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STAGE 2 CHEMISTRY

Elemental and Environmental Chemistry
Unit 2
Periodic Table:        acidic, amphoteric and basic oxides

recognising molecular substances

The Syllabus statement says:

	Key Ideas
	Intended Student Learning

	The trend from metallic to non-metallic behaviour across a period is related to the increase in electronegativity. These trends are reflected in changes in the acidic–basic character of the oxides.
	Predict the acidic–basic character of the oxides of an element from the position of the element in the periodic table.

	The oxides of non-metals are acidic. Their acidic character can be displayed by reaction with hydroxide ions to produce an oxyanion and, in most cases, by reaction with water to produce an oxyacid.
	Write equations for the reactions of oxides of non-metals such as SiO2, CO2, SO2, SO3, and P4O10 with hydroxide ions and with water, where a reaction occurs.

	The oxides of metals are basic. Their basic character can be displayed by reaction with an acid to produce a cation and, in some cases, by reaction with water to produce OH in solution.
	Write equations for the reactions of oxides of metals such as MgO, Na2O, CuO, and Fe2O3 with acids and with water, where a reaction occurs.

	Metalloids form amphoteric oxides. Amphoteric oxides can display basic character by reaction with hydrogen ions and acidic character by reaction with hydroxide ions.
	Write equations for the reaction of an amphoteric oxide such as Al2O3, ZnO with hydrogen ions or hydroxide ions.

	Small molecules are formed from elements in a small section of the periodic table. Small molecules are those either of non-metallic elements or of compounds of non-metallic elements.
	Predict whether or not a compound or element is likely to be molecular, given its properties, name, elemental composition, or formula.


The KEY IDEAS here are:

· The oxides of non-metal elements are acidic. They will react with hydroxide ions (OH-), to produce an oxyanion and they will react with water to produce an oxyacid.

· The oxides of metal elements are basic. They will react with acids (H+), to produce a cation and in some cases they will react with water to produce hydroxide ions (OH-) in solution.

· The oxides of metalloids elements are amphoteric. They will react with acids (H+), to produce a cation and they will react with hydroxide ions (OH-), to produce an oxyanion. In other words, they display both basic and acidic character.

· You will need to be able to use this information to write equations for the reactions of a given set of acidic, basic and amphoteric oxides.

· Molecular substances are those containing non-metal elements ONLY. They can be elements or compounds. Molecular substances tend to be gases or liquids and generally have relatively low melting and boiling points.

The acidic/basic nature of oxides

Carefully complete the following table.

Acidic Oxides

	OXIDE
	REACTION WITH HYDROXIDE IONS
	REACTION WITH WATER

	CO2

	
	

	SO2


	
	

	SO3

	
	

	SiO2

	
	

	P4O10

	
	


Basic Oxides

	OXIDE
	REACTION WITH HYDROGEN IONS
	REACTION WITH WATER

	Na2O


	
	

	MgO


	
	

	CuO


	
	

	Fe2O3


	
	


Amphoteric Oxides

	OXIDE
	REACTION WITH HYDROXIDE IONS
	REACTION WITH HYDROGEN IONS

	ZnO


	
	

	Al2O3

	
	


Oxidation numbers ______________________________________________________

IN SUMMARY:

1
ACIDIC OXIDES react with water to form  __________________________________________

2
ACIDIC OXIDES react with hydroxide ions to form  ___________________________________

3
BASIC OXIDES react with water to form  ___________________________________________

4
BASIC OXIDES react with hydrogen ions to form  ____________________________________

5
AMPHOTERIC OXIDES react with hydroxide to form  


__________________________________________________________________
6
AMPHOTERIC OXIDES react with hydrogen ions to form  


__________________________________________________________________
The position of elements in the periodic table is related to the nature of the oxide they form.

Acidic oxides are generally oxides of non-metals. They are all covalent compounds. Elements that have acidic oxides are found towards the right and top of the Periodic Table as shown in Figure 1.6.

Basic oxides are oxides of metals. They are ionic compounds. Elements that form basic oxides are found towards the left of the Periodic Table (Figure 1.6).

SUPPORTING QUESTIONS 1

1
Place the following oxides in the appropriate column in the table below.


P4O10,   CO2,   Na2O,   CuO,   Al2O3,   SiO2,   MgO,   SO2,   ZnO

	Acidic oxides
	Basic oxides
	Amphoteric oxides

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2
Boric oxide, B2O3, is an acidic oxide that reacts with water to form boric acid, H3BO3.


Write a balanced equation for this reaction.

3
Write a balanced equation for the reaction between sodium hydroxide and carbon dioxide.

4
Lithium oxide, Li2O is a basic oxide. Write an equation for the reaction of lithium oxide with 


water.

Small Molecules
Molecules consisting of 10 or less atoms per molecule can be considered to be “small molecules”.

Some common examples are CO2,  SO2,  H2S,  Cl2,  NH3,  HNO3.

Small molecules can be compounds or elements and are described as molecular substances.

Small molecules are formed when atoms of non-metal elements covalently bond to each other.

These elements, together with hydrogen, are located in the top right-hand corner of the periodic table.

Properties of Small Molecules

Molecular substances typically have a distinct set of properties:

· low melting/boiling points,

· usually gases or liquids at room temperature,

· poor conductors of electricity in the solid, liquid or gaseous state.

SUPPORTING QUESTIONS 2

1
Predict whether the following elements or compounds are molecular substances.

	
	
	Molecular Y/N

	Compound 1
	melting point 9800C, boiling point 12000C
	

	Compound 2
	a liquid at room temperature which is a non-conductor of electricity
	

	Compound 3
	formula SO3
	

	Compound 4
	sodium oxide
	

	Element 1
	iron
	

	Element 2
	melting point -170C, boiling point 290C
	


2
Silicon dioxide has the formula SiO2 and is not classified as a molecular substance.


It has the following properties;  it is very hard, is difficult to scratch, has a high melting and 


boiling point, is a non-conductor of electricity, is chemically inert and is insoluble in water.


i
Are the two elements in SiO2 classified as metals or non-metals?  __________________


ii
State two of the properties listed that would indicate SiO2 is not a molecular substance.



_______________________________________________________________________

SUPPORTING QUESTIONS 1   SOLUTIONS

1

	Acidic oxides
	Basic oxides
	Amphoteric oxides

	P4O10
	Na2O
	Al2O3

	CO2
	CuO
	ZnO

	SiO2
	MgO
	

	SO2
	
	

	
	
	


2


B2O3     +      3H2O                     2H3BO3           

3


2OH-     +     CO2                      CO32-     +        H2O            or




2NaOH     +     CO2                      Na2CO3    +        H2O            

4


Li2O       +      H2O                     2Li+    +        2OH-
SUPPORTING QUESTIONS 2   SOLUTIONS

1
No


Yes


Yes


No


No 


Yes

2
i
non-metals


ii
very hard,  high melting and boiling points

	Metallic element

(basic oxide)
	Metalloid element

(amphoteric oxide)
	Non-metallic element

(acidic oxide)

	If soluble in water they form 
a cation and hydroxide ions.
	insoluble  in water
	If soluble in water they form
an oxy-acid

	They are soluble in acids
forming a cation and water.

	They are soluble in bases
forming an oxy-anion and water.
	Insoluble in acids.

	Insoluble in  bases.

	They are soluble in acids
forming a cation and water.
EG:  Al2O3
	They are soluble in bases
forming an oxy-anion and water.

	ionic  bonding


	covalent  bonding 

(network)
	covalent  bonding 

(molecular)


	3-D network of positive and negative ions held with strong forces – strong primary ionic bonds
	3-D network of atoms held with strong forces – strong primary covalent bonds
	Molecular structure with weak secondary forces of attraction between the molecules


READING








The Essentials book pg 12 - 14


Q 1.4 – 1.7
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