draw dot and cross diagrams to show how bonding 
takes place during the formation of magnesium oxide. Include the electronic structures of 
the ions formed.	 [3]

magnesium = 2,8,2             oxygen = 2,6

	 (b)	 The melting points of magnesium oxide and sodium chloride are given below.

Substance Melting point (°C)

sodium chloride 801

magnesium oxide 2852

		  Explain why there is a difference in their melting points even though they are both ionic 
substances.	 [2]

	

	

	

	

08
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	 (c)	 Using the electronic structures below, draw a dot and cross diagram to show the bonding 

in a molecule of carbon dioxide, CO2.	 [2]

carbon = 2,4             oxygen = 2,6

7

09
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3.	 When two different metals are connected in a cell, the metal with the higher reactivity 
transfers its electrons to the other metal.

	 The potential difference produced between pairs of metals can be used to place them in order 
of reactivity. The bigger the potential difference, the bigger the difference in reactivity. 

	 (a)	 The following apparatus was used to investigate the reactivity of four different metals, A, 
B, C and D, compared with copper.  

V

strip of other metal

electrolyte

strip of 
copper 
metal

		  Each metal was placed separately into a cell with a copper strip. The potential difference 
was recorded for each metal and the results are shown below.

		  Use the information to place metals A, B, C and D in order of their reactivity in relation to 
copper.	 [2]

Metal Potential difference (V) Direction of electron flow

A 0.3 copper → metal A
B 0.6 metal B → copper

C 1.1 metal C → copper

D 0.8 copper → metal D

1.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3.  

4.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

most reactive

copper

10
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	 (b)	 The reactivity of four other metals, W, X, Y and Z, was also investigated using the same 
apparatus. Some of the results are shown in the following table.

Pair of metals 
in the cell

Potential difference
(V)

Direction of
electron flow

W and X 1.2 W → X

W and Y 0.9 Y → W

W and Z 0.8

Y and Z Y → Z

		  The order of reactivity of these four metals is as follows.

		  Use this information to give	

	 (i)	 the direction of the electron flow when W and Z are placed in the cell,	 [1]

	

	 (ii)	 the potential difference for the cell with metals Y and Z.	 [1]

		  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V

	 (c)	 When copper and zinc are placed into the cell, the following reaction takes place.

Cu2+   +   Zn      Zn2+   +   Cu

		  Explain how this reaction shows both oxidation and reduction. 	 [2]

	

	

	

	

Y

Z

W

X

most reactive

6

11
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4.	 In a class experiment, Dylan and Joel were given a solution of sodium carbonate containing 
5.23 g of sodium carbonate powder dissolved in 500 cm3 of water.

	 The relative formula mass (Mr) of sodium carbonate is 106.

	 (a)	 Use this information to calculate the number of moles of sodium carbonate in the 5.23 g 
of the powder. Give your answer correct to two decimal places.	 [2]

Number of moles = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mol

	 (b)	 Dylan and Joel were asked to use the sodium carbonate solution to prepare a sample of 
sodium sulfate crystals in a three-stage process.

		  In the first stage of their preparation, they used the following apparatus to carry out a 
titration.

sulfuric acid

25 cm3 of sodium carbonate 
solution and indicator

		  The equation for the reaction taking place is as follows.

Na2CO3   +   H2SO4      Na2SO4   +   H2O   +   CO2
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	 (i)	 A trial run was carried out and the titration repeated three times. The volume of acid 
added each time was recorded.

Examiner
only

Trial 1 2 3

Volume of sulfuric acid 
added (cm3) 30.20 27.55 27.75 27.65

	 I.	 State the purpose of carrying out a trial run.	 [1]

	

	

	 II.	 State whether the sulfuric acid or the sodium carbonate solution is the more 
concentrated. Give the reason for your answer.	 [1]

	

	

	 (ii)	 Use all of the information provided to describe in detail the other two stages Dylan 
and Joel carried out to obtain pure sodium sulfate crystals. 	 [4]
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	 (c)	 Sodium sulfate solution is also formed when sodium hydroxide solution reacts with
		  copper(II) sulfate solution.

	 (i)	 Give the balanced symbol equation for this reaction.	 [3]

	

	 (ii)	 Describe tests that can be carried out to identify both of the ions in sodium sulfate 
solution. Give the expected observation for both tests.	 [2]

	

	

	

	

	 (d)	 The reaction occurring between solutions of sodium carbonate and magnesium sulfate 
forms a precipitate of magnesium carbonate.

		  Write the ionic equation for the formation of magnesium carbonate.	 [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

15
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5.	 In 1985, a new allotrope of carbon was discovered and named buckminsterfullerene. This 
allotrope consists of sixty carbon atoms joined together to resemble a shape similar to that of a 
football (Figure 1), only ten septillion (10,000,000,000,000,000,000,000,000) times smaller.

	 This form of carbon was named after the architect Buckminster Fuller, famous for designing 
geodesic domes, as shown in Figure 2.

 1.1 nm

Figure 1 Figure 2

	 The structure of buckminsterfullerene is a truncated icosahedron, consisting of 20 hexagons 
and 12 pentagons that intersperse to form a spherical structure. Within the structure, each 
carbon atom is bonded to three other carbon atoms and no pentagon has a joining edge with 
another pentagon.

	 Other spherical allotropes of carbon, called fullerenes, have since been made. These include 
balls consisting of seventy, seventy-six and eighty-four carbon atoms. Together, they have 
become known as ‘Buckyballs’.

	 Fullerenes have high melting points and boiling points. They also have a high density and a 
large surface area for their size. 

	 Today, fullerenes are at the heart of nanotechnology – the study of atomic scale structures and 
devices. This provides many exciting new research possibilities for scientists including their 
potential uses in catalysts, lubricants and in nano-tubes for strengthening materials and as a 
way of delivering drugs into the body.

	 Nano-tubes are fullerenes that are used to reinforce graphite in tennis rackets because they are 
very strong. They are also used as semiconductors in electrical circuits. 

	 The nano-tube’s structure also allows it to be used as a container for transporting a drug in 
the body. A molecule of the drug can be placed inside the nano-tube cage. This keeps the 
drug ‘wrapped up’ until it reaches the site where it is needed. In this way, a dose that might be 
damaging to other parts of the body can be delivered safely to, for example, a tumour.
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	 (a)	 Tick (√) all the statements that correctly describe buckminsterfullerene.	 [2]

		  its structure has 32 faces

		  it has a relative molecular mass of 60

		  it is an allotrope of carbon

		  it has a giant ionic structure

		  it is a hydrocarbon compound

		  it is a smart material

		  it is 1 × 1025 times smaller than a football

	 (b)	 (i)	 Use the following formula to calculate the number of edges that a molecule of 
buckminsterfullerene has.	 [2]

			   number of edges  =  

Number of edges = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

total number of sides of all pentagons and hexagons
2
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	 (ii)	 Calculate, in m3, the approximate volume of a buckminsterfullerene molecule. 
		  Write your answer to three significant figures and in standard form.	 [3]

volume =     πr3

π = 3.14                          r = radius

1 nm = 1 × 10–9 m

Volume = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m3

	 (c)	 Give the main reason why the structure of fullerenes has resulted in there being an 
interest in developing their use as catalysts.	 [1]

	

	 (d)	 State why some people might oppose the use of fullerenes in drug delivery systems in the 
body.	 [1]

	

	

	 (e)	 One student said that Buckyballs should be good electrical conductors but her friend 
disagreed.

		  Use your knowledge of bonding and structure to give one reason that each student could 
use to support their argument.	 [2]

	

	

	

	

11
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6.	 Discuss what is meant by isomerism in alkanes and alkenes using compounds with the molecular 
formulae C4H10 and C4H8 to illustrate your answer.	 [6 QER]
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FORMULAE FOR SOME COMMON IONS

POSITIVE IONS NEGATIVE IONS
Name Formula Name Formula

aluminium
ammonium
barium
calcium
copper(II)
hydrogen
iron(II)
iron(III)
lithium
magnesium
nickel
potassium
silver
sodium
zinc

Al3+

NH4
+

Ba2+

Ca2+

Cu2+

H+

Fe2+

Fe3+

Li+

Mg2+

Ni2+

K +

Ag+

Na+

Zn2+

bromide
carbonate
chloride
fluoride
hydroxide
iodide
nitrate
oxide
sulfate

Br –

CO3
2–

Cl–

F –

OH–

I –

NO3
–

O2–

SO4
2–
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