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Stoichiometry; Percent Composition (Mass Percent) and Empirical and Molecular Formulas
OBJECTIVES:

1. Compare and contrast the mole as a number and as a mass.
2. Convert between number of particles, moles, and number of grams of a substance.
3. Distinguish between atomic mass, molecular mass, and formula mass.

4. Calculate the molar mass of an element and the molecular mass of a compound.
5. Calculate the percent composition (mass percent) of a compound, given its formula.

6. Determine the empirical formula of a compound, given its percent composition.
7. Determine the molecular formula of a compound, given its empirical formula and either its molar mass or molecular mass.

Stoichiometry is a method used to measure the amounts of substances involved in chemical reactions and relate them to one another.  For example, a sample’s mass or volume can be converted to the number of particles in the sample.  Since atoms are so small, in order to count how many are in a sample, we group them into larger units.  The group or unit of measurement used to count number of atoms, molecules, or formula units of substances is the mole, abbreviated mol.  It is most convenient to define the mole as the number equal to the number of carbon atoms in exactly 12 grams of pure carbon-12.  The number of things in one mole is 6.02 x 1023, which is known as Avogadro’s constant.  The mass of one mol of an element is called the molar mass, where 1amu is equivalent to 1mol.  So the mass of 1mol of carbon is 12g since the atomic mass of carbon is 12amu.  The units for molar mass are grams per mol, g/mol.  

This rule also applies to molecules, not just atoms.  The molecular mass of a covalent compound is the mass in amu of one molecule.  Its molar mass is the mass in grams of 1mol of its molecules.  The formula mass of an ionic compound is the mass in amu of one formula unit.  Its molar mass is the mass in grams of 1mol of its formula mass.  Oxygen gas is composed of 2 atoms of oxygen.  So the mass of 1mol of O2 is 32g since 1 molecule has an atomic mass of 32amu.   
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The formula for a compound indicates the number and kind of each atom in a representative particle of the compound.  But there are different types of formulas and different information you can learn from them.  You need to understand how a chemical formula is determined and the relationship among the various elements in a compound. 

The percent composition of a compound tells you the percent of the mass made up by each element in the compound.  The mass of each element in a compound compared to the entire mass of the compound and multiplied by 100% is the percent composition of the compound.  
Percent Composition From Formulas:
% element = (# of atoms of element)(atomic mass of element) x 100%

                        

    (formula/molecular mass of compound)

The empirical formula is the smallest whole number ratio of atoms in a compound.  

Procedure for Determining the Empirical Formula of a Compound:

1. Express composition in grams.  If percent composition is given, assume a 100 g sample. 

2. Determine the number of moles of each element.  (convert grams to moles) 

3. Divide the moles of each element by the smallest number of moles to obtain the mole ratio, which is also the atom ratio. 

4. Round the mole ratio so you have whole number.  This ratio represents the number of atoms of each element in the compound. 

The formula that gives the actual number of atoms of each element in a molecular compound is called the molecular formula.  It is always a whole-number multiple of the empirical formula.  You can determine the molecular formula for an unknown compounds by knowing its empirical formula and its molecular mass.
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