Chapter 4
Some Types of Chemical Reactions

Objectives:

· Describe the periodic table and some of the relationships that it summarizes

· Recognize and describe non-electrolytes, strong electrolytes, and weak electrolytes

· Recognize and classify acids (strong, weak), bases (strong, weak, insoluble), and salts (soluble, insoluble); use the solubility guidelines

· Describe reactions in aqueous solutions by writing formula unit equations, total ionic equations, and net ionic equations

· Assign oxidation numbers to elements when they are free, in compounds, or in ions

· Recognize oxidation-reduction reactions and identify which species are oxidized, reduced, oxidizing agents, and reducing agents.

· Recognize and describe classes of reactions: decomposition reactions, displacement reactions, and various types of metathesis reactions

· Name and write formulas for common binary and ternary inorganic compounds

I. Section  4-1  The periodic table: Metals, Nonmetals, and metalloids 

a. Mendeleev and the Chemical Periodicity 

i. No one knew how to accurately determine the mass of an atom. 

ii. Held a conference and made a decision on how to calculate the mass of an atom. 

iii. Dmitri Mendeleev was writing a textbook and decided to input the new information. 

iv. Organized the elements based on the new atomic masses.

b. A new and better pattern was discovered 

i. Henry Moseley (1911) discovered more patterns by organizing the elements by their atomic numbers 

ii. Discovered the Periodic Law- the physical and chemical properties of the elements are periodic functions of their atomic numbers.

II. The Modern Periodic table 

a. Is an arrangement of the elements in order of their atomic number so that the elements with similar properties fall in the same column, or group 
i. Metals 

1. Alkali metals 

2. Alkaline earth metals 

3. Transition metals 

4. Other metals
5. Metallic character increases form top to bottom and decreases from left to right with respect to position on the periodic table.

ii. Metalliods 

1. Semiconductors

iii. Non-metals 

1. Halogens 

2. Other nonmetals 

3. Noble gases

4. Nonmetallic character decreases from top to bottom and increases from left to right in  the periodic table.

b. Table 4-3

	Some Physical Properties of Metals and Non-metals

	
	

	
	

	
	

	
	

	
	

	
	

	
	


c. Table 4-4

	Some Chemical Properties of Metals and Non-metals

	
	

	
	

	
	

	
	

	
	


III. Section 4-2 Aqueous Solutions: An introduction
a. Electrolytes and Extent of Ionization

i. Electrolytes- are substances whose aqueous solution conducts electric current.

1. Strong electrolytes- conduct well in dilute solutions

2. weak electrolytes- conduct poorly in dilute solutions

ii. Nonelectrolytes- do not conduct electricity in solution.

b. Dissociation- refers to the process in which a solid (ionic compound) separates into its ions in solution

i. Molecules sometimes ionize- HCl is a molecule that will ionize (react with water to produce ions)

1. Strong acids

2. strong bases

3. salts

4. The above complete dissociate and therefore are strong electrolytes

ii. Acids- ionize to produce hydrogen ions

iii. Bases- ionize to produce hydroxide ions
c. Strong and Weak Acids

i. Strong acids- ionize completely

ii. Table 4-5

	Common Strong acids and their Anions

	Formula
	Name
	Formula
	Name

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


iii. Weak acids- ionize only slightly (usually less than 5%)
iv. Table 4-6

	Common weak acids and their Anions

	Formula
	Name
	Formula
	Name

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


d. Reversible Reactions

i. These are reactions that can occur in both directions

ii. Ex: page 132

e. Strong Bases, Insoluble Bases, and Weak Bases

i. Strong Bases

1. ionic metal hydroxides

2. dissociated completely
3. Table 4-7

	Common Strong Bases

	Group 1
	Group 2

	
	

	
	

	
	

	
	

	
	


f. Solubility Guidelines for compounds in Aqueous Solution

i. Table 4-8

	Solubility Guidelines for Common Ionic Compounds in Water

	Generally soluble
	Exceptions

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	Generally Insoluble
	Exceptions

	
	

	
	

	
	

	
	

	
	

	
	


]

g. Equations involving solubility Refer to table 4-9 pg 135
i. Formula Unit Equations- show complete formulas for all compounds

ii. Total ionic equations- formulas re written to show that (predominate) form in which each substance exists when it is in contact with aqueous solution.

1. Split the aqueous compounds into their respective ions

2. Use brackets to show that they work together

iii. Net ionic Equations- we show only the species that react.

1. eliminate the spectator ions- those ions that are on both sides of the equation

2. eliminate the brackets
IV. Section 4-4 Oxidation Numbers

a. The oxidation number is the atoms oxidation state is the number of electrons lost or gained by an atom of an element when it forms a compound
b. Rules for Determining the Oxidation State
1. An atom in a pure element or molecule such as H2 has an oxidation number of zero. 
2. For ions consisting of a single atom, the oxidation number is equal to the charge on the ion. 
3. Fluorine is always -1. 
4. Chlorine, bromine and iodine are -1 except in compounds with fluorine or oxygen (both of which have higher electronegativities). 
5. The oxidation number of hydrogen is +1 except when bound to a metal (hydrogen is more electronegative). 
6.  The oxidation number of oxygen is -2. 
7.  The sum of the oxidation numbers in a neutral compound must be zero. 
8.  The sum of the oxidation numbers for a polyatomic ion must equal the ion charge. 
These rules can be summarized to some extent by giving an atom -1 for any bonded atom of lesser electronegativity, +1 for any bonded atom of greater electronegativity and 0 for any bonded identical atoms.
V. Section 4-5 Oxidation –Reduction Reactions: An Introduction

a. In the beginning

i. Oxidation-originally referred to the combination of a substance with oxygen.

ii. Reduction- originally described the removal of oxygen

b. Now

i. Oxidation- is the increase in oxidation number and corresponds to the loss, or apparent loss, of electrons.

ii. Reduction- is a decrease in oxidation number and corresponds to a gain, or apparent gain, of electrons.

c. Because these happen together they are called REDOX reactions

i. Oxidizing agents are species that

1. Oxidize other substances

2. Contain atom that are reduced

3. Gain or appear to gain electrons

ii. Reducing agents are species that-

1. reduce other substances

2. contain atoms that are oxidized

3. lose or appear to lose electrons

d. Example 4-4 pg 142

e. Disproportionation reaction- a redox reaction in which the same element is oxidized and reduced.

f. Foolproof way to recognize a Redox reaction

i. Analyze oxidation number

ii. Determine the oxidation number of each element that appears in the reaction

iii. If oxidation state increase it is it is oxidized

iv. If reduction reaction then it is reduced

VI. Section 4-6  Combination Reactions

a. Definition-when two or more substances combine to form a compound

b. 3 Types

i. Element + Element ( Compound

1. Metal + Nonmetal ( Binary Ionic Compound

2. Nonmetal + Nonmetal ( Binary Covalent Compound

a. In general a higher oxidation state of a nonmetal is formed when it reacts with an excess of another nonmetal.

b. Nonmetals in odd-numbered periodic groups favor odd oxidation numbers,

c. Even numbered groups favor even oxidation number in their compounds.

d. The maximum oxidation number for a representative element is equal to its periodic group number

i. Ex. Sulfur group 6 

ii. Can from SF4 and SF6

ii. Compound + Element ( Compound

iii. Compound + Compound ( Compound
VII. Section 4-7 Decomposition Reactions

a. Definition- are those in which a compound decomposes to produce (1 ) two elements, (2) one or more elements and one or more compounds, or (3) two or more compounds. 

b. 3 Types

i. Compound ( Element + Element

ii. Compound ( Compound + Element 

1. alkali metal chlorates decompose and produce metal chlorides and oxygen

2. Alkali or Alkaline metal nitrates decompose to form metal nitrites and oxygen gas.

3. Hydrogen peroxide decomposes to form water and oxygen

iii. Compound ( Compound + Compound

1. Metal carbonates decompose to produce metal oxides and carbon dioxide.

2. Solid Hydroxide decomposes to produce a metal oxide and water vapor.

3. Ammonia Salts lose ammonia 

4. Ammonia salts with strong oxidizers (Nitrates, Nitrite, or Dichromate) decomposes to produces a metal oxide, water and nitrogen gas.
VIII. Section 4-8 Displacement Reactions

a. Definition- reactions in which one element displaces another from a compound.

b. Three types

i. More Active Metal + Salt of Less Active Metal ( Less Active Metal + Salt of More Active metal

ii. Active Metal + Nonoxidizing Acid ( Hydrogen + Salt of Acid

iii. Active Nonmetal + Salt of Less Active Nonmetal ( Less active Nonmetal + Salt of more Active Nonmetal
c. Use Table of Activity Series 

	Activity of Metals
	Activity of halogens

	Li
	React with cold water and acids, replacing hydrogen. React with oxygen forming oxides.
	F2

	Rb
	
	Cl2

	K
	
	Br2

	Ba
	
	I2

	Sr
	
	

	Ca
	
	

	Na
	
	

	Mg
	React with steam (but not cold water) and acids, replacing hydrogen. React with oxygen, forming oxides.
	

	Al
	
	

	Mn
	
	

	Zn
	
	

	Cr
	
	

	Fe
	
	

	Cd
	
	

	Co
	Do not react with water. React with acids, replacing hydrogen. React with oxygen, forming oxides.
	

	Ni
	
	

	Sn
	
	

	Pb
	
	

	H2
	React with oxygen, forming oxides.
	

	Sb
	
	

	Bi
	
	

	Cu
	
	

	Hg
	
	

	Ag
	Fairly unreactive, forming oxides only indirectly
	

	Pt
	
	

	Au
	
	


IX. Section 4-9 Metathesis Reactions

a. Definition-when two aqueous compounds ions appear to “change partners” to form two new compounds.

b. Three types 

i. Formation of predominately nonionized molecules (weak or nonelectrolytes) in solution: the most common such nonelectrolyte product is water.

1. Acid- Base (Neutralization) Reactions : Formation of a Nonelectrolyte

2. combination of acids and bases

3. produces a Salt and Water

ii. Formation of an insoluble salt: Precipitate

1. Switch ions

2. use solubility rules

iii. Formation of a gas 

1. When an acid is added to solid calcium carbonate, a reaction occurs in which carbonic acid, a weak acid, is produces. The carbonic acid decomposes to produce carbon dioxide gas and water

2. Many sulfide salts react with acids to form gaseous hydrogen sulfide. (the smell of rotten eggs)

X. Added from ch. 6 Combustion reactions

a. Reaction of organic and oxygen to produce water and carbon dioxide

b. Reaction of Hydrogen and oxygen to produce water
XI. Section  4-10 Summary of Chemical Reactions

XII. Section 4-11 Naming Binary  compounds

XIII. Section 4-12 Naming Ternary acids and their salts
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