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13.2 Chemical Formulas

In the previous section, you learned how and why atoms form chemical bonds with one another.
You also learned that atoms combine in certain ratios with other atoms. These ratios determine the
chemical formula for a compound. In this section, you will learn how to write the chemical
formulas for compounds. You will also learn how to name compounds based on their chemical

formulas.

Chemical formulas and oxidation numbers

lonic  Recall that the chemical formula for sodium chloride is NaCl. This formula

compounds

Oxidation
numbers

indicates that every formula unit of sodium chloride contains one atom of
sodium and one atom of chlorine; it’s a 1:1 ratio. Why do sodium and chlorine
combine in a 1:1 ratio? When sodium loses an electron, it becomes an ion
with a charge of +1. When chlorine gains an electron, it becomes an ion with
a charge of —1. When these two ions combine to form an ionic bond, the net
clectrical charge is zero (Figure 13.11). This is because (+1)+ (-1)= 0.

All compounds have an electrical charge of zero.
This means they are neutral.

A sodium atom always ionizes to become Na™ (a charge of +1) when it
combines with other atoms to make a compound. Therefore, we say that
sodium has an oxidation number of 1+, An oxidation number indicates the
electric charge on an atom when electrons are lost, gained. or shared during
chemical bond formation. Notice that the convention for writing oxidation
numbers is the opposite of the convention for writing the charge. When
writing the oxidation number, the positive (or negative) symbol is writien
after the number, not before it.

What is chlorine’s oxidation number? If yvou think it is 1—, you are right. This
is because chlorine gains one electron, one negative charge, when it bonds
with other atoms. Figure 13.12 shows the oxidation numbers for some of the
elements.
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oxidation number - a quantity that
indicates the charge on an atom when
it gains, loses, or shares electrons
during bond formation.

1. Electron transfer

-
2. lonization

Onxidation Number: 1°  Oxidation Number: 1-
3. lonic b_c:ns

- =
. -
- -

-e
Neutral compound: (1) + (1) =0

Figure 13.11: Sodium and chlorine
combine in a 1.1 ratio.

Electrons et
Atom  Gained or %;:?:::
Lost
K loses 1 14
Mg loses 2 2+
Al loses 3 3+
P gains 3 3-
Se gains 2 2-
Br gains 1 1-

Figure 13.12: Oxidation numbers of
same commaon eiements.
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Predicting oxidation numbers from the periodic table

Valence In the last section, you learned that you can tell how many valence electrons
electrons and  an clement has by its location on the periodic table. 1f you can determine
oxidation how many valence electrons an element has, you can predict its oxidation Oxidation Number of 1+
numbers pumber. An oxidation number corresponds to the need of an atom to gain or (need to lose 1 electron)
lose electrons (Figure 13.13).

00 00
Beryllium hasan  For example, locate beryllium (Be) on the periodic table below. Tt is in the '1" | : j.; 8.8
00

oxidation second column, or Group 2, which means beryllium has two valence
number of 2+ clectrons. Will beryllium get rid of two electrons, or gain six in order to

oe

Qo

obtain a stable number? Of course, it is easier to lose two electrons. When Oxidation Number of 2+
these two clectrons are lost, beryllium becomes an ion with a charge of +2. (need to lose 2 electrons)
Therefore, the most common oxidation number for beryllium is 2+, In fact, 00 00 00
the most common oxidation number for all elements in Group 2 is 2+. g.: g.: g.:
The periodic  The periodic table below shows the most commen oxidation numbers of e o0 00
table most of the elements. The elements known as transition metals (in the
middle of the table) have variable oxidation numbers. Oxidation Number of 2-

(need to gain 2 electrons)

(1] L1 [ 1]
1+ | 2+ Most common oxidation number 3+ |4+ 3-| 2- | 1- :.8 :.8 :.g
(X ] (1] (L]

NOTE: Many elements have more than one Oxidation Number of 1-
possible oxidation number. (need to gain 1 electron)

.0 L X ] L1
L] L L L]
.e LL] LA

Figure 13.13: Oxidation numbers
correspond to the nead to gain or lose
electrons,
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Predicting ionic and covalent bonds

Why bonds are
ionic or covalent

Sodium chloride
is ionic

Forming ionic
compounds

Forming
covalent
compounds

Alkali
metals

Whether a compound is ionic or covalently bonded depends on how much
cach element “needs” an electron Lo get to a magic number (two or eight).
Elements that are very close to the noble gases tend to give or take electrons
rather than share them. These elements often form ionic bonds rather than
covalent bonds.

As an example, sodium has one electron more than the noble gas neon.
Sodium has a very strong tendency to give up that clectron and become a
positive ion. Chlorine has one electron less than argon. Therefore, chlorine
has a very strong tendency to accept an clectron and become a negative ion.
Sodium chloride is an ionic compound because sodium has a strong tendency
to give up an electron, and chlorine has a strong tendency to accept an
clectron.

On the periodic table, strong electron donors are on the left side (alkali metals).
Strong clectron acceptors are on the right side (halogens). The farther separated
two elements are on the periodic table, the more likely they are to form an ionic
compound.

Covalent compounds form when elements have roughly equal tendency to
accept electrons. Elements that are nonmetals and therefore close together on
the periodic table tend to form covalent compounds with each other because
they have approximately equal tendency to accept electrons. Compounds
involving carbon, silicon, nitrogen, and oxygen are often covalent.

Strong Strong Halogens H:_

electron electron

donors acceptors CIN|[Q|F |Ne
Si|P|S|Cl|Ar
“ | 15| 6| 7|
Ge As | Se | Br Kr
32 | 33 | 34| 35 | 36
Sn|Sb|Te| | |Xe
50 51 52 53 54

May 09, 2014

You can use the periodic table to
predict whether two elements will form
ionic or covalent compounds. For
example, polassium combines with
bromine to make potassium bromide
{KBr). Are the chemical bonds in this
compound likely to be ionic or
covalent? To solve this problem, look
al the periodic table al the left.

K is a strong electron donar and Br is
a strong electron acceptor. KBr is an
ionic compound because K and Br are
from opposite sides of the periodic
table.

Now you try the following.

1. Are the chemical bonds in silica
(Si03) likely to be ionic or
covalent?

2. Are the chemical bonds in calcium
fluoride (CaFy) likely to be ionic or
covalent?
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Oxidation numbers and chemical formulas

Oxidation
numbers in a
compound add
up to zero

Example:
carbon
tetrachloride

Most elements
have more than
one possible
oxidation
number

When elements combine in molecules and ionic compounds, the total
clectric charge is always zero. This is because any electron donated by one
atom is accepted by another. The rule of zero charge is casiest to apply using
oxidation numbers. The total of all the oxidation numbers for all the atoms in
a compound must be zero. This important rule allows you to predict many
chemical formulas.

The oxidation numbers for all the atoms in a
compound must add up to zero.

To see how this works, consider the compound carbon tetrachlonde (CCly).
Carbon has an oxidation number of 4+. Chlorine has an oxidation number of
1-. Tt takes four chlorine atoms to cancel carbon’s 4+ oxidation number.

Carbon Tetrachloride (CCl,}

bl e (X1 (1] 1)
W e

O e .e e s

L + 1 4 it -+ T + 1 =

The total of the oxidation numbers for each atom
in the molecule must be zero.

0

Some periodic tables list multiple oxidation numbers for
most elements. This is because more complex bonding 1s
possible. When multiple oxidation numbers are shown, the 2+, 3-
most common one is usually in bold type. For example, N
nitrogen has possible oxidation numbers of 5+, 4+, 3+, 2+,

and 3—, even though 3— is the most common (shown at the 7
right). In some reference materials, roman numerals are nitrogen
used to distinguish the oxidation number. Figure 13.14
shows a few of these elements.

5+, 4+, 3+

May 09, 2014

Element Oxidation

Number
copper (1) cu*
copper (1) cu®
iron {I1) Fet
iron (I} Fadt
chromium {11} cret
chromium (111 cri*
lead (I1) Pb?*
lead (IV) P4

Figure 13.14: In some cases, roman
numerals are used to distinguish the
axidation number for an element with
multiple nunmbers.
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Predicting chemical formulas for binary compounds

Rules for Once you know how to find the oxidation numbers of the elements, you can

predicting
chemical
formulas

1. Looking for:
2. Given:

3. Relationships:
4. Solution:

predict the chemical formulas of binary compounds (Figure 13.15). A binary

compound is a compound that consists of two elements, Sodium chloride

(NaCl) is a binary compound. To predict and write the chemical formula of a

binary compound, use the following rules.

1. Write the symbol for the element that has a positive oxidation number
first. Do not write the oxidation number.

2. Write the symbol for the element that has a negative oxidation number
second. Do not write the oxidation number.

3. Find the least common multiple between the oxidation numbers to make
the sum of their charges equal zero. Use the numbers you multiply the
oxidation numbers by as subscripts.

Solving Problems: Binary Compounds

Iron (I1T) (3+}) and oxygen (2—) combine to form a compound. Predict the
chemical formula of this compound.
Chemical formula for a binary compound
Elements and oxidation numbers: Fe (T11) = 3+ and O = 2—
‘Write the subscripts so that the sum of the oxidation numbers equals zero.

The least common multiple between 3 and 2 is 6.

For iron (TIT): 2 = (3+) = 6+. For oxygen: 3 x (2-) = 6 — (6+) + (6-) = 0. The
chemical formula is Fe;0y because it took 2 Fe atoms and 3 O atoms to make
aneutral compound.

Your turn...

a. Predict the chemical formula of the compound containing beryllium (2+)
and fluorine (1-).

b. Predict the chemical formula of the compound containing lead (IV) and
sulfur (2-).

May 09, 2014

Chapter m

IS VOCABULARY mm

binary compound - a chemical
compound that consists of two
elements.

Predict tha chemical formula for a compound
made from iron (oxidation number 3+) and
oxygen (oxidation number 2-),

1. Write the symbol for the element that has a
positive oxidation number first. Do not write
the oxidation number.

fa

2, Writa tha symbol for the elemeant that has a
negative oxidation number secand. Do not
write the oxidation number.

0

3. Add subscripts 50 that the sum of the
oxidation numbers of all the atoms in
the formula is zero.

Z x Fe¥ = b+
3% 0¥ 2 -
Let) + L) 2 0
Chemical formula: Fe 0

Figure 13.15: The steps to predict
the chemical formula of a binary

compotnd.
ALt Aook LATER
a. BeF,
b. PbS,
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Compounds

Not all
compounds are
made of only
two types of
atoms

=[x [+

1. Looking for:
2. Given:

3. Relationships:

4, Solution:

with more than two elements

Have you ever taken an antacid for an upset stomach? Many antacids contain
calcium carbonate, or CaCOy. How many types of atoms does this compound
contain? You are right if you said three: calcium, carbon, and oxygen.

Some compounds contain more than two elements. Some of these types of
compounds contain polyatomic ions. A polyatomic ion contains more than
one atom. The prefix poly- means “many.” Figure 13.16 lists some common
polyatomic ions. The example below illustrates how to write chemical
formulas for these types of compounds.

Solving Problems: More Chemical Formulas

May 09, 2014
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polyatomic ion - an ion that
contains more than one atom.

Aluminum (3+) combines with sulfate (SO 42_ ) or the sulfate ion to make
aluminum sulfate. Write the chemical formula for aluminum sulfate.

Chemical formula for a compound containing more than two elements
Al3% and SO,*

The oxidation numbers for all of the atoms in the compound must add up to
zera.

Two aluminum ions have a charge of 6+, It takes three sulfate ions to geta
charge of 6. To write the chemical formula, parentheses must be placed
around the polyatomic ion. The subscript is placed on the outside of the
parentheses. The formula is: Al)(SOy),

0;:;‘:::_" Name of lon  Formula
1+ ammanium NHg"
1- acetate CoHs0,™
2- carbonate 0032'
2- chromate Cr2”
+ coonste | HCOT
1+ hydronium Ha0"
1- hydroxide: OH™
1- nitrate NO;™
2- peroxide 0,2
3- phasphate PO
2- sulfate 50,2
2- sulfite 50.%

Your turn...
a. Write the chemical formula for hydrogen (1+) peroxide {022‘ ).
b. Write the chemical formula for calcium (2+) phosphate (PO43_ ).

Figure 13.16: Oxidation numbers of

some common polyatomic ions.

PN A.ook LATER

a. | [202

b. Ca3 (PO,]_ } >
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Naming compounds

Naming hinary
ionic
compounds

What is the
name of MgBr,?

By using the following rules, you can name a binary ionic compound if you
are given its chemical formula. A binary ionic compound is held together
by ionic bonds, Binary molecular compounds consist of covalently bonded
atoms. Naming binary molecular compounds is discussed in the Solve It! on
the next page. To name a binary ionic compound:

1. Write the name of the first element.

2. Write the root name of the second element.

3. Add the suffix -ide to the root name.

MgBr; is magnesium (name of first element) plus -brom (root name of second
clement) plus -ide = magnesium bromide (Figure 13.17, top).

If the poesitive element has more than one oxidation number, you must first

figure out that number. Then, use a roman numeral to indicate the oxidation
number. For example, FeCl; = iron (11T} chloride because iron (I11) has a

Naming a Binary Compound
MgBr,
1. Write the name of the first elamant.
Mg = magnesium

2. White the root name of
the second element.

Br z bromine = brom~
3. Add the suffix -ide to the root name.

brom + -ide = bramide

Name of the compound:
Magnesium bromide

charge of 3+. It would take three chloride ions (oxidation number = 1-) to Naming Compounds
make the sum of the oxidation numbers equal zero. with Polyatomic lons
Naming Naming compounds with polyatomic ions is easy. NH4CI
compounds with

polyatomic ions

1. Write the name of the first element or polyatomic ion first. Use the
periodic table or ion chart (Figure 13.16, previous page) to find its name.

2. Write the name of the second element or polyatomic ion second. Use the
periodic table or ion chart (Figure 13.16, previous page) to find its name.
If the second one 1s an element, use the root name of the element with the
suffix -ide.

1. Write the nama of the first alemant or
polyatomic ion first. Use the periedic table
or ion chart to find its name.

NH, = ammonium

2. Write the name of the second element or
polyatomic ion sacond. Uise the periodic
tabla or ion chart to find its name, If the
sacond one is an element, use the root

Whatis the  NHyCl is ammonium (the name of the polyatomic ion from Figure 13.16) plus name of the element with the suffix -ide.
name of NH4CI?  -chlor (root name of the second element) plus -ide = ammonium chloride -
. €\ = chleride
(Figure 13.17, bottom).
Again, if an clement has more than one oxidation number, you must figure out Name of the compound:

that number. For example, Cu,803 would be named copper (1) sulfite and
CuS0y would be copper (11) sulfite.

ammonium chloride

Figure 13.17: Naming compounds.
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The oxidation number is:
a, the number of oxygen atoms an element bonds with,

b. the positive or negative charge acquired by an atom in a chemical
bond.

¢. the number of electrons invelved in a chemical bond.

Naming Binary Molecular
Compounds

Naming binary malecular compounds
is similar to the methods used in
naming binary ionic compounds
described on the previous page.
However, in this case, the number of

2. Name three elements that have an oxidation number of 3+. L
i . . each type of atom (the subscript) is
3. What is the oxidation number for the clements in Group 177 also specified in the name of the
4. When clements form a molecule, what is TRUE about the oxidation compound. From 1 1o 10, the Greek
numbers of the atoms in the molecule? "P;;F’ﬁ)‘e: are: mono, di, fn,drerra, penta,
a. The sum of the oxidation numbers must equal zero, = epfa,_ octs, nona, decs.
b. All oxidation numbers from the same molecule must be positive. O REIEE) EhER) Ry
o compound, specify the number of
5. True or False: All oxidation numbers from the same molecule must be each type of atom using the Greek
negative. prefix. As with binary ionic
6. Which of the following elements will bond with oxygen, resulting in a compounds, the ending of the name
1:1 ratio of oxygen and the element? of the second element in the
o ) compound is modified by adding the
a. lithiom suffix -ide as shown in the example
b. boron below.
c. beryllium N O
d. nitrogen il 4
7. Name the following compounds. dinitrogen tetraoxide
a. NaHCO; If the first element in the compound
b. BaCl, does not have a subscript, do not use
c. LiF a Greek prefix for that element, but
use one for the second element. For
d }S\II(OHE example, CO5 is carbon dioxide.
e. Srl
. L . Name the following binary molecular
8. Would a bond between potassium and iodine most likely be covalent or EEYS b

1onic? Explain your answer.

(a)CCly  (b)NgOg  (c)SzFqg
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