CHEMICAL BONDING

Chemical bonding determines the nature of all of the compounds that affect our lives. Energy is absorbed and released by the breaking and formation of chemical bonds. In order to understand where the energy we use comes from we must have some understanding of chemical bonding.

Law of Conservation of Mass

No detectable change in the total mass occurs during a chemical reaction.
In other words, the total mass of the reactants equals the total mass of the products. This was first stated by Lavoisier.
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Example

Carbon + Oxygen  →  Carbon Dioxide

  4.09 g  +  10.91 g  →	15.00 g

Formula Mass

The formula mass of a compound or element is the sum of the atomic masses of all the atoms found in a formula. 

Example

Find the formula mass of hydrogen sulfide, H2S.

Atomic Mass of hydrogen = 1.008
Atomic Mass of sulfur       = 32.066

FM = 2(1.008) + 32.066 = 34.082

Law of Definite Proportions

Different samples of the same pure compound always contain the same elements in the same proportion by mass. This means that the mass ratio is always the same.
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Example

9 g of H2O contains 8 g of oxygen and 1 g of hydrogen

18 g of H2O contains 16 g of oxygen and 2 g of hydrogen

36 g of H2O contains 32 g of oxygen and 4 g of hydrogen

The mass ratio in water is always 8 to 1.

The percent composition can be found by dividing the total mass of an element in the formula of a compound by the formula mass of the compound.

Example

For carbon dioxide, CO2, the percent composition is:

FM = 12.0 + 2(16.0) = 44.0

%C = (12.0/44.0)x100% = 27.3%
%O = (32.0/44.0)x100% = 72.7%

When the elements forming a compound are not present in the exact percent composition ratio during a chemical reaction, one of the reactants will be completely used up. This one is called the limiting reactant. The other reactant(s) that is not completely used up is called the excess reactant.

Dalton's Atomic Theory

Dalton developed his atomic theory to explain the law of conservation of mass and the law of definite proportions.
There are three parts.
1. Each element is composed of indivisible particles called atoms. They are identical for each element but are different for different elements.(not exactly right).
2. A compound consists of molecules always formed from the same number of atoms of the same elements.
3. No atoms are created or destroyed or changed in identity during a chemical reaction, they are just rearranged.

Dalton's law successfully explained the conservation of mass and the law of definite proportions. Evidence in support of his law was provided by the discovery of the law of multiple proportions.
It states that any time two elements form two or more compounds, the mass ratio of any one element in identical samples of the two compounds will be two small whole numbers.

Example

H2SO3 - Sulfurous Acid
H2SO4 - Sulfuric Acid

The ratio of oxygen in these two compounds is 3 to 4.

Ionic bonding

When chemical bonds are formed, electrons are shared between atoms or they are transferred from one atom to another to create a positive and negative ion.
When chemical bonds are formed due to electron transfer, this process is called ionic bonding.
Chemical bonds are formed spontaneously when electrons move into lower energy states(much like when water flows downhill). A lower energy state occurs when an atom has an outer shell with an inert gas configuration.
For most elements this is eight electrons. For hydrogen, lithium, beryllium, and boron this number is two since they reach their lowest energy state with an electron configuration like helium.
In a 100% ionic bond, an electron is transferred from one atom to another making the atom that lost the electron positively charged and the atom that gained the electron negatively charged. Since positive and negative charges attract each other, the atoms are held together by this mutual attraction and an ionic bond is formed.

Example

Sodium has 1 electron in its outer shell. If it loses this electron, the remaining shells are complete with 2 electrons in the first shell and 8 electrons in the second shell.
Chlorine has 7 electrons in its outer shell. If it gains one more, its outer shell will be complete with 8.
Sodium loses one electron to chlorine and they are attracted to each other to form NaCl.

Most ionic compounds form solids called crystals. A crystal has an orderly, geometric arrangement of the atoms, molecules, or ions that make up the compound or element. Since each ion in a crystal is surrounded by several oppositely charged ions, individual molecules do not exist. The term formula unit is used since it expresses the smalles whole number ratio of one element to another in either a molecular or ionic compound.
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The formation of ionic as well as molecular compounds can be represented with Lewis dot symbols and structures.
An atom is represented by writing its chemical symbol surrounded by dots representing the number of electrons found in its valence shell.

Example

Sodium Chloride

Positive ions are called cations and negative ions are called anions. The charge on the cations produced from metals is generally equal to the number of valence electrons the atom has. In the case of the anions produced from nonmetals, the number 8 is subtracted from the number of valence electrons to determine the negative charge.

[image: ]



Since group 8 elements have 8 electrons in the outer shell, they neither gain nor lose electrons and do not form chemical bonds with anything. They can be artificially forced to.

When chemical bonds form, the number of electrons lost by one element must equal the number of electrons gained by the other element. Electrons lost and electron spaces must match up. 
An atom of calcium has 2 valence electrons. An atom of chlorine has only 1 space(7 valence electrons). So it takes two chlorine atoms to accommodate the two valence electrons in calcium. The formula is CaCl2. 

When writing formulas for most ionic and covalent binary compounds, use the criss-cross method. 
1. Write the chemical symbol for the positive ion on the left and the negative ion on the right.
2. Write the valence number above each symbol
3. Write the valence number of the positive ion as the subscript for the negative ion.
4. Write the valence number of the negative ion(without the minus sign) as the subscript for the positive ion.

Example

Aluminum Oxide

Al+3  O-2
Al2O3

The Stock System

Some metals form two or more ions with different valence numbers. When naming these compounds, the roman numeral corresponding to the valence is placed in parentheses after the name of the positive ion.

Example

CrCl2		Chromium(II) Chloride	valence = +2

CrCl3		Chromium(III)Chloride	valence = +3

Some other metals that do this are copper, gold, iron and nickel.

Covalent Bonding

When one or more pairs of electrons are shared by two atoms, the bond is said to be covalent.
Pure covalent bonds occur when electron pairs are shared by two identical atoms such as H2, O2, and N2.
Since they are identical, neither atom attracts the electron pair(s) with more force than the other.
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These molecules are stable when the electron configuration of all the atoms in the molecule obeys the octet rule.

Draw on the board

Lewis dot examples for hydrogen and oxygen
Lewis dot examples for ammonia and methane

In covalently bonded compounds, two or three pairs of electrons can be shared by two atoms. When two pairs are shared the chemical bond is called a double bond. When three pairs are shared it is called a triple bond.

Characteristics of Ionic Compounds

1. Crystalline solids made of ions

2. High melting and boiling points

3. Conduct electricity when melted

4. Most are soluble in water but not in nonpolar liquids

Characteristics of Covalent Compounds

1. Can be gasses, liquids or solids made of molecules

2. Low melting and boiling points

3. Poor electrical conductors in all phases

4. Many soluble in nonpolar liquids but not in water

Polar covalent bonds occur when the sharing of electrons is unequal. The atom that needs to gain electrons may pull the electrons in closer to itself and essentially make its end of the molecule negative leaving the other end with a net positive charge.
Molecules formed this way are called polar molecules.
The measure of this ability to attract electrons is called electronegativity.
Water is a polar molecule since it has polar bonds and it is not symmetrical about all axes. Carbon tetrachloride has 4 polar bonds but is not a polar molecule because of its symmetry.
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Hydrogen Bonding

A hydrogen bond is the attraction of a positive hydrogen nucleus for the negative end of any polar molecule containing oxygen, fluorine, or nitrogen. This bond is weak, only about 5% to 10% as strong as a normal covalent bond. 
It is strong enough to affect physical properties of a compound. This is why water is a liquid at room temperature and sulfur dioxide is not.
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Figure 12.13
A Summary of lonic and Covalent Bonding
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Figure 12.1a
The Law of Conservation of Mass
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Figure 12.3
Law of Definite Proportions
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Figure 12.7
Pattern of lonic Charges
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