
Chapter 6 
The Structure of Matter 

Section 2 and 3 



Key Ideas 

Why do atoms form bonds? 

• How do ionic bonds and covalent bonds differ? 

• What gives metals their distinctive properties? 

• What makes a polyatomic ion different from 
other ions? 



Why Do Chemical Bonds Form? 

Atoms form bonds when their valence electrons 

interact. Recall that atoms with filled outermost 
energy levels are more stable than atoms with 
partially filled energy levels. In general, atoms 
join to form bonds so that each atom has a 
stable electron configuration. 

 

In other words, each atom binds in order to fill 
its outermost energy levels. 



There are two basic kinds of chemical bonding: 
ionic bonding and covalent bonding.  

 

The type of bonding in a compound determines 
many of the properties of the compound. 





What Are the Properties of Ionic Bonds? 

Ionic bonds form between oppositely charged ions. 

In general, atoms of metals, such as sodium and 
calcium, form positively charged ions.  

 

Atoms of nonmetals, such as chlorine and oxygen, 
form negatively charged ions.  

 

The attraction between ions with opposite charges 
holds ionic compounds together. 



TRANSFER OF ELECTRONS 

Ionic bonds form when one atom transfers 
electrons to another atom.  

 

The atom that lost the electron has a positive 

charge.  

 

The atom that gained the electron has a negative 

charge. 



Ionic bonds form when one atom transfers 
electrons to another. 

 

The result is two ions with opposite charges. The 
oppositely charged ions attract each other. 



NETWORKS OF IONIC COMPOUNDS 

There is no such thing as “a molecule of NaCl.” 
 
Sodium chloride is made up of a network of ions. In the 
network, each sodium ion is surrounded by six chloride 
ions.  
 
Why, then, is the chemical formula for sodium 
chloride not NaCl6? In sodium chloride, each chloride 
ion is also surrounded by six sodium ions. Thus, in a 
sample of sodium chloride, there is one sodium ion for 
every chloride ion. 



Different ionic compounds have different ratios 
of ions. 

For example, in calcium fluoride, the ratio of 
calcium ions to fluoride ions is 1:2. That is, there 
are twice as many fluoride ions in a sample as 
calcium ions.  

Why? 



Recall that calcium forms ions with +2 charges 
and fluorine forms ions with −1 charges.  

 

The total charge of an ionic compound is zero. 
For the total charge to be zero, the positive and 
negative charges must cancel each other. 



CONDUCTING ELECTRICITY 
Electrical current is moving charges.  
 
The ions in a solid ionic compound are locked into place.  
 
Thus, the charges are not free to move, and the compound 
cannot conduct electricity.  
 
However, when an ionic compound dissolves or melts, the 
ions are no longer locked in place. 
 
The ions are free to move. Thus, dissolved or melted 
ionic compounds can conduct electricity. 



What Are the Properties of Covalent Bonds? 

A covalent bond forms when electrons are shared 

between two atoms.  

 

Compounds that are made of molecules, such as water 
and sugar, have covalent bonds.  

 

Compounds that exist as networks of bonded 

atoms, such as silicon dioxide, are also held together 

by covalent bonds. In general, covalent bonds form 

between atoms of nonmetals. 



The figure below shows electrons shared by two 

chlorine atoms.  
 

Before the chlorine atoms bond, each atom has seven 
electrons in its outermost energy level. 

By sharing a pair of electrons, both atoms can have full 
outermost energy levels. 
 

A single line between two atoms in a structural 

formula represents a covalent bond. Each covalent bond 
indicates that two electrons are shared between the atoms. 



MOLECULAR COMPOUNDS 

Covalent compounds made up of molecules are called 

molecular compounds.  

 

Molecular compounds can be solids, liquids, or gases. 
Most molecular compounds have low melting points—
generally below 300 °C.  

 

When a molecular compound dissolves or melts, the 
molecules can move more freely than they do in solids. 
However, unlike melted or dissolved ions, molecules 
cannot conduct electricity. This is because molecules are 
not charged. 



MULTIPLE BONDS 

Some atoms need to share more than one pair of 

electrons to fill their outermost energy levels. 

 

 



MULTIPLE BONDS 

Notice that the covalent bond that joins the two oxygen atoms in the figure is 
shown as two lines. These two lines represent two pairs of electrons, or a total of 

four electrons. Two pairs of electrons shared between atoms are called a double 
bond. 

 



The covalent bond that joins the two nitrogen atoms 
above is shown as three lines.  
 
These three lines represent three pairs of electrons. 
Three pairs of electrons shared between atoms are called 
a triple bond. 
 
More energy is needed to break double and triple 
bonds than to break single bonds.  
 
A double bond is stronger than a single bond. A triple 
bond is stronger than both single and double bonds. 
Double and triple bonds are also shorter than single 
bonds. 



EQUAL SHARING 
When two atoms of the same element share electrons, 

they share the electrons equally.  

 

That is, the electrons spend equal amounts of time near 
the nuclei of both atoms.  

 

For example, two chlorine atoms are exactly 

alike. When they bond, electrons are equally attracted to 

the positive nucleus of each atom. Bonds in which the 

electrons are shared equally are called nonpolar covalent 

bonds. 



UNEQUAL SHARING 
When two atoms of different elements share electrons, they do 
not share them equally. The shared electrons are attracted to 
the nucleus of one atom more than to the other. Bonds in 
which electrons are not shared equally 

are called polar covalent bonds. 

In general, electrons are more attracted to elements 

located farther to the right and closer to the top of the 

periodic table.  

 

For example, within a molecule of ammonia, 

NH3, the shared electrons are more attracted to the 

nitrogen atom than to the hydrogen atoms. 



What Are the Properties of Metallic Bonds? 

Metals, such as copper, can conduct electricity when 

they are solids.  
 

Metals are also flexible, so they can bend 

and stretch. 
 

Atoms in metals pack tightly together. This happens 

because the nucleus of each atom strongly attracts 

the electrons from a neighboring atom. These strong 

attractions are called metallic bonds.   

 

Because the atoms are packed so tightly, the outermost 
energy levels of neighboring atoms overlap. Therefore, 
electrons are free to move from atom to atom. 



What Are Polyatomic Ions? 
The ions we have looked at so far are monatomic. 

 

That is, each is a single atom that has gained or lost 
an electron. However, some ions are made of groups 
of atoms that are covalently bonded. This kind of ion 
is a polyatomic ion.  

 

In a compound, a polyatomic ion acts 

as a single unit. A polyatomic ion can form ionic 
bonds with other polyatomic ions or with monatomic 
ions. 









Compound Names and Formulas 
KEY IDEAS 

• What are the rules for naming ionic 
compounds? 

 

• What are the rules for naming covalent 
compounds? 

 

• How can you determine an empirical formula? 



Why Do We Name Compounds? 

Compounds have names that distinguish them 
from other compounds. In general, the name of 
a compound comes from the elements that form 
it. 

 



How Are Ionic Compounds Named? 

Ionic compounds are formed by the strong 
attraction between two oppositely charged ions: 

 cations (positive ions) and anions (negative 
ions).  

 

The name of an ionic compound identifies the 
cation first and the anion second. 



CATION NAMES 

In many cases, a cation name is the same as the 
element name.  
 
For example, when an atom of the element sodium 
loses an electron, the sodium ion, Na+, forms. 
 
Recall that you can use the periodic table to help 
you determine which ions are formed by different 
elements. For example, Group 1 elements form 
cations with 1+ charges. 



CATION NAMES 



ANION NAMES 

The name of an anion typically ends in -ide.  
 

Like most cations, anions of elements in the 
same group of the periodic table have the same 
charge. 

 



ANION NAMES 





TOTAL CHARGE OF IONIC COMPOUNDS 

The sum of the charges of all of the ions in a 
compound must add up to zero.  
 
Therefore, if an ionic compound has two ions with 
different charges, the ratio of ions will not be 1:1. 
For example, calcium fluoride contains calcium ions, 
Ca2+, and fluoride ions, F-.  
 
For the compound to have a total charge of zero, 
there must be two fluoride ions for every calcium ion. 
Thus, the formula for calcium fluoride is CaF2. 



CHARGES OF TRANSITION METALS 

Many transition metals can form several cations—
each with a different charge.  

For example, the compounds FeO and Fe2O3 

both have iron cations, but the charges of the iron 
cations are different. If you used the naming rules 
described so far, you would name both of these 
iron oxide.  

 

However, they are different compounds, so they 
need different names. 



To show the difference between FeO and Fe2O3, 
the charge of the iron cation is included in the 
name.  

Roman numerals in parentheses after the cation 
name show the charge on the cation.  

 

The cation in FeO is Fe2+, so it is named iron (II) 
oxide. The cation in Fe2O3 is Fe3+, so it is named 
iron (III) oxide. 

CHARGES OF TRANSITION METALS 



CHARGES OF TRANSITION METALS 



DETERMINING TRANSITION METAL CHARGES 

How can you tell that the iron ion in Fe2O3 has a 
3+ charge?  

Examine the total charge on the oxide ion. 

An oxide ion has a 2- charge.  

Thus, three oxide ions have a total charge of 6-. If 
the total anion charge is 6+, the total cation 
charge must be 6+.  

Because there are two Fe ions in Fe2O3, each Fe 
ion must have a 3+ charge. 



DETERMINING FORMULAS OF IONIC COMPOUNDS 

You can find the charge of each ion in a 
compound if you know the compound’s formula.  

 

You can find the formula for a compound if you 
know the compound’s name. 



What is the chemical formula for aluminum 
fluoride? 

 

 

 

 

 

 

So, the chemical formula for aluminum fluoride is 
AlF3. 

DETERMINING FORMULAS OF IONIC COMPOUNDS 



How Are Covalent Compounds Named? 

The rules for naming covalent compounds are 

different from those used to name ionic 
compounds. 

 

The names of covalent compounds have 
prefixes to indicate how many atoms of each 
element are in the molecule. 



The table below shows some prefixes used 

to name covalent compounds 



USING NUMERICAL PREFIXES TO NAME COMPOUNDS 

The element farthest to the left in the periodic table 
is named first in a compound.  

 

If there is only one atom of the first element, its 
name does not get a prefix.  

 

The element farthest to the right in the periodic 
table is named second. 

 

Its name ends in –ide. 



For example, N2O4 has two nitrogen atoms and four 
oxygen atoms.  
 
Nitrogen is farther to the left in the periodic table 
than oxygen, so it is named first.  
 
The name of this compound is dinitrogen 
tetroxide.  
 
The a in tetra is dropped to make the name easier 
to say. 



What Are Empirical Formulas? 

An empirical formula gives the smallest 

whole-number ratio of atoms in a compound. 

 For example, the empirical formula for water is 
H2O. This tells you that the ratio of hydrogen 
atoms to oxygen atoms is 2:1. For most ionic 
compounds, the empirical formula is the same as 
the chemical formula. 

 However, for many covalent compounds, the 
empirical and chemical formulas are different. 



One mole of a compound contains 62 g of phosphorus 
and 80 g of oxygen. What is the empirical formula of this 

compound? 

 

 

 

 

 

 

 

So, the empirical formula of the compound is P2O5. 



THE SAME EMPIRICAL FORMULA 
Empirical formulas only show the ratio of atoms in 
a compound. They do not show the actual number of atoms of 
each element that is in the compound.  
 

So, it is possible for two different compounds to have the same 
empirical formula. 
For example, formaldehyde, acetic acid, and glucose 
all have the empirical formula CH2O. That is, the ratio of 
the atoms in each of the compounds is 1:2:1.  
 
However, these three compounds are very different from one 
another. Formaldehyde is used to preserve dead organisms. 
Acetic acid gives vinegar its sour taste. Glucose is a 
sugar that your body uses for energy. 
 



MOLECULAR FORMULAS 

A molecular formula tells you how many atoms 
are in one molecule of the compound.  

 

You can use the empirical formula of a 
compound and its molar mass to find its 
molecular formula. 

 














