28

CHAPTER 2 • THE CHEMICAL LEVEL OF ORGANIZATION

2.1 How Matter Is Organized
OBJECTIVES

• Identify the main chemical elements of the human body.
• Describe the structures of atoms, ions, molecules, free
radicals, and compounds.

Chemical Elements
Matter exists in three states: solid, liquid, and gas. Solids, such as
bones and teeth, are compact and have a definite shape and
volume. Liquids, such as blood plasma, have a definite volume
and assume the shape of their container. Gases, like oxygen and
carbon dioxide, have neither a definite shape nor volume. All
forms of matter—both living and nonliving—are made up of a
limited number of building blocks called chemical elements.
Each element is a substance that cannot be split into a simpler
substance by ordinary chemical means. Scientists now recognize
118 elements. Of these, 92 occur naturally on Earth. The rest have
been produced from the natural elements using particle accelerators or nuclear reactors. Each named element is designated by a
chemical symbol, one or two letters of the element’s name in
English, Latin, or another language. Examples of chemical symbols are H for hydrogen, C for carbon, O for oxygen, N for nitrogen, Ca for calcium, and Na for sodium (natrium ⫽ sodium).*
Twenty-six different chemical elements normally are present in
your body. Just four elements, called the major elements, constitute

about 96% of the body’s mass: oxygen, carbon, hydrogen, and
nitrogen. Eight others, the lesser elements, contribute about
3.6% to the body’s mass: calcium, phosphorus (P), potassium
(K), sulfur (S), sodium, chlorine (Cl), magnesium (Mg), and
iron (Fe; ferrum ⫽ iron). An additional 14 elements—the trace
elements—are present in tiny amounts. Together, they account
for the remaining body mass, about 0.4%. Several trace elements
have important functions in the body. For example, iodine is
needed to make thyroid hormones. The functions of some trace
elements are unknown. Table 2.1 lists the main chemical elements of the human body.

Structure of Atoms
Each element is made up of atoms, the smallest units of matter
that retain the properties and characteristics of the element. Atoms
are extremely small. Two hundred thousand of the largest atoms
would fit on the period at the end of this sentence. Hydrogen
atoms, the smallest atoms, have a diameter less than 0.1 nanometer
(0.1 ⫻ 10⫺9 m ⫽ 0.0000000001 m), and the largest atoms are
only five times larger.
Dozens of different subatomic particles compose individual
atoms. However, only three types of subatomic particles are important for understanding the chemical reactions in the human
*The periodic table of elements, which lists all of the known chemical
elements, can be found in Appendix B.

TABLE
TABLE 2.1
1.3

Main Chemical Elements in the Body
CHEMICAL ELEMENT
(SYMBOL)
MAJOR ELEMENTS

% OF TOTAL
BODY MASS

SIGNIFICANCE

(about 96)

Oxygen (O)

65.0

Part of water and many organic (carbon-containing) molecules; used to generate ATP, a molecule used
by cells to temporarily store chemical energy.

Carbon (C)

18.5

Forms backbone chains and rings of all organic molecules: carbohydrates, lipids (fats), proteins, and
nucleic acids (DNA and RNA).

Hydrogen (H)

9.5

Constituent of water and most organic molecules; ionized form (H⫹) makes body fluids more acidic.

Nitrogen (N)

3.2

Component of all proteins and nucleic acids.

LESSER ELEMENTS
Calcium (Ca)

(about 3.6)
1.5

Contributes to hardness of bones and teeth; ionized form (Ca2⫹) needed for blood clotting, release of
some hormones, contraction of muscle, and many other processes.

Phosphorus (P)

1.0

Component of nucleic acids and ATP; required for normal bone and tooth structure.

Potassium (K)

0.35

Ionized form (K⫹) is the most plentiful cation (positively charged particle) in intracellular fluid; needed
to generate action potentials.

Sulfur (S)

0.25

Component of some vitamins and many proteins.

Sodium (Na)

0.2

Ionized form (Na⫹) is the most plentiful cation in extracellular fluid; essential for maintaining water
balance; needed to generate action potentials.

Chlorine (Cl)

0.2

Ionized form (Cl⫺) is the most plentiful anion (negatively charged particle) in extracellular fluid;
essential for maintaining water balance.

Magnesium (Mg)

0.1

Ionized form (Mg2⫹) needed for action of many enzymes (molecules that increase the rate of chemical
reactions in organisms).

Iron (Fe)

0.005

Ionized forms (Fe2⫹ and Fe3⫹) are part of hemoglobin (oxygen-carrying protein in red blood cells) and
some enzymes.

