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Chapter 5: Molecules and Compounds
In this chapter we will learn how compounds are formed, the types of chemical bonds in the compounds, how to write correct formulas and name the two types of compounds. 

Molecules and Compounds

A molecule is a particle of matter in which there are two or more atoms combined together chemically.

In Chapter 3, we learned that pure substances could be classified either as elements or compounds. Elements may exist as individual atoms, or as molecules, depending on the element. Elements that exist as molecules have more than one atom of the same type chemically joined together. 
A compound is made up of two or more elements (two or more types of atoms) which have been chemically combined and therefore exists as molecules.  Examples of compounds are water, H2O; sulfuric acid, H2SO4; carbon monoxide, CO. Compounds generally have completely different properties than the elements from which they are formed.  For example, table salt, NaCl (sodium chloride), is commonly used to make our food taste better, but both sodium metal and chlorine gas can be quite harmful as individual elements. 
Law of Constant Composition

In a compound, there are two or more different types of atoms present. However, it is important to realize that a compound has a fixed composition, whereas a mixture has variable composition. The Law of Constant Composition (sometimes called the Law of Definite Proportion) states that a compound will always be made up of the same elements combined in the same ratios by mass. For example, water will always have eight parts of oxygen for every part of hydrogen by mass.
Chemical Formulas

Chemical formulas provide us with a shorthand way of describing the makeup of a compound by listing the type of atoms present as well as the number of atoms in the smallest unit of the compound.

In a chemical formula, the atom types are represented by the element symbol from the periodic table. If more than one atom of a particular type is present, a subscript numeral to the right of the element symbol specifies how many are present.  For example, the formula of the compound ammonia is NH3; one unit of ammonia contains one nitrogen atom and three hydrogen atoms. If there is only one atom of a particular type, the subscript “1” is not used.  Use parentheses around a repeating group of atoms in a formula. 

Elements can be atomic or molecular

As we stated previously, elements can exist as individual atoms (atomic elements) or as molecules (molecular elements.)  
Molecular Elements: Rule of Sevens
There are seven common molecular elements that occur naturally as 2-atom molecules:  H2, N2, O2, F2, Cl2, Br2, and  I2.   If you locate these elements on the periodic table, you will notice that beginning at nitrogen, six of these elements form a figure “7”.  You must remember to add hydrogen into this group to account for all seven elements. This is called the rule of 7’s.  

A two-atom molecule is called a diatomic molecule.  These seven molecular elements are diatomic. You can also have molecular compounds that are diatomic .
Compounds can be molecular or ionic
Compounds can be classified as molecular compounds or as ionic compounds.

Ionic compounds are made up of ions (pronounced “eye′-ons”.) Ions are atoms or molecules that have an overall charge: positively charged ions are called cations (pronounced “cat′-eye-ons”) and negatively charged ions are called anions (pronounced “an′-eye-ons”).  A molecule that carries an overall positive or negative charge is called a polyatomic ion. Ionic compounds can be recognized as compounds made up of a metal bonded to a nonmetal or as compounds containing polyatomic ions. 

Molecular compounds are those containing only nonmetals bonded together and in which there are no polyatomic ions present. 
CaCl2 would be an ionic compound because it contains a metal bonded to a nonmetal. 

NH4NO3 would be an ionic compound because it contains at least one polyatomic ion. (More about polyatomic ions later…)
NH3 and H2O would be molecular compounds because they contain only nonmetals bonded to each other and there are no polyatomic ions. 
The smallest unit of a molecular compound is a molecule. In an ionic compound, there are no molecule units; rather, there is an array or latticework of repeating units of cations and anions, which we call a “formula unit.”
Writing Formulas of Binary Ionic Compounds

Binary ionic compounds, as the name implies, are composed of two elements.  How do we write the correct formula for the ionic compounds formed between a metal and a non-metal?  There are 3 steps to follow: you will remember these by practicing how to write formulas.

1. Write the symbol for the cation first, followed by the symbol for the anion. For the ionic compound formed between magnesium and chlorine, write Mg+2 Cl-1. 

2. Cross over the charges so that the charge on the cation becomes the subscript for the anion and the charge for the anion becomes the subscript for the cation.  Therefore in the magnesium chloride example, you would write Mg -1 Cl+2 .Drop the positive and negative signs. For magnesium chloride, the formula would therefore be MgCl2.  (If the subscript is 1, it is not written.)

3. Reduce and simplify so that subscripts are the lowest whole number ratios. For example, in the ionic compound formed between calcium and sulfur, Ca+2 and S-2 ( Ca2S2 ( CaS. 

4. Although an ionic compound is composed of charged particles, they must combine in such a way that the compound has an overall charge of zero so that the compound is neutral.  

Predicting Charges of Ions

The above instructions assume that you will know what the charge an ion will have. How will you know?

If an atom loses one or more electrons, there will be more protons than electrons in the atom; therefore, it will become positively charged, a cation.  The positive (+) charge will be equal to the number of electrons lost. 
 If an atom gains one or more electrons, there will be more electrons than protons; the atom becomes negatively charged, an anion.  The negative (–) charge will be equal to the number of electrons gained.  
Once more to help you remember, a atom loses electron(s) to form a cation; an atom gains electron(s) to form an anion.  
How do we know how many electrons an atom will lose or gain?  For many elements,  is relatively easy: look at its position in the periodic table.  Main group elements (group 1A-7A) form only one charge, and the group number is the number of electrons in the outermost shell of the atom. The atoms will take the easiest route to having eight electrons in their outer shell; they want to lose or gain electrons to have the more stable electron configuration of a noble gas, an octet. An atom with less than four electrons in its outermost shell will lose electrons and an atom with more than four electrons in its outermost shell will gain electrons. Atoms with four outer electrons prefer to share rather than gaining or losing.

For main group (“A” group) elements, the group number is equal to the number of electrons in the outermost shell. Group 1A elements will lose their 1 valence electron and will always have +1 charge, group 2A will lose 2 electrons and form ions with +2 charge and group 3A will lose 3 electrons and form ions with +3 charge.  
Group 4A elements do not have a strong desire to lose or gain electrons but prefer to share, so they don’t form stable monatomic ions.  
Groups 5A-7A need to gain electrons to have the stable configuration of an octet.  Group 5A needs 3 electrons, so will gain 3 electrons and form –3, Group 6A will form  –2 and Group 7A will form –1 ions. 
Will a group 1A element form +2 ion?  No!! It will not be stable.  Will a group 2 element form a +1 ion?  No!!  It will not form a stable ion.

Naming Ionic Compounds

Ionic compounds are composed of a cation and an anion. To name ionic compounds from their formulas, simply name the cation first, followed by the anion. Here are the rules for naming cations and anions.
If the cation is a Type I or main group (“A” group) metal, it will only have one possible charge, which is understood. There is no need to specify it in naming.  So Mg2+  is simply magnesium ion. 
If the cation is a Type II metal, (these are transition metals that can have more than one possible charge), the name of the cation is the name of the metal followed by its charge, expressed as a Roman numeral in parentheses. Thus in naming Fe3+ will be called iron(III)  and Fe2+ will be called iron(II). You must determine the charge on the cation by looking at the anion it is paired with. In an ionic compound, the charges must add up to give zero so the compound will be neutral- it will have no overall charge. 
If the cation is a polyatomic ion, you must know its name. The only polyatomic cation you need to be concerned about is the ammonium ion which is NH4+. 

If the anion is a nonmetal, it is named by dropping the ending of the element name and adding “–ide” in its place. Thus, the anion formed by the element chlorine is called “chloride,” and the anion formed by oxygen is “oxide.”

If the anion is a polyatomic ion, you must know its name. 
Examples of Formulas and Names of Binary Ionic compounds

The powerpoint slides include some slides  to help you practice how to write the correct formulas and names for a few binary ionic compounds.  Test yourself by choosing elements from groups 1 –3 A and form compounds with elements from groups 5-7.  Practice writing their formulas and names.

Polyatomic Ions.

Polyatomic ions are ions made up of two or more elements.  These ions are formed when molecules lose or gain electrons.  Examples of polyatomic ions, their formulas, charges and electron-dot structures are illustrated in the slides. You should be able to recognize and name the following polyatomic ions: ammonium (the only polyatomic cation of importance in this course), acetate, carbonate, hydrogen carbonate (also known as bicarbonate), hydroxide, nitrate, nitrite, sulfate, and  chlorate. 

Writing formulas and Naming Ionic compounds with Polyatomic Ions

To write the formula of ionic compounds with polyatomic ions, follow the same procedure as previously described for monatomic ions.  Write the cation and its charge first, then the anion and its charge then crossover the charges.  If a subscript is written for the polyatomic ion, it must be taken as a unit and enclosed in parentheses, then the subscript is written.  The subscript multiplies the subscript on each atom in the polyatomic ion. Examples are shown for compounds formed between Na and SO42– ( Na2SO4, Fe3+ and NO3–( Fe(NO3)3.
Naming Binary Molecular Compounds

Remember that molecular compounds are composed only of nonmetal elements; it is important to remember that molecular compounds will not contain polyatomic ions such as ammonium. If ammonium is part of the element name (or NH4+ is in the compound’s formula) it will be an ionic compound, even if there are no metals in the compound.
To name molecular compounds there are 3 simple rules to follow:

1. Name the first nonmetal in the formula, using the full name of the element.  

2. Name the second nonmetallic element but change the ending of its name to –ide. 

3. Use a prefix in front of each name to tell how many atoms of each element are in the compound as indicated by the subscripts in the formula. Use mono- = 1; di- = 2; tri- = 3; tetra- = 4, etc. (Exception: Never use “mono–“ in front of the first element name.) The prefixes for numbers one through 8 should be memorized.
Example: BF3 would be named boron trifluoride; P2O5 would be diphosphorus pentoxide. 
Determining the Formula Mass

In the previous chapters, we designated the average mass of an atom in an element as the atomic mass in atomic mass units (amu). When we talk about compounds, we define the formula mass as being the sum of the atomic masses of each atom in a formula unit for an ionic compound or in the molecular formula for a molecular compound. 
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