Composition of Compounds 3
Empirical and Molecular Formulas

INFORMATION

An empirical formula is a “lowest common denominator” molecular formula for covalent molecules.
It represents the ratio in which atoms combine to form compounds, but not the actual numbers of atoms
in the compound. Multiple compounds can have the same empirical formula.

Glucose, CsH,0¢, contains carbon, hydrogen, and oxygen. The ratio of carbon to hydrogen to
oxygen is 1:2:1. CH>O is the empirical formula for glucose.

Since the percent composition of each element in an empirical formula represents the ratio in which they
occur, the percent composition can be used, in conjunction with the molar weights of the elements, to
determine the empirical formula of a compound. It is generally prudent to assume a 100.0 gram sample
of the compound for the purpose of simplifying the calculations.

;% Key Question

Caffeine has the following percent composition: carbon, 49.48%; hydrogen 5.19%; oxygen, 16.48%;
and nitrogen, 28.85%. What is its empirical formula?
INFORMATION
A molecular formula is a formula that represents the actual number of each atom in a compound.
Whereas CH;O is the empirical formula for glucose, C¢H1,0g is the molecular formula. An actual
molecule of glucose contains six carbon atoms, twelve hydrogen atoms, and six oxygen atoms.
Since an empirical formula indicates the ratios of the elements in the compound, it can be used, along

with the molar weight of the compound, to determine the molecular formula. As with empirical
formulas, assume a 100.0 gram sample to simplify the calculations.

ﬁ Key Question

2. The molar weight of caffeine is 194.19 g/mol. What is its molecular formula?
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Supplementary Exercises
Determining Empirical and Molecular Formulas

. A compound is found to have 46.67% nitrogen, 6.70% hydrogen, 19.98% carbon and 26.65%

oxygen. What is its empirical formula?

Benzoic acid contains 68.8% carbon, 4.95% hydrogen and 26.25% oxygen. Find the empirical
formula.

A compound consists of 75.0% magnesium and 25.0% oxygen by mass. What is the empirical
formula?

A compound contains 50.0% magnesium, 24.0% carbon, 16.0% oxygen, and 10.0% hydrogen. What
is the empirical formula?

Freons are gaseous compounds used in refrigeration. A particular Freon contains 9.93% carbon,
58.64% chlorine, and 31.43% fluorine. What is the empirical formula?

A compound consists of 85.0% silver and 15.0% fluorine by mass. What is the empirical formula?

A compound consists of 40.0% calcium, 12.0% carbon, and 48.0% oxygen by mass. What is the
empirical formula by mass?

A compound with an empirical formula if CH is found to have a molar mass of 26.04 g/mol. What is
its molecular formula?

A compound has an empirical formula of CICH,, and its molar weight is 98.96 g/mol. What is the
molecular formula of this compound?

A compound contains 75.46% carbon, 4.43% hydrogen, and 20.11% oxygen by mass. It has a molar
weight of 318.31 g/mol. What is the molecular formula?
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