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Combining Atoms and Molecules

lesson © How Atoms Form Compounds

Grade Eight Science Content Standard. 3.b. Students know that compounds are formed by combining two or more different elements and that compounds

\ have properties that are different from their constituent elements. Also covers: 3.3,3.f, 7.c.

@ Before You Read

To make a cake, you need to mix flour, sugar, salt, eggs,
water, and baking soda. The individual ingredients are
different from the cake that is made after baking. On the
lines below, list the ways in which the ingredients are
different from the cake. Why do you think they’re different?
In this lesson you will learn how elements combine to form
compounds.

@Read to Learn .o,

What is a compound?

A compound is a pure substance that contains two or
more elements. Most of the matter around you is made of
compounds.

What is a chemical formula?

A chemical formula uses atomic symbols and numbers
called subscripts to show the elements and the number of
atoms of each element that combine to form a compound.
Maybe you have called water H two O. That’s how you read
the chemical formula for water, H,O. The subscript 2 found
after the hydrogen symbol H means that a molecule of
water has two hydrogen atoms. A molecule is a particle with
no charge that forms as a result of electrons being shared.
The element oxygen, O, has no subscript. No subscript
means that there is only one oxygen atom in water. The
chemical formula for sugar is C1,H»,0;;. The subscript 12,
after carbon, C, shows that one molecule of sugar has 12
carbon atoms. The subscript 22 after the H shows there are
22 atoms of hydrogen in one molecule of sugar.

Compounds are different from
the elements that form them.

What You'll Learn

B the differences between ionic
and covalent bonding

® how atoms can become stable
by forming chemical bonds
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1. Explain How is table salt

different from the elements :

sodium and chlorine that
make it up?

Academic Vocabulary
neutral (NEW trul) (adj) not
electrically charged

2. Determine What is an
ionic bond?

How are compounds different from

their elements?

Compounds have different properties from the elements
that make them up. For example, the element sodium is a
soft, shiny metal. Chlorine is a gas at room temperature.
This element is a greenish-yellow and is poisonous. When
sodium and chlorine combine to form a compound, they
make table salt—the seasoning you put on your food. @

lonic Bonds and lonic Compounds

Imagine that you have two balloons that are blown up.
You rub one with wool to give it a negative charge. You rub
the other one with plastic wrap to give it a positive charge.
The balloons will now stick together because opposite
charges attract. The force that holds the balloons together
is the same kind of force that holds atoms together in a
compound.

What happens when electrons are transferred?
Just as the balloons became charged by rubbing, an atom
of an element can become charged by transferring one or
more electrons to a different atom. Both atoms become
charged particles, or ions. An ion is an atom that is no
longer neutral because it has gained or lost electrons. A
positive ion has fewer electrons than protons. A negative ion
has more electrons than protons. The atom that gives up the
electron becomes positively charged. The atom that receives
the electron becomes negatively charged. For example, a
lithium (LIH thee um) atom transfers an electron to a
fluorine (FLOOR een) atom. Lithium becomes a positively
charged ion. Fluorine becomes a negatively charged ion.
When fluorine and lithium join, they form a compound.

Lt 4+ F~ > LiF
Lithium ion + Fluorine ion = Lithium fluoride

What is an ionic bond?

Like the balloons, the two ions attract each other and
stick together. They form a chemical bond. A chemical
bond is a force that holds atoms together in a compound.
A bond between oppositely charged ions is called an
ionic bond. An ionic bond is an electrical attraction
between positively and negatively charged ions in an ionic
compound.
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What are ionic compounds?

When lithium transfers an electron to fluorine it forms
a compound called lithium fluoride. Lithium fluoride is an
example of a simple ionic compound because it has ions
of only two elements. An ionic compound formed from
two elements is called a binary compound. Binary describes
anything that has two parts. The charges of the ions in a
compound always balance and the compound is neutral. &

The periodic table can help you tell if an ion formed
will be positive or negative. Elements in the same column
of the periodic table are called a group. The groups have a
number at the top of the column, as shown in the figure
below. Group 1, has metals like lithium and sodium. These
elements can transfer one electron. After the electron
transfer, the atom becomes a positively charged ion with a
+1 charge. The symbol for a sodium ion would be written
as Na™.

In Group 17, you will find nonmetals. Elements in this
group can gain one electron to form an ion with a negative
charge of —1. The symbol for a chloride ion would be
written as Cl .

When a positive ion from Group 1 joins with a
negative ion from Group 17, an ionic compound forms.
The compound is sodium chloride (NaCl). This binary
compound is commonly called table salt.

i

3. Define What is a binary
compound?

: Academic Vocabulary
. symbol (SIHM bul) (noun) a

- sign that represents an element,
- object, relationship, or quantity

Picture This

4. Identify Highlight the
two elements that can
combine to form table salt.
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5. State How many
electrons are transferred
when magnesium fluoride,
MgF5, forms?

Picture This

6. Explain Draw an arrow
from the dot in the sodium
dot diagram to the place
in the dot diagram for
chlorine, Cl, where the
electron will be located in
sodium chloride.

How are other binary compounds formed?

You learned that Group 1 and Group 17 elements can
combine to form binary compounds by losing or gaining
one electron. Group 2 elements, like magnesium and
calcium, are metals. They can lose two electrons and form
ions with +2 charges (Mg** and Ca®"). Elements in Group
16, like sulfur and oxygen, are nonmetals. They can gain two
electrons to form ions with —2 charges (O* and S*). When
magnesium transfers two electrons to oxygen, magnesium
oxide, MgO, is formed. In a similar way, magnesium
fluoride, MgF,, can form. In this case, magnesium transfers
one electron to each of two fluorine atoms. @

What are some properties of ionic
compounds?

Tonic compounds are usually solids at room temperature.
They are brittle, which means they easily break apart. They
have high melting points and high boiling points compared
to other compounds. Also, many ionic compounds dissolve
in water. Water that contains dissolved ionic compounds is a
good conductor of electricity.

What are Lewis dot diagrams?

Lewis dot diagrams were developed by Gilbert Lewis in
1923. They can help predict how compounds will form. To
make a Lewis dot diagram for an atom, you need to know
the valence, or the number of electrons in the outermost
energy level. The valence is the same for all elements in a
group. For example, both sodium and lithium are in Group
1, and have a valence of one. This means that both sodium
and lithium have one electron in the outermost energy level.
Chlorine and fluorine are in Group 17 and have a valence
of seven. The formula below for sodium chloride shows the
Lewis dot diagram for the sodium ion and the chloride ion.

Na® + CI — [NaT[::Ciz}_

Sodium atom Chlorine atom Sodium Chloride
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