Unit 8-Chemical Reactions 
and Properties of Matter
The symbols on the periodic table are used to represent elements. The symbols can also be used to represent compounds. For example, water (H2O) is always represented with two atoms of hydrogen and one atom of oxygen. The symbolic representation of water, H2O, is called a formula
Although most elements can be represented by their symbol, there are some exceptions. Elements such as hydrogen and oxygen, when not bound to other elements, occur as two atoms combined together forming a molecule. So hydrogen is written as H2, and oxygen is written as O2. These types of molecules are called diatomic molecules. Elements in Group 17, the halogens, as well as hydrogen, oxygen, and nitrogen can all form diatomic molecules.
When naming binary covalent compounds, prefixes are used to indicate how many atoms of each element are present. For example, N2O5 would be named dinitrogen pentoxide.
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Many times chemical properties describe the reaction of ions with other ions to produce ionic compounds. Binary ionic compounds contain only two different elements. Sodium chloride, NaCl, is an example of a binary ionic compound.

Any combination of cations and anions can form a binary ionic compound. To name this

type of compound, simply write the name of the element that forms the cation first. Then

follow with the name of the anion. The name of the anion will usually contain the first

syllable of the element name and end with the suffix “-ide”. For example, the formula

unit AlCl3 would be named aluminum chloride. Notice the cation has the element name

and the first syllable of chlorine, “chlor-” has gained the “-ide” ending.
Superscript vs. Subscript
Superscripts are used to designate

 the ionic form of an element, OH-
Subscripts are used to represent the

                                                    number of atoms in a compound, H2.

The number one is not written with

                                                    the charge or symbol.
One indicator of an atom’s ability to combine with other atoms is its oxidation number. This number tells you how many electrons an atom will gain, lose, or share when it forms a compound. Since compounds are neutral, the sum of the oxidation numbers of a compound’s atoms is equal to zero.

The law of conservation of mass can be used to balance chemical equations which are

used to show what happens in a chemical reaction. Earlier it was mentioned that 1 mole

of gas was equivalent to 6.02×1023 atoms or molecules. The mole is also equal to that

amount of substance having a mass (in grams) that is equal to the formula mass. The

formula mass is simply the sum of the atomic masses of all the atoms represented in the

chemical formula. This quantity is expressed in atomic mass units (AMU). Water has

the chemical formula H2O. Using the atomic masses in the periodic table, the formula

mass would equal 2 × 1.008 + 16.00 = 18.02 AMU. One mole of water, therefore, would

have a mass of 18.02 grams. In chemical equations, the coefficients in front of the

chemical formulas represent the number of moles of reactants or products. The

combustion reaction of hydrogen and oxygen is shown below.

2H2+O2→2H2O

The chemical equation shows that 2 moles of hydrogen plus 1 mole of oxygen yields 2

moles of water. Notice that the moles of hydrogen atoms (2 × 2 = 4) and oxygen atoms

(1 × 2 = 2) on the reactant side equal the number of hydrogen and oxygen atoms on the

product side.

In a chemical equation, the beginning substances are known as reactants and are written on the left side of the equation. Sodium and chlorine are the reactants in the above equation. The substance(s) formed are known as products and are written on the right side of the equation. Sodium chloride is the product in the above equation. An arrow in the chemical reaction means “yields” or “produces.”

Matter, like energy, is neither created nor destroyed. In a chemical reaction, the same

number of atoms occurs in the products as in the original reactants. As a result, the mass

of the products always equals the mass of the reactants. This statement summarizes the

law of conservation of mass.

Because matter cannot be created nor destroyed, the reactants and products in chemical equations must be balanced. In other words, the number and kinds of atoms in the reactants (on the left) must be equal to the number and kinds of atoms in the products (on the right).

Let’s look at the formation of potassium chloride (KCl ) from potassium (K) and chlorine (Cl2). Remember that chlorine is a diatomic molecule. 
K + Cl2   [image: image2.png]


   KCl

In order to balance this equation.

The equation now looks like this:

2K + Cl2 [image: image3.png]


   2KCl
BALANCING CHEMICAL EQUATIONS

Use these basic steps for writing a balanced equation.

1. Identify the reactants and products.

2. Write a word equation.

3. Write the formulas for reactants and products. Remember some elements occur as molecules.

4. Use coefficients to make the number of atoms of each element the same on both sides.

5. Check your numbers again!
There are four basic types of chemical reactions that describe the rearrangement of atoms in a chemical reaction: synthesis, decomposition, single displacement, or double displacement.

In synthesis reactions, two or more substances combine to form a compound. The

reactants can be elements, compounds, or both. The following are examples of balanced synthesis reactions: A+B→AB
4Al + 3O2  [image: image4.png]


 2Al2O3

2H2O + 2SO3 [image: image5.png]


 2H2SO4

2KCl + 3O2 [image: image6.png]


 2KClO3

In decomposition reactions, a compound is broken down into two or more substances.

Examples of balanced decomposition reactions are as follows: AB→A+B
2Al2O3 [image: image7.png]


4Al + 3O2

2NaCl [image: image8.png]


 2Na + Cl2

CaCO3 [image: image9.png]


 CaO + CO2

Notice that decomposition reactions are the opposite of synthesis reactions.

In single displacement reactions, an uncombined element and a compound combine to

produce a different uncombined element and a new compound. In other words, one

element displaces another element. The following reactions are balanced single

displacement reactions. A+BC→AC+B
Ca + BeCl2 [image: image10.png]


 Be + CaCl2

2Na + 2H2O [image: image11.png]


 2NaOH + H2

In double displacement reactions, two different compounds combine to form two new

compounds. In other words, different atoms are exchanged between different compounds.

Examples of balanced double displacement reactions are as follows: AB+CD→AD+CB.
KOH + HBr [image: image12.png]


 KBr + HOH (or H2O)

MgS + 2HCl [image: image13.png]


 MgCl2 + H2S

2NaCl + H2SO4 [image: image14.png]


 Na2SO4 + 2HCl

.
When a chemical reaction, known as a chemical change, occurs, it involves energy changes. Some chemical reactions give off energy, usually as heat, and are called exothermic reactions. In exothermic reactions, the products are warmer than the reactants because energy is released during the reaction. An example would be an explosion.

Other chemical reactions absorb energy and are called endothermic reactions. In endothermic reactions, the products are cooler than the reactants because energy is absorbed during the reaction. Photosynthesis is an example of an endothermic reaction.
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