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Allotropes of carbon 
 

Carbon exists as a number of different allotropes. Some important allotropes of carbon are 
described in this article. 
 
Diagram 1 Diamond and graphite 

Diamond Graphite 

  
 
The structure of diamond can be related to a cube. The diagram below shows this. 
 
Diagram 2 A unit cubic cell of diamond 

 
 
The cell dimension a = b = c =  0.36 nm 
 
Diagram 3 Graphene and fullerene 

Graphene Fullerene 

  
 
  

a 

b 

c 
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Graphene and fullerenes 
 
Graphene is a single sheet with the carbon atoms arranged in the layer as they are in 
graphite. 
 
Fullerenes are cage-like spherical molecules. They were first discovered using a method 
known as mass spectroscopy. One fullerene identified by mass spectrometry had a relative 
molecular mass of 720. 
 
Carbon nanotubes 
 
Carbon nanotubes are made of graphene sheets rolled into the shape of a cylinder, often 
with at least one end closed.   
 
Diagram 4 Carbon nanotube 
 

 

 
 

 
Properties of carbon nanotubes  
 
The specific strength is a material's tensile strength divided by its density. It is also known 
as the strength-to-weight ratio. 
 
Another way to describe specific strength is breaking length which is the maximum length 
of a vertical column of the material that could support its own weight when suspended only 
at the top.  
 
Table 1 
 

Material Tensile strength 
(MPa) 

Density 
(g/cm³) 

Specific 
strength 

(kN m/kg) 
Breaking length 

(km) 

stainless steel  505 8.00 63.1 6.4 

aluminium 572 2.81 204 20.8 

kevlar 3 620 1.44   
carbon 
nanotube  62 000 1.34 46 268 4 716 
 
 

https://en.wikipedia.org/wiki/Tensile_strength
https://en.wikipedia.org/wiki/Megapascal
https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Gram
https://en.wikipedia.org/wiki/Cubic_centimetre
https://en.wikipedia.org/wiki/Kilonewton
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Kilogram
https://en.wikipedia.org/wiki/Kilometre
https://en.wikipedia.org/wiki/Stainless_steel
https://en.wikipedia.org/wiki/Kevlar
https://en.wikipedia.org/wiki/Carbon_nanotube
https://en.wikipedia.org/wiki/Carbon_nanotube
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ADDITIONAL MATERIALS 
 
In addition to this examination paper you will need a resource booklet, a calculator and a 
ruler. 
 
INSTRUCTIONS TO CANDIDATES 
 
Use black ink or black ball-point pen. Do not use gel pen. Do not use correction fluid. 
Write your name, centre number and candidate number in the spaces at the top of this page. 
Answer all questions. 
Write your answers in the spaces provided in this booklet. 
 
INFORMATION FOR CANDIDATES 
 
This paper is in two Sections, Section A and Section B. 
 
Section A: 45 marks. Answer all questions. You are advised to spend about 50 minutes on 
this section. 
 
Section B: 15 marks.  Read the article in the resource booklet carefully then answer all 
questions. You are advised to spend about 25 minutes on this section. 
 
The number of marks is given in brackets at the end of each question or part-question. 
 
The assessment of the quality of extended response (QER) will take place in question 7. 
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SECTION A 
 

Answer all questions. 
 
1  (a) Draw lines to match each diagram below with the correct name of the 

apparatus. One has been done for you. [2] 
 
 

  

Bunsen burner 

pipette 

measuring cylinder 

burette 

• 

• 

• 

• 

• 

balance 
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 (b) Choose a method from the box to answer parts (i) to (iii). 
 
 
 
 
 
 
  Name the method you would use to separate:  
 
 
  (i) two liquids (water and ethanol) …………………………… [1] 
 
  
   (ii) the colourings in a food dye ..………………………….. [1] 
 
 
    (iii) a precipitate from water …………………………… [1] 
 
 
 
 
 
 
 
 
                                         
 
 
  

 

5 

chromatography   distillation         electrolysis     filtration   
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2.  (a) The following table shows the colours of universal indicator at different pH 
values. 

 

colour red orange yellow green blue navy blue purple 

pH 0-2 3-4 5-6 7 8-9 10-12 13-14 
 
 
  Use this information to help you complete the table below. [3] 
 
 

Substance Colour with 
universal indicator pH value 

Acid, alkali or 
neutral? 

detergent purple  
 

distilled water  7 
 

soap  8 
 

 
 
 (b) Different lengths of magnesium ribbon were put into separate beakers each 

containing 25 cm3 dilute hydrochloric acid and the temperature measured.  
  The initial temperature of the acid in each beaker was 16 oC. 
 
  The results are shown in the table below. Two temperatures are missing.    
 

Length of magnesium 
ribbon (cm) 2 4 6 8 10 12 

Final temperature 
(oC) 20 23 28 33 35  

………. 
Initial temperature 
(oC) 16 16 16 16 16 16 

Temperature rise 
(OC) 4 7 12 17 19  

………. 
 

  (i) Complete the table by using the thermometer reading shown below. [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Thermometer reading when 
12 cm of magnesium was used. 
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  (ii) Plot the length of magnesium ribbon against the temperature rise and 
draw a suitable line.  [3] 

 
  (iii) Use your graph to find the temperature rise if 5 cm of magnesium was 

added to 25 cm3 dilute hydrochloric acid. [1] 
 

 
      temperature rise …………. oC 
 
  (iv) Put a tick (√) next to the statement which describes the temperature 

rise you would expect if the hydrochloric acid was replaced with 
vinegar. Give a reason for your choice.  [2] 

 
    temperature rise will be higher with vinegar  than with 
   hydrochloric acid   
 

   temperature rise will be lower with vinegar than with  
   hydrochloric acid 
 
   temperature rise will be the same with vinegar as with 
   hydrochloric acid 
 
   Reason for choice  
 
   ………………………………………………………………………………… 
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3. The diagrams below show the stages in making the compound zinc sulfate by reacting 
zinc carbonate with dilute sulfuric acid. The diagram showing the apparatus for Stage 
2 is missing. 

 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) State what you would see when excess zinc carbonate is added. [1] 
 
 …………………………………………………………………………………………………. 
 
 (b) State why excess zinc carbonate is added. [1] 
 

………………………………………………………………………………………………….. 
 

 (c) Draw the apparatus you would use to carry out stage 2. [3] 
  Label the excess zinc carbonate on your diagram. 
 
 
 
 
 
 
 
 
 
 
 
 (d) Put a tick (√) next to the box that shows the estimated time it would take for 

all the water to evaporate from 25 cm3 of zinc sulfate solution in stage 3. [1] 
 
  1 hour                    1 week                1 school term                    1 year 
 
 
   

6 

Stage 1 Stage 2 Stage 3 

Excess zinc carbonate is 
added to dilute sulfuric acid, 
the mixture being 
continuously stirred 

Excess zinc carbonate 
is removed 

Colourless solution is left in an 
evaporating basin at room 
temperature to obtain white 
crystals of zinc sulfate 

sulphuric 
acid 

colourless 
solution 
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4. Hydrogen peroxide solution decomposes very slowly at room temperature. 
 
  H2O2(aq)         +        2H2O(l)        O2(g) 
 
 This reaction can be catalysed using manganese(IV) oxide. 
 
 The statement below shows the definition of a catalyst. 
 
  “A catalyst will change the speed of a chemical reaction but will not be used up 

during the reaction.” 
 
 A student carried out an investigation to find out if it is true that a catalyst is not used 

up in a reaction. 
 
 1.50 g of manganese(IV) oxide powder was accurately weighed and put into 20 cm3 

of hydrogen peroxide solution. After the reaction had stopped, the reaction mixture 
was filtered into a pre-weighed filter paper. The filtered manganese(IV) oxide and 
filter paper was dried in an oven. 

 
 The mass readings are shown below. 
 

 Mass (g) 

filter paper              1.26 

manganese(IV) oxide and filter 
paper after drying 2.74 

recovered manganese(IV) oxide 1.48 

 
 
 (a) Calculate the percentage (%) mass of manganese(IV) oxide recovered to one 

decimal place.   [3] 
 
 
 
 
 

  % mass of manganese(IV) oxide recovered = ……….. % 
 
 (b) Do you agree with the statement that ‘a catalyst is not used up in a reaction’  
  Give the reason for your decision. [1] 
 
 
 ………………………………………………………………………………………………….. 
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 (c) Suggest why not all of the manganese(IV) oxide was recovered and how this 
problem could be overcome.  [2] 

 
 ………….………………………………………………………………………………………. 
 
 ………….………………………………………………………………………………………. 
 
 ………….………………………………………………………………………………………. 
 
 

  

 

6 
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5. (a) A compound was dissolved in water and tested as described below. 
  Use the information to complete the table and name the compound. [3] 
 

Solution of unknown 
compound  Observation Conclusion 

dilute hydrochloric acid was 
added, the gas produced 
was passed through 
limewater 
 

 
limewater turned 

milky 
…………………………………………

………………………………………… 

….…….……………………………… 

a flame test was carried out an orange flame  
………………………………………… 

………..……………………….……… 

…..……………………………………. 

 
 

  The compound is    …………………………………………………………..……… 
 

 (b) A solution contains barium ions. It may also contain magnesium ions.  

   Use the information below to decide how to remove the barium ions and then 
test to find if magnesium ions are present. [4] 

  You are also given a solution of sodium sulfate and a solution of sodium 
carbonate which you can use.  

 

Compound Soluble or insoluble? 

barium sulfate insoluble 

barium carbonate insoluble 

magnesium sulfate soluble 

magnesium carbonate insoluble 

sodium sulfate soluble 

sodium carbonate soluble 
 

  Method to remove barium ions  
 
  ……………………………………………………….………………………………… 
 
  …………………………………………………………………………………………. 
 
  Test for magnesium ions 
 
  ……………………………………………………….………………………………… 
 
  ………………………………………………………………………………………… 
 

   

7 
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6. A student measured out 25 cm3 of a sodium carbonate solution. The sodium carbonate 
solution had a concentration of 1.06 g / dm3. 

 Calculate the mass of sodium carbonate (Na2CO3) that was in 25 cm3 of this solution. 
Give your answer in units of g and mg. [4] 

 
 
 

 

 

 ………………………………………………………………………………………………. 

 ………………………………………………………………………………………………. 

 

 

 

 

 

  

 

4 
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7. Describe and explain an investigation you would carry out to find the relative 
positions of copper, iron and magnesium in the reactivity series. Include equations 
where appropriate.     

 
 You are provided with: 
  - solid samples of copper, iron and magnesium 
  - solid samples of copper(II) sulfate, iron(II) sulfate and magnesium sulfate. 

  [6 QER]  
 

…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
 

 

6 
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SECTION B 

Read the article in the resource booklet and answer all the questions that follow. 
 
8. (a) Describe the bonding between carbon atoms in diamond.   
  Include a dot and cross diagram in your answer. [3] 
  Details of the structure of diamond are not required. 
 
 ………………………………………………………………………………………………… 
 
 ………………………………………………………………………………………………… 
 
 ………………………………………………………………………………………………… 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) (i) Explain why graphene is a good conductor of electricity.  [2] 
 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
 
  (ii) Explain why graphite is soft and slippery and can act as a lubricant. [2] 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
 
  (iii)  Diamond is a very dense allotrope of carbon because the carbon 

atoms are tightly packed. Calculate the volume of the cube containing 
carbon atoms in Diagram 2.  Give the unit. [1] 

 
 
 
 
 
 
 

volume = …………..   
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 (c)  Determine the molecular formula of the fullerene identified using mass 
spectroscopy in the article. 

  Show your working.  [2] 
 
 
 
 
 
 
 
 

molecular formula = …………. 
 

 
 (d) (i)  Calculate the specific strength of Kevlar (Table 1) and use this value 

to estimate the breaking length.  [3] 
 
 
 
 
 
 
 
 
 
 
 
     specific strength    …………  kN m/kg 
 
 
     breaking length   …………… km 

 
 

  (ii)  Explain why carbon nanotubes may eventually replace materials like 
steel and aluminium in the manufacture of power lines.   [2] 

 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
  ………………………………………………………………………………………… 
 
 

 

15 
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