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Answer all the questions in this section in the spaces provided.

A1
A student carried out an experiment to investigate the speed of diffusion of 


different gases.  


He recorded the times taken for equal volumes of different gases to pass 


through a small hole, as given in the table.

	Gas
	Time taken (s)
	Mr of gas

	Helium
	24
	4

	Methane
	47
	16

	Nitrogen
	63
	28

	Argon
	77
	40

	Chlorine
	103
	71


He then plotted a graph of time taken against relative molecular mass, Mr, 

for the gases in the table, as shown.
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(a) Use the graph to estimate the time that would be taken by the same 


volume of carbon dioxide (Mr = 44) to pass through the same hole under 


the same conditions.


…………………………………………………………………………….…..
[½]

(b) Boron forms a gaseous hydride with the molecular formula BnH10. 


The same volume of this gas took 89 seconds to pass through the same 


hole as the gases in the table, under the same conditions.

(i) Use the graph to estimate the relative molecular mass of this gas.


……………………………………………………………………….….
[½]

(ii) Calculate the value of n (to the nearest whole number) in the 


formula of the hydride.



[1]

(iii) What is the empirical formula of this hydride?


……………………………………………………………………….….
[1] 

(c) The same volume of carbon dioxide was allowed to pass through the 


same hole, but at a temperature 20 oC below that in (a) instead.

Explain how and why the time taken for the carbon dioxide to pass 

through the hole would be different from your answer in (a).

…………………………………………………………………………….…..

…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..
[2]
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A2
Use the substances named in the table to answer the following questions.

	Metal
	Melting Point / oC
	Boiling Point / oC

	Aluminium
	660
	2470

	Copper
	1078 – 1083 
	2595 – 2603

	Iron
	1535
	3000

	Lead
	327
	1744

	Platinum
	1769
	4530


(a) Which metals have particles that are randomly arranged and moving 


at high speeds at 2500 oC?


…………………………………………………………………………….…..
[1]

(b) Draw a diagram to show the arrangement of particles in lead at 300 oC.

	
	[1]


(c) How can you tell from the table that the copper is a mixture? 


…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]

(d) Suggest one reason why it is not practical to transport platinum as a liquid.


…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]

(e) Describe how the arrangement and movement of particles of iron change


as the temperature rises from 1530 oC to 1540 oC.


…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..
[2]

A3
Use the substances named in the list to answer the following questions.

	Air
	Aluminium
	Brass
	Chlorine

	Ethanol
	Limestone
	Oxygen
	Petroleum

	Salt
	Sea Water
	Sugar
	Sulphur


(a) Name a non-metallic element.


…………………………………………………………………………….…..


(b) Name a liquid pure compound.


…………………………………………………………………………….…..


(c) Name a solid-solid mixture.


…………………………………………………………………………….…..


(d) Name a substance which can conduct electricity in solid state.


…………………………………………………………………………….…..
[2]

A4
There are three isotopes of hydrogen, namely hydrogen, deuterium and tritium.  


They have slightly different physical properties but identical chemical properties.


The properties of the three isotopes are summarised in the table below.

	Isotope
	Hydrogen
	Deuterium
	Tritium

	Symbol
	H
	D
	T

	Structure
	

	
	

	% Occurrence
	99.985
	0.015
	traces

	Proton number
	
	
	

	Nucleon number
	
	
	


(a) Complete the table above, by stating the proton number and nucleon 


number of each of the three isotopes.
[2]


(b) Why are these three atoms described as isotopes?


…………………………………………………………………………….…..

…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]

(c) Heavy water, D2O, is water containing deuterium instead of ordinary 


hydrogen atoms.  

(i) Calculate the relative molecular mass (Mr) of heavy water.



[1]

(ii) Suggest a reason why the boiling point of D2O is 101.6 oC but that 


of H2O is 100.0 oC.


……………………………………………………………………….….
 


……………………………………………………………………….….
 


……………………………………………………………………….….
[1] 

(iii) Suggest why heavy water is extremely expensive to produce.


……………………………………………………………………….….
 

……………………………………………………………………….….
 


……………………………………………………………………….….
[1]

(d) Predict the formula of

(i) deuterium sulphide;


……………………………………………………………………….….

(ii) the alkali formed when sodium reacts with T2O.


……………………………………………………………………….….
[1]


A5
Element X has a mass number of 24 and lies in Group II of the Periodic Table.  


It combines with oxygen to form an oxide.

(a) State the nature of the oxide formed by element X, giving a reason for 


your choice.


…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]

(b) Identify element X and, hence, by means of a ‘dot and cross’ diagram,


show the electronic structure of the oxide of element X.



[2]

(c) An excess of the oxide of element X was added to 50 cm3 of nitric acid.  


After stirring, the mixture was filtered.  The filtrate was evaporated to 


half its original volume and then left to cool, to allow crystals to form.  

(i) Why must the oxide of element X be added in excess?


……………………………………………………………………….….



……………………………………………………………………….….
[1]

(ii) Name the residue and filtrate obtained when the mixture was filtered.


……………………………………………………………………….….



……………………………………………………………………….….
[1]

(iii) Explain why the crystals formed cannot be dried by heating.


……………………………………………………………………….….



……………………………………………………………………….….
[1]


A6
Diamond and graphite are allotropes of carbon.  Explain the following in terms of

 
the structures and bonding of these two allotropes of carbon.

(a) Diamond is one of the hardest substances known.


………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..
[2]

(b) Graphite is a good lubricating agent.


…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..
[2]

A7 
Part of the Periodic Table is shown below with some of the elements represented

 
by letters but the letters are not symbols of the elements.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	F
	G
	
	I
	

	
	A
	C
	
	
	
	
	
	
	
	
	
	
	E
	
	
	H
	J
	L

	
	B
	
	
	
	
	
	D
	
	
	
	
	
	
	
	
	
	K
	


(a) Which of the elements A to L
(i) is the most reactive metal?


……………………………………………………………………….….


(ii) is the most reactive non-metal?


……………………………………………………………………….….


(iii) has more than one oxidation state in its compound?


……………………………………………………………………….….


(iv) can be displaced out of its nitrate solution by element J?


……………………………………………………………………….….
[2]


(b) Why is the element L chemically inert?


…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]

(c) In solid state, the element A can conduct electricity but the element H 


cannot.  Explain briefly why this is so.



…………………………………………………………………………….…..
[1]

(d) Explain why hydrogen can be placed in either Group I or Group VII in 


the Periodic Table?


…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]

(e) A new element M is said to belong to Group VII of the Periodic Table, and 

has a relative atomic mass greater than K.  State one physical property and

one chemical property that you would expect element M to have.


…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..
[2]

(f) The most widely used halogen is chlorine and it is probably best known

 
for its use in swimming pools.  It is added to kill germs and bacteria, 


thereby preventing the spread of infection.

(i) Why do chlorine values become too low if the pool becomes too warm?


……………………………………………………………………….….



……………………………………………………………………….….
[1]

(ii) What happens to the pH of the water when chlorine is dissolved in the swimming pool water?


……………………………………………………………………….….



……………………………………………………………………….….
[1]

A8
In 1979, the Singapore River and the Kallang River flowing into Marina Bay were heavily polluted.  One of the sources of pollution is fertilizers being washed from 

vegetable, pig and duck farms into the nearby rivers.


Information about some of the common fertilisers is given in the following table.

	Name
	Formula
	Solubility in water

	Ammonium phosphate
	(NH4)3PO4
	Readily soluble

	Ammonium nitrate
	NH4NO3
	Readily soluble

	Potassium nitrate
	KNO3
	Readily soluble

	Urea
	CO(NH2)2
	Dissolves slowly


(a) Why is urea a slow acting fertilizer?

…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]

(b) Calculate the percentage by mass of nitrogen in ammonium phosphate.
Hence, calculate the mass of ammonium phosphate that a vegetable farmer

must add to his field, to provide the soil with 21 kg of nitrogen.




[2]

(c) Explain how the fertilizer, washed from the farms into the nearby rivers,

cause eutrophication to occur and how it affects the aquatic life in the rivers.

…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..



…………………………………………………………………………….…..
[2]

A9
A mixture of amino acids was separated by two-way paper chromatography.   


The positions of five amino acids V, W, X, Y and Z are shown in the final chromatogram below.
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Four of the amino acids can be found in the following table.

	Amino acid
	Rf value in

	
	Solvent P
	Solvent Q

	Glutamic Acid
	0.38
	0.30

	Tyrosine
	0.66
	0.45

	Glycine
	0.50
	0.26

	Arginine
	0.70
	0.20

	Proline
	0.95
	0.43

	Leucine
	0.91
	0.73

	Alanine
	0.72
	0.38



(a) Amino acids are colourless.  How do you make the chromatogram visible?


…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]

(b) Calculate the Rf value of amino acid V in Solvent Q.



[1]

(c) For each of the two spots X and Y on the chromatogram, either identify 


the amino acid or state that it is not in the table.



(You may use the space given below to do your workings.)


X is ……………………………………………………………………….…..



Y is ……………………………………………………………………….…..
[2]

(d) Given that aspartic acid has Rf values of 0.25 and 0.60 in Solvent P 


and Solvent Q respectively, indicate the position of aspartic acid on the chromatogram.  Label the spot as A.
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(You may use the space given below to do your workings.)
[1]

(e) What is the advantage of two-way chromatography, compared to 


one-way chromatography, for separating a mixture of amino acids 


from a hydrolysed protein?


…………………………………………………………………………….…..



…………………………………………………………………………….…..
[1]
Section B

Answer all three questions from this section.

The last question is in the form of either/or and only one of the alternatives should be attempted.

B10
The following table gives some information about the properties of potassium, fluorine and potassium fluoride.

	Substance
	Melting point 

(oC)
	Electrical Conductivity 

	
	
	Solid
	Liquid

	Potassium
	63
	Excellent
	Excellent

	Fluorine
	-220
	Poor
	Poor

	Potassium fluoride
	857
	Poor
	Excellent


(a) Draw a ‘dot and cross’ diagram to show the bonding in a fluorine molecule.
[2]

(b) There is a fundamental difference in the ways liquid potassium and liquid potassium fluoride conduct electricity.


What are the charge carriers in each liquid?




[2]

(c) (i) 
Using ( to represent a potassium ion and ( to represent a fluoride ion, draw a diagram to represent the arrangement of the ions in crystals of potassium fluoride.







[1½]


(ii)
Using the crystal structure, explain why solid potassium fluoride is such a poor conductor of electricity.






[1½]

(d) Explain the vast difference in the melting points of fluorine and potassium fluoride.










[3]




[Total: 10]

B11
(a)
Sulphamic acid, NH2SO3H, is a monobasic acid.   



It can be used to remove scale, chemically calcium carbonate, which forms around the heating elements of coffee machines and metal kettles.

(i) What is meant by a monobasic acid?





[2]

(ii) Write a chemical equation for the reaction between sulphamic acid 


and scale. 
[2]

(b) Potassium hydroxide is a typical alkali.  A solution of potassium carbonate in water is alkaline.  How could you distinguish between potassium carbonate and potassium hydroxide?
[2]

(c) Tartaric acid (H6C4O6) and its salts are used in food.

Copper (II) tartarate (CuH4C4O6),  a salt which is insoluble in water, can be prepared by using tartaric acid as one of the starting reagents.

(i) Outline the main steps in the preparation of the salt, copper (II) tartarate, starting from aqueous tartaric acid and another named compound.
[3]

(ii) Write a chemical equation for the reaction in this preparation.

[1]




[Total: 10]

B12
Either


This question concerns the preparation of ammonia and its uses.

(a) The diagram below shows how ammonia is produced industrially.


(i) Write a balanced equation for the production of ammonia shown in the diagram above.  (State symbols are not necessary)
[1]

(ii) State the conditions used in the compressor.
[1]

(iii) What is the purpose of the iron grids in the reactor?
[1]

(iv) Ammonia is very soluble in water.  

How is this property used in the process above?
[1]


(b)  Ammonia gas can also be prepared in the laboratory by the reaction of an alkali with an ammonium salt.

Draw a labelled diagram to show how a pure and dry sample of ammonia can be prepared.  You should state clearly the chemicals used in the reaction.
[3]

(c) One use of ammonia is to make nitrogen fertilisers, like ammonium nitrate.  Ammonium nitrate [NH4NO3] and slaked lime [Ca(OH)2] are added to soil.  


With the aid of a balanced chemical equation, explain why slaked lime and ammonium nitrate should not be applied to the soil at the same time.
[3]




[Total: 10]

B12
Or


This question concerns sulphur dioxide and its properties.

(a) Sulphur dioxide behaves both as an acidic oxide and as a reducing agent 


in its reactions.


Describe a test by which you would show that sulphur dioxide is

(i) an acidic oxide.


(ii) a reducing agent.

For each of the reactions, state clearly the chemicals used and observations you would expect to make to confirm the statement.
[4]

(b) Commercially the most important use of sulphur dioxide is in the manufacture of sulphuric acid in the Contact Process.

The method below models part of the procedures in the Contact Process to manufacture sulphuric acid.

(i) Name gas A and catalyst B.
[1]

(ii) What is purpose of the ice?
[1]

(c) In the industry, the solid sulphur trioxide obtained is passed into an absorption tower, where it reacted with a spray of 98 % sulphuric acid.

(i) Describe clearly how dilute sulphuric acid can be obtained from the sulphur trioxide gas.
[2]

(ii) Why is a spray of 98 % sulphuric acid used in the absorption tower instead of water?
[2]



[Total: 10]
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