Experiment #10 – The Chemistry of Oxygen
Acidic, Basic, and Amphoteric Oxides - Material taken from Chang, “Chemistry”, 8th ed, p. 661-664, and Hill, Petrucci et al, “General Chemistry”, 4th ed, p. 329
The table below consists of the Group A or Representative Elements between the 2nd and 6th rows (we are going to ignore the transition metals). The group 8A or Noble Gases do not combine with oxygen, so are left out. Remember that there is a boundary between the metals on the left and the nonmetals on the right. The elements along this boundary are the metalloids such as Ga, Ge, and As.

	Row or Period
	Group or Family

	
	1A
	2A
	3A
	4A
	5A
	6A
	7A

	2
	Li
	Be
	B
	C
	N
	O
	F

	3
	Na
	Mg
	Al
	Si
	P
	S
	Cl

	4
	K
	Ca
	Ga
	Ge
	As
	Se
	Br

	5
	Rb
	Sr
	In
	Sn
	Sb
	Te
	I

	6
	Cs
	Ba
	Tl
	Pb
	Bi
	Po
	At


	
	Acidic oxide

	
	Basic oxide

	
	Amphoteric oxide


ACID – increases the concentration of H+ in water

BASE – increases the concentration of OH- in water

Acids and bases NEUTRALIZE each other to form a SALT and WATER:

HCl(aq)  +  KOH(aq)  (  KCl(aq)  +  H2O(l)

Net ionic equation:
H+  +  OH-  (  H2O

Key Concepts:

1. When added to water:

METAL OXIDES make BASIC solutions

NONMETAL OXIDES make ACIDIC solutions

METALLOIDS (and some metals) form NEUTRAL solutions (we call these amphoteric oxides).
2. The OXIDATION NUMBER of the metal, nonmetal or metalloid DOES NOT CHANGE between the OXIDE FORM and acidic, basic, or neutral forms in water.

3. When forming the oxide from the element, the element is usually found in it’s highest positive oxidation state (given by the group number), for example:
Na ( +1
(group 1A)
N ( +5
(group 5A)

Ba ( +2
(group 2A) 
S ( +6
(group 6A)

Cl ( +7
(group 7A)

Sometimes for a given nonmetal, a second high oxidation state can produce an acidic solution, but the lower of the two (with the –ous ending) forms a weak acid, while the highest oxidation number produces a strong acid (with the –ic ending):

H2SO3

sulfurous acid (weak)

S = +4
H2SO4

sulfuric acid (strong)

S = +6
EXAMPLES

Acidic Oxides

Basic Oxides

Acidic and Basic Oxides Undergo Neutralization Reactions with Acids and Bases Forming a Salt and Water

MgO(s)  +  2 HCl(aq)  (  MgCl2(aq)  +  H2O(l)
 (base)           (acid)             (salt)          (water)

CO2(g)  +  2 NaOH(aq)  (  Na2CO3(aq)  +  H2O(l)

 (acid)           (base)               (salt)             (water)

Amphoteric Oxides
Oxides of an element on the boundary between the metals and nonmetals can behave like an acid or a base depending on the reaction conditions:
Al2O3(s)  +  6 HCl(aq)  (  2 AlCl3(aq)  +  3 H2O(l)
 (base)           (acid)
Al2O3(s)  +  2 NaOH(aq)  +  3 H2O(l)  (  2 NaAl(OH)4(aq)

         (acid)             (base)
(contains the Al(OH)4- ion)
Predicting the Formula of the Oxide of Any Element

As stated before, when forming the oxide from the element, the element is usually found in it’s highest positive oxidation state (given by the group number):

2 Cu(s)  +  O2(g)  (  2 CuO(s)
(not Cu2O where Cu = +1)
2 Cl2(g)  +  7 O2(g)  (  2 Cl2O7(l)
(highest oxidation number for Cl is +7)
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Preparation of Oxides – give the balanced equation in the reaction with O2(g).
Mg(s)     +     O2(g)  (  
Ca(s)     +     O2(g)  (  
Co(s)     +     O2(g)  (  
Si(s)     +     O2(g)  (  
P(s)    +     O2(g)  (  
S(s)     +     O2(g)  (  
Reaction of Oxides With Water

	Group
	Element
	Oxide Formula
	Acid, Base, or Amphoteric?
	Balanced Equation Showing Reaction of Oxide With Water

	1A
	Na
	Na2O2
(peroxide example)
	
	Hint: O2 also formed

	2A
	Mg
	
	
	

	2A
	Ca
	
	
	

	3A
	B
	
	
	

	4A
	C
	
	
	

	5A
	P
	
	
	

	6A
	S
	
	
	

	7A
	Cl
	
	
	

	8B
	Fe
	
	
	


Write the Formula of the Oxide Given the Acid, Base, or Amphoteric Compound
HNO2

_______________________
HNO3

_______________________

H2SO4

_______________________

LiOH

_______________________

Ba(OH)2
_______________________

Al(OH)3
_______________________

Generating Oxygen Through the Decomposition Reaction of Potassium Chlorate

1. Balance the equation for the decomposition reaction involving potassium chlorate:
KClO3(s)    (    KCl(s)    +    O2(g)

2. This reaction is usually done in the presence of the catalyst MnO2. Define catalyst.

3. Using the balanced equation in question 1, calculate the theoretical yield of O2(g) produced from 12.5 g of KClO3.

Adding a NONMETAL OXIDE to water produces an ACIDIC SOLUTION:





SO3(g)  +  H2O(l)  (  H2SO4(aq)	ox. number S = +6 before and after





P4O10(s)  +  6 H2O(l)  (  4 H3PO4(aq) 	ox. number P = +5 before and after





Adding a METAL OXIDE to water produces a BASIC SOLUTION:





Na2O(s)  +  H2O(l)  (  2 NaOH(aq)	ox. number Na = +1 before and after





SrO(s)  +  H2O(l)  (  Sr(OH)2(aq)	ox. number Sr = +2 before and after











