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Chapter 3

Elements of Chemistry
THE MAIN IDEA

Elements combine to form compounds, 
which blend together to form mixtures

A system for naming the countless number of possible 
compounds has been developed by the International 
Union for Pure and Applied Chemistry (IUPAC). This system 
is designed so that a compound’s name reflects the 
elements it contains and how those elements are joined. 
This system can be used to figure out the chemical identity 
of a compound from its systematic name.
 To accommodate the immense number of different 
compounds, this system is rather complex. However, there is 
no need for you to learn all its rules. Instead, learning some 
guidelines will prove most helpful. These guidelines alone 
will not enable you to name every compound. However, 
they will acquaint you with how the system works for most 
of the compounds presented in any introductory chemistry 
course. In Chapter 12 we’ll be looking at how carbon-based 
compounds are named. For now, we’ll focus on some of the 
simpler known compounds.
 As we will discuss in Chapter 6, atoms are held 
together in a chemical compound by their electrical 
charges. Whether an atom within a compound takes on a 
positive or negative charge can be predicted by its place in 
the periodic table. The atom of an element located closer 
to the left side of the periodic table tends to take on a 
positive charge, while the atom of an element placed closer 
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to the right side of the periodic table takes on a negative 
charge. This applies to the naming of compounds in that 
the more positively charged atom is, by convention, listed 
first. That’s why we have “sodium chloride,” rather than 
“chloride sodium” as spelled out in guideline 1—note that 
sodium, Na, is on the left-hand side of the periodic table 
and chlorine, Cl, is on the right-hand side.

G U I D E L I N E  1:  Read Left to Right
The name of the element farther to the left in the periodic 
table is followed by the name of the element farther to the 
right, with the suffix “-ide” added to the name of the latter:

NaCl Sodium chloride
MgO Magnesium oxide 
Li2O Lithium oxide
HCl Hydrogen chloride 
CaF2 Calcium fluoride
Sr3P2 Strontium phosphide

G U I D E L I N E   2:  Use the Periodic Table
Looking at the subscripts given in the formula and knowing 
the periodic table, you can often deduce the charge on 
each of the atoms in a compound. Recall from the previous 
section that no subscript implies a subscript of one. So, 
sodium chloride can be represented as Na1Cl1. We see that 
sodium and chlorine are bound in a 1:1 ratio. As shown in 
Figure 3.22, elements in the first group of the periodic 
table tend to form a 1+ charge and elements in group 17 
tend to form a 1- charge. So, for sodium chloride, the 1+ 
charge on the sodium is balanced by the 1- charge on the 
chlorine. 

Figure 3.22 > 
The type of ion an atom forms is given 
by its placement in the periodic table.
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 Consider lithium oxide, Li2O. Lithium, being in the first 
group, forms a 1+ charge. Why then are two lithiums needed 
when combined with oxygen? The answer is that the oxygen 
forms a 2- charge (See Figure 3.22), which means two lithiums 
are needed to make the charges balanced.

 So, there’s a pattern. Take the subscript of one element 
and you’ll often find that this is the charge of the other 
element, as follows:

 But you need to be careful. Magnesium, for example, 
is in the second group of the periodic table and so it forms 
a 2+ charge. Magnesium combines with chlorine to form 
magnesium chloride, MgCl2. But what about when magnesium 
binds with oxygen, which forms the 2- charge? The result is 
magnesium oxide, Mg2O2. By convention, the subscripts are 
reduced to the lowest common denominator, so magnesium 
oxide is generally presented as MgO, which is short-hand for 
Mg1O1. This tells us accurately that the magnesium and oxygen 
bind in a 1:1 ratio. What’s hidden, however, is that they do so 
by each carrying a double charge.

 The way to figure this out is to use the periodic table as 
a tool, as shown in Figure 3.22. Because magnesium, Mg, is in 
group 2, this tells you it forms the 2+ ion.
 So, do the elements within group 3 form the 3+ ion? Yes 
and no. The elements of the transition metals form a variety of 
different ions. Recall the transition metals are those found in 
groups 3 through 10. Iron, for example, can form the Fe2+ and 
the Fe3+ ions depending upon the conditions. This leads us to 
the next guideline.
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G U I D E L I N E  3:  Transition Metals
If the compound contains a transition metal, then roman 
numerals are used to indicate the charge on the transition 
metal. The compound iron (II) chloride has the formula 
FeCl2. Here the roman numerals explicitly tell us the charge 
on the transition metal. 
 Similarly, the compound iron (III) chloride has the 
formula FeCl3. Notice that with FeCl2, two chloride ions, Cl1-

, are needed to balance the one Fe2+ and that with FeCl3, 
three chloride ions are needed.

C O N C E P T   C H E C K
Name the following compounds: BeCl2; K2O; CaS, CaBr2, CuCl, SnCl4, PbCl2, Fe2O3

CHECK  YOUR  ANSWER  Beryllium chloride, potassium oxide, calcium sulfide; copper (I) chloride; 
tin (IV) chloride; lead (II) chloride; iron (III) oxide.

G U I D E L I N E  4:  Solving Ambiguity
When two or more compounds have different numbers of the 
same elements, prefixes are added to remove the ambiguity. 
This occurs primarily with compounds of nonmetals. The first 
four prefixes are mono- (one), di- (two), tri- (three), and tetra- 
(four). The prefix mono-, however, is commonly omitted from the 
beginning of the first word of the name:

Carbon and oxygen
CO Carbon monoxide
CO2 Carbon dioxide

Nitrogen and oxygen
NO2 Nitrogen dioxide
N2O4    Dinitrogen tetroxide

Sulfur and oxygen 
SO2 Sulfur dioxide
SO3 Sulfur trioxide

G U I D E L I N E  5 :  Polyatomic Ions
Atoms can clump together to form a molecular unit that acts as 
a single electrically charged group, called a polyatomic ion. For 
example, a carbon atom can join with three oxygen atoms to 
form what is known as a carbonate ion, CO3

2-. Some commonly 
encountered polyatomic ions are shown in Table 3.1. Note that 
most of them are negatively charged.
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 We’ll be exploring the nature of these polyatomic ions 
in greater detail in Chapter 6. For now it suffices to recognize 
that positively charged polyatomic ions are listed first within 
the name (without the word ion). An example is ammonium 
chloride, NH4Cl. Negatively charged polyatomic ions are 
placed at the end of the name. An example is lithium nitrate, 
LiNO3.
 A polyatomic ion may appear more than once within 
a compound. This is indicated by placing the polyatomic ion 
within parentheses. A subscript just outside the parentheses 
indicates the number of times the polyatomic ion appears. To 
keep it simple, the prefixes of mono-, di-, tri-, and tetra- are 
commonly not included for polyatomic ions.

K2CO3 Potassium carbonate
AuPO4 Gold phosphate
Mg(CN)2 Magnesium cyanide
Al2(SO4)3 Aluminum sulfate

G U I D E L I N E 6:  Common Names
Many compounds are not usually referred to by their 
systematic names. Instead, they are assigned common names 
that are more convenient or have been used traditionally for 
many years. Some common names are water for H2O, ammonia 
for NH3, and methane for CH4.

TABLE  3.1  Common Polyatomic Ions

C O N C E P T   C H E C K
What is the systematic name for Ca(CH3CO2)2? How many oxygen atoms does it have?

CHECK  YOUR  ANSWER  The systematic name for this compound, which consists of calcium 
and the polyatomic acetate ion, is calcium acetate. Each acetate ion has two oxygen atoms. This 
compound has two acetate ions, which means it has a total of four oxygen atoms.


