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Section B
Answer all three questions in this section.
The last question is in the form of an either/or and only one of the alternatives should
be attempted.
The total mark for this section is 30.
B9

The story of matches
History of matches
Matches have been around for a long time. Sulfur-based matches are mentioned as
far back as the 12th century. However, the friction matches that we are using have
their origins in the 18th century. In 1845, Anton Schrötter von Kristelli discovered that
heating white phosphorus, or exposing it to sunlight, turned it into another form of the
element: red phosphorus. This form of the element is non-toxic as compared to white
phosphorous which is toxic. Technically, red phosphorous is not an allotrope, but
rather an intermediate form between white phosphorus and another allotrope, violet
phosphorus. Safety matches were subsequently introduced using red phosphorus in
the place of white phosphorus.
The Match Box
The striking surface of safety match boxes contains
red phosphorus and an abrasive substance. When
struck, a small amount of white phosphorus is
produced, which ignites.

Red phosphorus

White phosphorus
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The match head and the striking surface
Much chemistry is involved to produce that flame on the matchstick safely. The
modern safety matches will only light if they are rubbed along the special striking
surface of the matchbox. The composition of matches varies depending on its type,
but safety matches commonly employ the same chemical design. They contain a
strong ‘oxidizer’ in the match head and red phosphorus in the striking surface. Striking
the match causes small amounts of the ‘oxidizer’ and phosphorus to combine and the
heat generated by the friction of the striking causes them to ignite.
Typically, the following reaction takes place when the match is struck against the
striking surface of the matchbox.
5KClO3 + 6P → 5KCl + 3P2O5
potassium chlorate

phosphorus(V) oxide

In addition to the main reaction shown above, a second reaction also takes place,
converting some red phosphorus to white phosphorus. The structures of these two
forms of phosphorus are shown in the source on page 14.
Additional ingredient on the match head
Besides the main active ingredient (potassium chlorate), the match head also includes
phosphorus sesquisulfide and antimony sulfide, which are added to make the
matches burn more vigorously. The following diagrams show the bonding and
structure of these two compounds.
phosphorus sesquisulfide

antimony sulfide

Source adapted from:
http://www.compoundchem.com/2014/11/20/matches/
http://www.compoundchem.com/wp-content/uploads/2014/11/The-Chemistry-ofMatches.png
http://www.sciwebhop.net/sci_web/science/ks3/worksheets/word/default.asp
(a)

Use oxidation states to explain whether the reaction involving potassium chlorate and
phosphorus is a redox reaction.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
………………………………………………………………………………………………...[2]
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(b)

The phosphorus(V) oxide, P2O5, that is formed in the reaction of striking a matchstick
absorbs water from the air to form meta-phosphoric acid, HPO3.
(i)

Write a balanced chemical equation for this reaction.
…………………………………………………………………………………………[1]

(ii)

On addition of more water, phosphoric acid, H3PO4 is formed.
Explain with the aid of an ionic equation, why a solution of 1 mol/dm3 of
phosphoric acid can produce a much higher concentration of hydrogen ions as
compared to HPO3.
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………………………………[2]

(c)

Based on the diagrams of red phosphorus and white phosphorus,
(i)

compare and contrast the structures of red phosphorus and white phosphorus,
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………………………………[2]

(ii)

explain a possible reason for the toxicity of white phosphorous as compared to
red phosphorous.
……………………………………………………………………………………………
…………………………………………………………………………………………[1]
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(d)

Based on the structures of phosphorus sesquisulfide and antimony sulfide,
(i)

state the empirical formula of antimony sulfide,
……………………………………………………………………………………………
…………………………………………………………………………………………[1]

(ii)

predict two physical properties that are similar for both compounds and explain
why these are so.
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………………………………[3]
[Total: 12]
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B10

Diagram A below shows the electrolysis of concentrated aqueous caesium chloride
while Diagram B shows the actual electric cell used in the electrolysis. A few drops of
Universal Indicator is added to the caesium chloride solution before the start of the
experiment. As the experiment proceeds, a coloured gas was observed at
electrode 2.

electric
cell

diagram B

diagram A

carbon
electrodes

(a)

concentrated aqueous
caesium chloride

Determine whether electrode 2 is the anode or cathode and write the half-equation
for the reaction that occurs at this electrode.
……......…………………………………………………………………………………………
……......…………………………………………………………………………………………
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[2]

(b)

Describe the observations at electrode 1.
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[1]
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(c)

State and explain the observations made on the electrolyte in diagram A as the
experiment proceeds.
……......…………………………………………………………………………………………
……......…………………………………………………………………………………………
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[2]

(d)

The electrolyte used in diagram B is aqueous copper(II) sulfate.
Write the half-equation for the reaction at the copper metal.
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[1]

(e)

Suggest a way to increase the voltage of the electric cell.
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[1]

(f)

If the position of the zinc and copper electrodes in diagram B were switched with
each other, what would be observed instead in the setup of diagram A?
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[1]
[Total: 8]
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B11

Either
An analysis of the melting points of the elements of Period 2 and their oxides was
done and the information recorded in the graphs below. (Note that the graphs are not
drawn to scale.)
melting point/ oC

elements
graph 10.1: melting points of elements in period 2
melting point/ oC

oxides of
elements
graph 10.2 melting points of oxides of elements in period 2
(a)

Use the information in graph 10.1 and graph 10.2 to describe the trend in melting
points across Period 2.
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[3]
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(b)

Name the elements in Period 2 which are solids at room temperature.
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[1]

(c)

The form of carbon in graph 10.1 is a good conductor of electricity.
State the name of this form of carbon and with reference to its structure, explain why
it is a good electrical conductor.
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[3]

(d)

Explain the difference in melting point between lithium oxide and beryllium oxide.
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[2]

(e)

Explain why the oxide of neon was not included in the graph 10.2.
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[1]
[Total: 10]
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B11

OR
Glutathione is a substance found in every cell in the body, where it acts as an
antioxidant to neutralize free radicals and prevent cellular damage. Glutathione is
used by the liver to get rid of toxic substances in our body. It is also found that a
person with HIV has a very low level of glutathione in his body.
Chemically, glutathione is a small protein manufactured inside the human cells from
three different monomers of amino acids. A monomer of amino acid has either the
carbonyl or amine group. The relative molecular mass of glutathione is 307 and the
structure of glutathione is shown below.

(a)

Name and draw the linkage that is found in glutathione.

[2]
(b)

Draw the structures of the three amino acids used to make glutathione.

[3]
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(c)

It was found that a person with HIV has only 5.00 x 10-6 moles of glutathione in
5.0 cm3 of the blood sample.
Calculate the concentration of glutathione, in g/dm3, in the blood.

[2]
(d)

Explain why an excessive intake of alcohol might have an effect on the concentration
of glutathione in the blood.
………......………………………………………………………………………………………
………......…………………………………………………………………………………...[1]

(e)

Name a synthetic polymer that has the same linkage found in glutathione and draw
the structure of this polymer showing two repeat units.

[2]
[Total: 10]
- - - End of Paper 2 - - 6092/02/4Exp/Prelim/2018
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