A Figure 1 This image of silicon
atoms was made by a scanning
tunneling microscope.
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» Describe the three kinds of
subatomic particles.

* Why is an element’s atomic
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» How is the periodic table
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- Atoms

verything around us—water, air, land, and even living
things—is made of matter. Matter is anything that has
mass and takes up space. All matter is made of tiny
building blocks called atoms. Atoms are so small that we cannot
see them, except with powerful microscopes (Figure 1). Scientists
have gathered evidence about the structure of atoms by
experimenting with how substances behave.

Scientists have found that most of an atom’s mass is located
in its center, calied the nucleus. An atom’s nucleus is made
of smaller, subatomic particles called protons and neutrons
(Figure 2). A proton is a subatomic particle with a positive (+)
electric charge. Every atom has at least one proton in its nucleus.
The nuclei of most atoms also contain neutrons. Neutrons are
subatomic particles with no electric charge. They are neutral.

A proton and a neutron have about the same mass.

The size of an atom’s nucleus is very tiny compared to the size
of the whole atom. Most of the area around the nucleus is empty
space. An atom’s electrons move around in this space. Electrons
are a third kind of subatomic particle. An electron has a negative
(-) electric charge. Imagine that the nucleus of an atom is the size
of the period at the end of this sentence. The closest electrons
would be moving around it about SO meters (about 164 feet)
away. Electrons have very little mass. An electron is 1,836 times
lighter than a proton.
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A Figure 2 A helium atom contains two protons, two neutrons, and two
electrons. in the model shown, the electron cloud is the region where the
electrons are most likely to be located.




When the number of electrons in an atom
is equal to the number of protons, the atom as
a whole is neutral. The electric charges of the
subatomic particles are balanced.

Scientists used to think that electrons
revolved around the nucleus in predictable
paths, like planets revolving around the Sun.
Now we know that this is not true. Instead,
electrons move quickly throughout al) the
space around the nucleus. Scientists show this
using a model called the electron cloud model.
We cannot know exactly where the electrons
are at any given time, but the cloud represents
the area where electrons are most likely to
be found.

An atom can be identified by the number
of protons in its nucleus. This number is called
the atom’s atomic number. ['or example,

a hydrogen (H) atom has one proton in its
nucleus, so hydrogen’s atomic number is 1.
Any atom with only one proton is a hydrogen
atom. Helium (He) has two protons, so its
atomic number is 2. Lithium (Li) has three
protons, so its atomic number is 3, and so on.

The atomic mass number of an atom is
equal to the number of protons plus the
number of neutrons in its nucleus. The number
of electrons is not included in the mass number
because the mass of an electron is so small.

Most oxygen (O) atoms have eight protons

and eight neutrons, giving them a mass number
of 16. However, not all oxygen atoms have
eight neutrons. Atoms of the same type that
have different numbers of neutrons are called
isotopes. Oxygen in the air is a mixture

of three different oxygen isotopes.

Recall that electrons are always moving
around the nucleus. Their distance from the
nucleus depends on how much energy they
have. The various positions that electrons can
occupy in an atom are called shells or energy
levels. Electrons in the energy levels that are
closest to the nucleus have low energy.
Electrons in the energy levels that are farther
away from the nucleus have higher energy.
Lach energy level can hold only a certain
number of electrons. The electrons in the
outermost energy level are called valence
electrous (Figure 3). The number of valence
electrons that an atom has is an important
property. Jt determines the way the atom
will join with other atoms.

An atom will gain, lose, or share electrons
with other atoms in order to fill its outermost
energy level. Most atoms need eight valence
electrons to fill their outer level. Hydrogen and
helium are two exceptions. They need only
two valence electrons to fill their outer level.
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™ < Figure 3
Dot diagrams show
the number of valence
electrons in an atom.
A neon atom has eight
valence i lect
. electron valence electrons.
2 N To show this, eight dots

o are positioned, two per
23 ? side, around neon's
chemical symbol, Ne.
a 2 A sodium atom has only
one valence electron.
3 Which kind of atom, neon
& or sodium, is more likely
2 to join with other atoms

in order to have a full
) outermost energy level?




Elements

An element is a substance that cannot
be broken down chemically into any other
substance. An element is made up of only one
kind of atom. More than 100 different kinds
of elements are known. Recall that the number
of protons in an atom’s nucleus determines
its identity. The simplest element is hydrogen.
It has one proton. The most complex element
tound in nature is uranium (U). It has 92
protons. Elements with greater than 92 protons
have been created artificially in a laboratory.
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Scientists have organized the elements in a
chart called the periodic table (Figure 4). Fach
box in the table represents an element. The
elements are arranged according to their atomic
number. The element’s atomic number, chemical
symbol, name, and average atomic mass are
displayed from top to bottom in each box.

The rows of the periodic table are called
periods. The atomic numbers increase from left
to right across a row. All the elements in the
same row or period have the same number

of energy levels. For example, every element

in the fourth period has four energy levels tor its
electrons. All the elements in the fifth period
have five energy levels for their electrons.

The columns of the periodic table are called
groups or families. Elements in the same group
have similar properties and the same number

of valence electrons. Every element in the first

Periodic Table of Elements

A Figure 4 The periodic table displays
data about each element and groups similar

elements together.
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Group 17 has seven valence electrons. These
elements are also very reactive.
The elements that make up Group 18 are
known as noble gases. The atoms of all noble
gases have full outer energy levels. So all noble

gases have eight valence electrons, except
helium, which is full with two valence electrons.
Because the atoms of noble gases have full
outer energy levels, they do not readily bond
with other atoms. We say they are stable,
Or unreactive.
Most elements are metals. Copper (Cu),
iron (Fe), and aluminum (Al) are common
metals. Most metals are solids at room
temperature (about 22°C or 72°F). An exception

contains the metal copper. Many metals, such as
gold (Au), are shiny.

Other elements have properties that differ
from those of metals. Nonmetals are elements
that are not shiny and cannot be stretched into
wires. Heat and electricity do not move easily
through nonmetals. Most nonmetals are gases
or solids at room temperature. Oxygen and
nitrogen (N) are two common nonmetal gases
in the air we breathe.

Some elements have properties in between
those of metals and nonmetals. These elements
are called metalloids. For example, silicon (Si)
is a metalloid. It conducts electricity better than

a nonmetal does, but not as well

is mercury (Hg), which is a liquid at room as a metal.
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Flements ] 12-116 were reported recently and have temporary names and symbols.
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