DESCRIBING CHEMICAL CHANGE
On May 6, 1937, the huge airship Hindenburg v/as heading
for its landing site in Lake hurst, New Jersey, after an
uneventful trans-Atlantic crossing. Suddenly, to the horror of
observers on the ground, the airship erupted into a fireball as
210 000 cubic meters of hydrogen burst into flame. The chemical reaction that
caused the disaster can be described simply as "hydrogen combines explosively with
oxygen to produce water." How do chemists describe chemical reactions?

Word Equations
Every minute of the day chemical reactions take place—both inside you
and around you. After a meal, a series of complex chemical reactions take
place as your body digests food. Likewise, plants use sunlight to drive the
photosynthetic processes needed to produce plant growth. Although the
chemical reactions involved in photosynthesis and digestion are quite different, both of these chemical reactions are necessary to sustain life. What
are some other reactions necessary for life?
Not every chemical reaction involves living things directly. The useful
chemical reaction that produces electrical energy in a car battery is one
example. The energy produced is used to start the car. At the same time,
an undesirable chemical reaction might be occurring between the iron
in the car fender and the oxygen in the air. This reaction produces rust.
Many common reactions occur when food is grown or cooked. All chemical reactions, whether simple or complex, desirable or undesirable, involve
changing substances.
It will be important for you to be able to describe a chemical reaction
in writing. In a reaction, one or more substances (the reactants) change
into one or more new substances (the products). Recall from Chapter 2 the
shorthand method for writing a brief description of what happens in a
chemical reaction. In writing reactions, separate the reactants from the
products by writing an arrow {—>), which means yields, gives, or reacts to
produce.
Reactants
> products
You may remember that John Dalton proposed an explanation for the
way in which substances change in a chemical reaction. His atomic theory
holds true today. As reactants are converted to products, the bonds holding the atoms together are broken and new bonds are formed. It is

section 8.1
objectives
• Write equations describing
chemical reactions using
appropriate symbols
• Write balanced chemical equations when given the names or
formulas of the reactants and
products in a chemical reaction
key terms
• chemical equation
• skeleton equation
• catalyst
• coefficients
• balanced equation

Figure 8.I
Flour, sugar, salt, yeast, and water
are the main ingredients for making leavened bread. The reactants
(ingredients) undergo physical
and chemical changes to form the
product (baked bread). What are
some indications in the pictures
below that chemical reactions are
taking place?
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important to note that the atoms themselves are neither created nor
destroyed; they are merely rearranged. This part of Dalton's theory
explains the law of conservation of mass. Recall that this law states that in
any physical or chemical change, mass is neither created nor destroyed.
The atoms in the products are the same atoms that were in the reactants—
they are just arranged differently.
Chemical reactions can be described in many different ways. For the
example of rusting iron, you could say: "Iron reacts with oxygen to produce
iron(III) oxide (rust)." Alternatively, you could identify the reactants and
product in this reaction by writing a word equation.
Iron + oxygen

Figure 8.Z
Some common chemical reactions, (a) Copper exposed to
moist air forms a pale green coating of basic copper(ll) carbonate.
This type of coating is called a
patina, (b) Glucose is fermented
by yeast (shown) to form ethanol
and carbon dioxide, (c) Plants
carry out photosynthesis—the
creation of glucose and oxygen
from carbon dioxide, water,
and sunlight.

> iron(III) oxide

In a word equation, the reactants are written to the left of the arrow, and
the products are written to the right. Notice that the reactants are separated by a plus sign. Had there been two or more products, they also would
have been separated by a plus sign.
Consider another example of a simple chemical reaction, one involving
hydrogen peroxide, a common antiseptic. When you pour hydrogen
peroxide on an open cut, bubbles of oxygen gas rapidly form. The production of a new substance, a gas, is visible evidence of a chemical change.
Actually, two new substances are produced in this reaction, oxygen gas and
liquid water. The statement "hydrogen peroxide reacts to form water and
oxygen gas" describes this reaction. You can write this chemical reaction as
a word equation.
Hydrogen peroxide

> water + oxygen

A third common reaction is the burning of methane. Methane is the
major component of natural gas, a common fuel for residential heating.
When methane is burned to produce energy, a chemical reaction occurs.
The word equation for this reaction must include all of the reactants and
products. Burning a substance typically requires oxygen. The products of
this chemical reaction are water and carbon dioxide. Thus the word equation is as follows.
carbon dioxide + water

(a) Copper + carbon dioxide + water
> basic copper(ll) carbonate
204
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(b) Glucose

yeast

> ethanol + carbon dioxide

(c) Carbon dioxide + v/ater

llflht

>
glucose + oxygen
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Chemical Equations
Although word equations adequately describe chemical reactions, they are
cumbersome. To communicate more effectively, you can use chemical formulas to write equations. In a chemical equation, the arrow separates the
formulas of the reactants (on the left) from the formulas of the products (on
the right). For instance, here is the chemical equation for rusting.
Fe - O

•> Fe 2 0 3

Such equations, which show just the formulas of the reactants and
products, are skeleton equations. A skeleton equation is a chemical equation that does not indicate the relative amounts of the reactants and
products involved in the reaction. Writing a skeleton equation with the correct formulas for the reactants and products is an important first step in
obtaining a correct chemical equation.
You can indicate the physical state of a substance in the equation by
putting a symbol after each formula. Use (s) for a solid, (/) for a liquid, (g) for
a gas, and (aq) for an aqueous solution (a substance dissolved in water). Indicating the states in the chemical equation for rusting yields
Fe(5) + 0,(g)

> Fe203(s)

In many chemical reactions, a catalyst is employed. A catalyst is a substance that speeds up the rate of a reaction but that is not used up in the
reaction. Because a catalyst is neither a reactant nor a product, its formula
is written above the arrow in a chemical equation. For example, Figure 8.3
shows that the compound manganese(IV) oxide (Mn02)(s) catalyzes the
decomposition of an aqueous solution of hydrogen peroxide (H202)(aq)
into water and oxygen. The skeleton equation is
H202{aq) - ^ ^ > H 2 0(/) + 02(g)
Many of the symbols commonly used in writing chemical equations
are listed in Table 8.1 on the following page.
Figure 8.3
Hydrogen peroxide slowly decomposes to form water and oxygen
gas (left). The addition of manganese(IV) oxide (Mn02) greatly
speeds up the reaction, causing
the rapid evolution of oxygen gas
(right). Because it is not used up
in the reaction, Mn02 is a catalyst.
The reaction produces enough
heat to cause the water to boil; the
v/hite "smoke" in the photo is
condensed water vapor.
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ChernASAP!
Animation 7
Relate chemical symbols
and formulas to the information
they communicate.

Table 8.1
Symbols Used in Chemical Equations
Symbol

+

Explanation
Used to separate two reactants or two products
"Yields," separates reactants from products

^

Used in place of

> for reversible reactions

(5)

Designates a reactant or product in the solid state;
placed after the formula

(/)

Designates a reactant or product in the liquid state;
placed after the formula

(9)

Designates a reactant or product in the gaseous
state; placed after the formula

(aq)

Designates an aqueous solution; the substance is
dissolved in water; placed after the formula

A

heat
Pt

>

Indicates that heat is supplied to the reaction
A formula written above or below the yield sign indicates its use as a catalyst (in this example, platinum)

Sample Problem 8-1
Write a skeleton equation for this chemical reaction: Solid sodium
hydrogen carbonate reacts with hydrochloric acid to produce
aqueous sodium chloride, water, and carbon dioxide gas. Include
appropriate symbols.

Practice Problems
1. Write a skeleton equation for
each chemical reaction.
Include appropriate symbols
from Table 8.1.
a. Sulfur burns in oxygen to
form sulfur dioxide.
b. Heating potassium chlorate
in the presence of the catalyst manganese dioxide produces oxygen gas. Potassium
chloride is left as a solid.
2. Write a sentence that describes
each chemical reaction.
a. KOU(aq) + H2S04(aq)
>
H 2 0(/) + K2S04(aq)
b. Na(s) + H 2 0 ( / )

>

NaOH(aq) + H2(g)
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1. ANALYZE Plan a problem-solving strategy.
Write the correct formula for each substance in the reaction,
separate the reactants from the products, and indicate the state
of each substance.
2. SOLVE Apply the problem-solving strategy.
First, write the formulas and states of the reactants.
• solid sodium hydrogen carbonate: NaHC03(s)
• hydrochloric acid: HCKaq)
Then do the same for the products.
• aqueous sodium chloride: NaC\{aq)
• water: H 2 0(/)
• carbon dioxide gas: C02(g)
Finally, write the equation.
NaHC03(5) + HCl(aq)
> NaCKaq) + H 2 0(/) + C02(g)
3. EVALUATE Does the result make sense?
The rules for writing a skeleton equation have been properly
applied. Formulas for the reactants are written first, followed by
an arrow, followed by the formulas of the products.

1
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Balancing Chemical Equations
You can write word equations similar to chemical equations for many
everyday processes. For instance, you could write a word equation for the
manufacture of bicycles. What do you need to make a bicycle? To simplify
your task, limit yourself to four major components: frames, wheels, handlebars, and pedals. Your word equation for making a bicycle probably
reads like this.
Frame + wheel + handlebar + pedal
(reactants)

> bicycle
(product)

Your word equation is qualitatively correct. It shows the reactants (the
kinds of parts) you need to make a product (a bicycle). If you were responsible for ordering parts to make a bicycle, however, this word equation
would be inadequate. Why? It does not show a quantitative relationship;
that is, it does not indicate the quantity of each part needed to make one
bicycle.
A standard bicycle is composed of one frame (F), two wheels (W), one
handlebar (H), and two pedals (P). Using these symbols, the formula for a
bicycle is FW2HP2. The unbalanced skeleton equation for bicycle assembly
is written as follows.
F+ W+ H+ P

-* FW,HP,

An equation that does not indicate the quantity of the reactants needed
to make the product is called an unbalanced equation. A complete description of the reaction would include both the kinds and the quantities of
parts required. An equation that gives the correct quantity of each reactant
and product is called a balanced equation. Numbers called coefficients are
placed in front of the symbols for the respective parts. When no coefficient
is written, it is assumed to be 1. The balanced equation for making a bicycle is shown below. If you had ten of each of the parts, how many bicycles
could you make? Would you have any parts left over? If so, list them.

2W

+

H

+

2?

lujuiail
PHYSIOLOGY
Hydrogen Peroxide
Why does hydrogen peroxide
decompose to water and oxygen
when it comes into contact with
blood? This rapid, foaming reaction is an example of chemical
catalysis by a biological molecule.
The enzyme catalase, found in living cells, catalyzes the breakdown
of hydrogen peroxide. Catalase is
a protein that contains an iron(ll)
ion at its center. The iron(ll) ion is
the actual site on the catalase
molecule where the reaction takes
place. When hydrogen peroxide is
poured on a cut, it reacts with the
iron(ll) ions of catalase. This triggers the rapid release of atomic
oxygen from the hydrogen peroxide. These energetic oxygen
atoms produce the antiseptic
effect of hydrogen peroxide.

FW 2 HP 2

For chemical equations to represent a chemical reaction correctly, you
must first write the correct formulas for the reactants and the products
using what you know about formulas for elements and compounds. This is
always the first step in writing a chemical equation. The next step is to balance the chemical equation so that it is quantitatively correct, indicating
the amounts of the reactants and products.
Balancing the chemical equation is necessary so that it obeys the law of
conservation of mass. Remember, in a chemical reaction, atoms are not created or destroyed; they are simply rearranged. In every balanced equation,
each side of the equation has the same number of atoms of each element.
Chemical Reactions
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Sometimes when you write the formulas for the reactants and products
in an equation, the equation may already be balanced. One example of this
is the equation for the burning of carbon in the presence of oxygen to produce carbon dioxide.

C(s)
Carbon

+

Oxygen

Reactants
1 carbon atom
2 oxygen atoms

C02(g)
Carbon dioxide
Product
1 carbon atom
2 oxygen atoms

This equation is balanced. One carbon atom is on each side of the equation, and two oxygen atoms are on each side. You do not need to change
the coefficients; they are all understood to be 1.
Another equation you have seen is the reaction of hydrogen with oxygen to form water.

H,(g)
Hydrogen

+

t
u g
Oxygen

Reactants
2 hydrogen atoms
2 oxygen atoms

*
H,0(/)
Water
Product
2 hydrogen atoms
1 oxygen atom

This equation is not balanced even though the formulas for all of the reactants and products are correct. Count the atoms on both sides of the
equation. There are two oxygen atoms on the reactant (left) side of the
equation and only one oxygen atom on the product (right) side. As written,
the equation does not obey the law of conservation of mass. What can you
do to balance it? Many chemical equations can be balanced by trial and
error. A few guidelines, however, will speed up the process.
Rules for Balancing Equations
1. Determine the correct formulas for all the reactants and products in
the reaction, using what you know about elements and compounds. In
some cases, you may also indicate in parentheses the state in which the
reactants and products exist.
2. Write the formulas for the reactants on the left and the formulas for the
, products on the right with a yields sign (->) in between. If two or more
reactants or products are involved, separate their formulas with plus
signs. When finished, you will have a skeleton equation.
3. Count the number of atoms of each element in the reactants and products. For simplicity, a polyatomic ion appearing unchanged on both
sides of the equation is counted as a single unit.
208
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4. Balance the elements one at a time by using coefficients. When no
coefficient is written, it is assumed to be 1. It is best to begin the balancing operation with elements that appear only once on each side of
the equation. You must not attempt to balance an equation by changing the subscripts in the chemical formula of a substance.

(hem ASAP!
Simulation 4
Sharpen your skills by
balancing chemical equations.

5. Check each atom or polyatomic ion to be sure that the equation is
balanced.
6. Finally, make sure all the coefficients are in the lowest possible ratio
that balances.
Now use these rules to balance the equation in Sample Problem 8-2 for
the formation of water from hydrogen and oxygen.

n

Sample Problem 8-2
Hydrogen and oxygen react to form water. Write a balanced equation for this reaction.
1. ANALYZE Plan a problem-solving strategy.
Apply the rules for balancing equations to the word equation
describing the reaction.
2. SOLVE Apply the problem-solving strategy.
Write correct formulas to give the skeleton equation.
H2(g) + 02(g)

> H20(Z)

Counting the number of each atom shows that hydrogen is
balanced but oxygen is not. If you put a coefficient of 2 in
front of H 2 0, the oxygen becomes balanced.
H2(g) + 02(g)

> 2H 2 0(/)

Now there are twice as many hydrogen atoms in the product
as there are in the reactants. To correct this, put a coefficient
of 2 in front of H2. The equation is now balanced.

jJ
2H,(g)
Hydrogen

•
+

O-Ag)
Oxygen

Reactants
4 hydrogen atoms
2 oxygen atoms

-

#

#

2H20(/)
Water
Product
4 hydrogen atoms
2 oxygen atoms

3. EM ALUA IE Does the result make sense ?
There are four hydrogen atoms and two oxygen atoms on each
side of the chemical equation. The chemical formulas for the elements and compounds involved are correct, and the coefficients
are in their lowest possible ratio: 2(H2), 1(02), and 2(H20).

Practice Problems
3. Balance each equation.
a. AgN03 + H2S
>
Ag2S + HN0 3
b. MnO, + HC1
>
MnCl2 + H 2 0 + Cl2
c. Zn(OH)2 + H3PO4
>
Zn3(P04)2 + H 2 0
4. Rewrite these word equations as balanced chemical
equations.
a. hydrogen + sulfur
>
hydrogen sulfide
b. iron(III) chloride + calcium
hydroxide
> iron (III)
hydroxide + calcium chloride
ChemASAR]
Problem-Solving 4
Solve Problem 4 with the help
of an interactive guided tutorial.

u
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Sample Problem 8-3
Figure 8.4 shows the reaction of copper metal and an aqueous
solution of silver nitrate. Balance the equation for this reaction.
AgN03(<w7) + Cu(5)
> Cu(N03)2UK7) + Ag($)
1. ANAL YZE Plan a problem-solving strategy.
Apply the rules for balancing equations. Because the nitrate
polyatomic ion appears as a reactant and a product, this ion can
be balanced as a unit.

Figure 8.4
Notice the deposit of silver
crystals on the copper v/ire v/hen
copper reacts with silver nitrate in
aqueous solution.

2. SOLVE Apply the problem-solving strategy.
Put a coefficient of 2 in front of AgN03{aq) to balance the
nitrate ion.
2AgN03(aq) + Cu(s)
>
Cu(N03)2(fl<7) + Ag(s)
By inspection, the silver is not balanced. Put a coefficient of 2 in
front of Ag(s).
2AgN03(aq) + Cuts)
>
Cu(N03)2(aq) + 2Ag(s)

Practice Problems
5. Balance the equation.
CO + Fe 2 0 3
> Fe + C0 2
6. Write the balanced chemical
equation for the reaction of
carbon with oxygen to form
carbon monoxide.

IT

3. EVALUATE Does the result make sense?
The equation is balanced, and the coefficients are in the lowest
whole-number ratio.

Sample Problem 8-4
Aluminum reacts with ox\'gen in the air to form a thin protective
coat of aluminum oxide. Balance the equation for this reaction.
Al(5) + 0 2 (g)
> Al203(s)
1. ANALYZE Plan a problem-solving strategy.
Apply the rules for balancing equations.

Practice Problems
7. Balance each equation,
a. FeCl3 + NaOH
>
Fe(OH)3 + NaCl
b. CS2 + Cl2 - -> CC14 + S2C12
c. CH4 + Br2 —» CH3Br + HBr

TI
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2. SOLVE Apply the problem-solving strategy'.
First balance the aluminum by placing a coefficient of 2 in front
ofAl(s).
2Al(s) + 02(g)
> M203{s)
There is now a situation that occurs quite frequently in balancing equations. It can be called the even-odd problem. Any
whole-number coefficient placed in front of the 0 2 will give an
even number of oxygen atoms on the left. This is because the
coefficient is always being multiplied by the subscript 2. Howcan the odd number of oxygen atoms in the product (right side)
be made even to balance with the even number on the left? The
simplest way to do this is to begin by multiplying the formula
with the odd number of oxygen atoms by 2.
2Al(s) + 02(g)
> 2A1203(5)

section 8.1

Sample Problem 8-4 (cont.)
Now there are six oxygen atoms on the right. Balance the oxygens on the left with a 3 and rebalance the aluminum on the left
with a 4.
4A1(5) + 302(g)
> 2Al203(s)
3. EVALUATE Does the result make sense?
There are equal numbers of each kind of atom in the reactants
and product (4 aluminum and 6 oxygen). Also, the coefficients are in the lowest possible ratio. Suppose the equation
for the formation of aluminum oxide was written
8A1(5) + 602(g)
-> 4A1203(5)
Because this equation obeys the law of conservation of mass,
it appears to be correct. It is incorrect, however, because the
coefficients are not in their lowest possible ratio. Each of the
coefficients can be divided by 2 to give the previous equation,
which has the lowest whole-number ratio of coefficients.

Practice Problems (cont.)
8. Write the balanced chemical
equations.
a. sodium + water
>
sodium hydroxide + hydrogen
b. calcium hydroxide +
sulfuric acid
>
calcium sulfate + water
ChemASAP!
Problem-Solving 8
Solve Problem 8 with the help •
of an interactive guided tutorial.
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9. Write word equations for the following chemical reactions.
a. Pure copper can be produced by heating copper(II) sulfide in the
presence of diatomic oxygen from the air. Sulfur dioxide gas is also
produced in this reaction.
b. Water is formed by the explosive reaction between hydrogen gas
and oxygen gas.
c. When baking soda (sodium hydrogen carbonate) is heated, it decomposes, forming the products sodium carbonate, carbon dioxide,
and water.
10. Balance the following equations.
a. S0 2 + 0 2

> S0 3

c. P + 02

> P4O10

b.Fe 2 0 3 + H2
>Fe + H 2 0
d.Al + N2
> A1N
11. Write formulas and other symbols for these substances.
a. sulfur trioxide gas
b. potassium nitrate dissolved in water
c. heat supplied to a chemical reaction
d. metallic copper
e. liquid mercury
f. zinc chloride as a catalyst
12. How is the law of conservation of mass related to the balancing of a
chemical equation?

portfolio project

Some products are marketed as biodegradable.
What does biodegradable
mean? Identify some biodegradable products. How
do these products benefit
the environment?

\f\ ChemASAP! Assessment 8.1 Check your understanding of the important
ideas and concepts in Section 8.1.
Chemical Reactions
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objectives
• Identify a reaction as combination, decomposition,
single-replacement, doublereplacement, or combustion
• Predict the products of
combination, decomposition,
single-replacement, doublereplacement, and combustion
reactions
key terms
• combination reaction
• decomposition reaction
• single-replacement reaction
• activity series of metals
• double-replacement reactions
• combustion reaction

TYPES OF CHEMICAL REACTIONS
1 he largest barbeque on record served more than 50 000
people! Charcoal briquettes fuel barbeque grills through the
combustion of carbon. Have you ever felt the heat and
smelted the smoke coming from a burning barbeque grill?
The heat and smoke are actually the products of a combustion reaction. Combustion
is one of many types of chemical reactions. How can you identify the different
types of chemical reactions?

Classifying Reactions
Consider for a moment the number of possible chemical reactions.
Because there are millions of known chemical compounds, it is logical to
expect that millions of different chemical reactions can occur in nature or
be carried out in the laboratory. Just as you learned to name many compounds in Chapter 6 by following a system of nomenclature rather than
memorizing common names for thousands of different compounds, you
can learn to recognize patterns of chemical behavior that allow you to predict the products in many chemical reactions.
There are several ways to categorize chemical reactions. One classification scheme identifies five general types of reactions: combination,
decomposition, single-replacement, double-replacement, and combustion. Not all chemical reactions, however, fit uniquely into only one of
these classes. Occasionally, a reaction may fit equally well into two of these
categories. In spite of these exceptions, recognizing a reaction as a particular type is useful. Patterns of behavior in reactions will become apparent
and allow you to predict the products of these reactions.

Combination Reactions
The first reaction type you will look at is the combination, or synthesis, reaction. As shown in Figure 8.5, magnesium metal and oxygen gas combine to
form a new compound, magnesium oxide. In a combination reaction, two
or more substances combine to form a single substance. The reactants of
most common combination reactions are either two elements or two compounds. The product of a combination reaction is always a compound.
What determines whether the compound formed is ionic or molecular?
Several examples of the general types of combination reactions are
explained in the following paragraphs.
When a Group A metal and a nonmetal react, the product is a compound that is a combination of the metal cation and the nonmetal anion.
You should be able to write the correct formula of the product by considering the charges of the anions and cations. For example,
2K(5) + Cl2(g)

> 2KCl(s)

As shown in the two examples below, when two nonmetals react by
combination, more than one product is often possible.
S{s) + 02(g)
2S(s) + 302(g)
212
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• S02(g) sulfur dioxide
> 2S03(g) sulfur trioxide

section 8.2

Figure 8.5
When ignited, magnesium
ribbon reacts with oxygen in
the surrounding air to form
magnesium oxide, a white
solid. This is a combination
reaction. Magnesium burns so
brightly that it was once used
to provide the light needed for
flash photography. Flashbulbs
have since been replaced by
electronic flash units.

2Mg(s)
Magnesium

+

o2(g)
Oxygen

->

2MgO(s)
Magnesium oxide

More than one product may also result from the combination reaction of a
transition metal and a nonmetal. (Remember Dalton's law of multiple proportions from Chapter 6.)
Fe(s) + S(s)
2Fe(s) + 3S(s) •

-> FeS(s) iron (II) sulfide
-> Fe2S3(s) iron(III) sulfide

Some nonmetal oxides react with water to produce an acid, a compound that produces hydrogen ions in aqueous solution. You will learn
about acids in chapter 20.
S02(g) + H 2 0(/)

> H2S03(aq) sulfurous acid

Some metallic oxides react with water to give a base, or a compound
containing hydroxide ions. Again in this case, you can use the ionic charges
to derive the formula for the product.
CaO(s) + H 2 0(/)

> Ca(OH)2(fl<7) calcium hydroxide
Chemical Reactions
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Using the previous examples as guidelines, complete the following
combination reactions.
a. Al(s) + 02(g)
>
b. Cu(s) + S(5)
> (two reactions possible)
c. S03(g) + H 2 0(/)
>
1. ANALYZE Plan a problem-solving strategy.
a. Because aluminum is a Group A metal combining with
a nonmetal, write the correct formula for the compound aluminum oxide by using ionic charges. Then
balance the equation.
b. Two reactions are possible because copper is a transition
metal and has more than one common ionic charge (Cu+
and Cu2+). Balance the two possible equations.
c. Reactions between water and nonmetal oxides usually
yield an acid in solution when the two molecules
combine.
2. SOLVE Apply the problem-solving strategy.
For each reaction, write the skeleton equation first, then apply
the rules for balancing equations.

Practice Problems

a. Al(5) + 0 2 (g) — + Al203(s)
4A1(5) + 302(g) —> 2Al203(s) (balanced)

13. Complete and balance these
combination reactions.
a. Be + 0 2
b. S02 + H 2 0

>

b. Forcopper(II):
Cu(s) + S(s) — -» CuS(s) (balanced)
For copper(I):

>

14. Write and balance an equation
for the formation of each compound from its elements.
a. strontium iodide (Srl2)
b. magnesium nitride (Mg3N2)
ChemASAP!
Problem-Solving 14
Solve Problem 14 with the help
of an interactive guided tutorial.

Cu(5) + S(s) — -* Cu2S(s)
2Cu(s) + Sis) — —> Cu2S(s) (balanced)

c. S03(g) + H 2 0(/)

> H2S04{aq) (balanced)

3. EVALUA TE Do the results make sense ?

EJ

In a. and b. a metal reacts with a nonmetal and the formula of
the product is written using ionic charges. In c. a nonmetal oxide
combines with water to form an acid by "adding" the molecules
together.
.

Decomposition Reactions
When calcium carbonate is heated, it decomposes or breaks down into two
simpler compounds. This reaction is used to make lime (calcium oxide)
from limestone (primarily calcium carbonate).
CaC03(s)

heat

> CaO(s) + C02(g)

Many other compounds also decompose with the addition of energy. The
decomposition of mercury(II) oxide to yield mercury and oxygen is shown
in Figure 8.6.
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2HgO(s)
Mercury(ll) oxide

heat

2Hg(/)
Mercury

In a decomposition reaction, a single compound is broken down into
two or more products. These products can be any combination of elements and compounds. It is usually very difficult to predict the products
of decomposition reactions. However, as shown in Figure 8.6, when a simple binary compound breaks down you know the products will be the
constituent elements. Extremely rapid decomposition reactions that produce gaseous products and heat are often the cause of explosions. As seen
in the two reactions shown in Figure 8.6 and Figure 8.7, most decomposition reactions require energy in the form of heat, light, or electricity.

o2(a)
Oxygen
Figure 8.6
When it is heated, orange-colored
mercury(ll) oxide decomposes
into its constituent elements: liquid mercury and gaseous oxygen.

Figure 8.?
Decomposition in action! The
powerful explosive force of dynamite comes from a decomposition
reaction. What is usually added to
the reactants of a decomposition
reaction to start the reaction?
Chemical Reactions
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•ample Problem 8-<
Write a balanced equation for each decomposition reaction.
TI ^ , i x

electricity

a. H 2 0(/)

*-»

b.lead(IV) oxide - ^ »

1. ANALYZE Plaji a problem-solving strategy.
a. Water, a binary compound, breaks down into its
elements. Balance the equation, remembering that
hydrogen and oxygen are both diatomic molecules.
b. Lead(IV) oxide decomposes into its constituent
elements. Balance the equation.

Practice Problems

2. SOLVE Apply the problem-solving strategy.
For each reaction, write the skeleton equation first, then apply
the rules for balancing equations.

15. Complete and balance these
decomposition reactions.
a. HI
>
b. Mg(C103)2
> MgCl2 +
16. Write the formula for the
binary compound that decomposes to each set of products.

a. H 2 0(/)
2H 2 0(/)
b. Pb02(s)

a. H 2 ~r DT>

b. Na + Cl2

IT

electricity

> PL(g) + 0 2 (g)
2H2(g) + 0 2 (g) (balanced)
> Pb(/) + 02(g) (balanced)

electricity
heat

3. EVALUATE Do the results make sense?
The formulas for the reactants and products are correct. The
balanced equations have the same number and kinds of atoms
on each side of the yields sign.

i

Single-Replacement Reactions
Dropping a small piece of potassium into a beaker of water creates a violent
reaction, as shown in Figure 8.8. The reaction produces hydrogen gas and a
large quantity of heat. The hydrogen gas released can ignite explosively.
Figure 8.8
The alkali metal potassium displaces hydrogen from water and
forms a solution of potassium
hydroxide in a single-replacement
reaction. The heat of the reaction
is often sufficient to ignite the
hydrogen. Why are alkali metals
stored under mineral oil or
kerosene?

2K(s)
Potassium
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2H20(/)
Water

2KQH(aq)
+
Potassium hydroxide

H2(g)
Hydrogen

section 8.2
The reaction of potassium with water is a single-replacement reaction. Similar but much less spectacular reactions can occur when certain elements
are put into an aqueous solution of a compound. In a single-replacement
reaction, one element replaces a second element in a compound. Singlereplacement reactions are also called single-displacement reactions. In the
reaction shown in Figure 8.8, potassium replaces hydrogen, which is
released as a flammable gas.
Whether one metal will displace another metal from a compound can
be determined by the relative reactivities of the two metals. The activity
series of metals, given in Table 8.2, lists metals in order of decreasing reactivity. A reactive metal will replace any metal listed below it in the activity
series. Thus, as shown in Figure 8.9, iron will displace copper from a copper
compound in solution. Magnesium displaces zinc from a zinc compound in
solution, as well as silver from a silver compound in solution. By contrast,
magnesium does not displace lithium or calcium from aqueous solutions of
their compounds.
Mg(s) + Zn(N03)2(tf<7)
Mg(s) + 2AgN03(aq) •
Mg(5) + LiN03(aq)

-> Mg(N03)2(o<7) + Zn(5)
•» Mg(N03)2(<H7) + 2Ag(s)

Table 8.2
Activity Series of Metals
Name

&
o

'<ri

o
Q

Lithium
Potassium
Calcium
Sodium
Magnesium
Aluminum
Zinc
Iron
Lead
(Hydrogen)
Copper
Mercury
Silver

Symbol

Li
K
Ca
Na
Mg
Al
Zn
Fe
Pb
(H)*
Cu
Hg
Ag

'Metals from Li to Na will replace H from
acids and water; from Mg to Pb they will
replace H from acids only.

-> no reaction

A nonmetal can also replace another nonmetal from a compound. This
replacement is usually limited to the halogens (F2, Cl2, Br2, and I2). The activity of the halogens decreases as you go down Group 7A of the periodic table.

Figure 8.9
Some single-replacement reactions take place quietly, as when iron displaces copper
from a compound in solution (left); the copper is deposited on the iron bolt. Other singlereplacement reactions are violent as v/hen water is dropped onto sodium (right).
Chemical Reactions
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Sample Problem 8-7
Write a balanced chemical equation for each single-replacement
reaction.
a. Zn(5) + H2S04{aq)
b. Na(s) + H 2 0(/) —

c. Sn(s) + NaN0 3 (^)
d. Cl2(g) + NaBr(^)
1. ANALYZE Plan a problem-solving strategy.
a. According to the activity series of metals, zinc displaces
hydrogen from an acid and takes its place. Balance the
equation, remembering that elemental hydrogen is
diatomic.
b. Sodium displaces hydrogen from water. As you balance
the equation, you might find it helpful to write water as
HOH and visualize it as being made of H + and OH" ions.
c. No displacement reaction occurs because tin is less
reactive than sodium.
d. Chlorine is more reactive than bromine and displaces
bromine from its compounds. Balance the equation,
remembering that bromine is diatomic and a liquid.

ractice Problem
17. Complete the equations for
these single-replacement reactions that take place in aqueous
solution. Balance each equation. If a reaction does not
occur (use the activity series),
write "no reaction."
a. Fe(s) + Pb(N03)2(«r/)
>
b. Cl2(g) + Nal(aq)

>

c. Ca(s) + H 2 0(/)
ChemASAP!
Problem-Solving 17
Solve Problem 17 with the help
of an interactive guided tutorial.

m
TI

2. SOLVE Apply the problem-solving strategy.
For each reaction, write the skeleton equation first, then apply
the rules for balancing equations.
a. Zn(s) + H2S04(aq)
b. Na(5) + HOH(/)

> ZnS04(aq) + H2(g) (balanced)
> NaOH(^) + H2(g)

2Na(5) + 2HOH(/) - ^ 2NaOH(aq) + H2(g) (balanced)
C. no reaction
d. Cl2(g) + NaBrte*/) Cl2(g) + 2NaBrUw?)

-> NaCl(fl<7) + Br2(Z)
—> 2NaCi(aq) + Br2(/) (balanced)

3. EVALUATE Do the results make sense?
A single-replacement reaction occurs only when a more active
metal (or nonmetal) displaces a less active metal (or nonmetal)
from a compound. After ionic charges were used to write correct formulas for ionic products, the equations were balanced.

Double-Replacement Reactions
Many ionic compounds can dissolve in water to form solutions. When two
solutions of ionic compounds are mixed, the result still may be a solution.
This is what happens when solutions of sodium chloride and calcium
nitrate are mixed. A second possible outcome is that ions in the solutions
218
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K2C03(at7)
Potassium carbonate

+

BaCI2(aa)
Barium chloride

->

2KC\(aq)
+
Potassium chloride

react. Figure 8.10 shows that mixing aqueous solutions of barium chloride and potassium carbonate results in a chemical reaction. Barium
carbonate is the white precipitate formed. Potassium chloride, the other
product of the reaction, remains in solution. Double-replacement reactions
involve an exchange of positive ions between two reacting compounds.
Such reactions generally take place between two ionic compounds in
aqueous solution and are often characterized by the production of a precipitate. For a double-replacement reaction to occur, one of the following
is usually true.
1. One product is only slightly soluble and precipitates from solution. For
example, the reaction of aqueous solutions of sodium sulfide and cadmium nitrate produces a yellow precipitate of cadmium sulfide.
Na2S(a<7) + Cd(N03)2(fl<7)

BaC03(s)
Barium carbonate

Figure 8.I0
Aqueous solutions of barium
chloride and potassium carbonate
react in a double-replacement
reaction to form barium carbonate,
the white precipitate. Potassium
chloride, the other product of
the reaction, remains in solution.
(In this figure, the polyatomic
ion C032~ is represented as a
single sphere.)

• CdS(s) + 2NaN03(aq)

2. One product is a gas that bubbles out of the mixture. For example,
hydrogen cyanide gas is produced when aqueous sodium cyanide is
mixed with sulfuric acid.
2NaCN(aq) + H2S04(«r/)

> 2HCN(g) + Na 2 S0 4 (^)

3. One product is a molecular compound such as water. Combining solutions of calcium hydroxide and hydrochloric acid produces water as
one of the products.
Ca(OH)2{aq) + ZHCMaq)

> CaCU(aq) + 2H 2 0(/)
Chemical Reactions
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HffiffilHifflillffiliBil
Write a balanced chemical equation for each double-replacement
reaction.
a. BaC\2(aq) + K2C03(aq)
> (A precipitate of barium
carbonate is formed.)
b. FeS(s) + HC\{aq)
> (Hydrogen sulfide gas (H2S) is
formed.)
1. ANALYZE Plan a problem-solving strategy.
a. The driving force behind the reaction is the formation of
a precipitate. Write correct formulas of the products
using ionic charges. Then balance the equation.
b. A gas is formed in this double-replacement reaction.
Use ionic charges to write the correct formula of the
other product. Then balance the equation.

Practice Problems
18. Write the products for these
double-replacement reactions.
Then balance each equation.
a. NaOH + Fe(N03)3
>
(Iron hydroxide is a
precipitate.)
b. Ba(N03)2 + H3PO.1
>
(Barium phosphate is a
precipitate.)
19. Write a balanced equation for
each reaction.
a. KOH(aq) - H3?0A(aq)
>
b. H2S04 + Al(OH)3
>

2. SOLVE Apply the problem-solving strategy.
For each reaction, write the skeleton equation first, then apply
the rules for balancing equations.
a. BaCl2(fl4) + K2C03(fl<7)
> BaC03(<>) + KC\(aq)
BaCl2U7<7) + K2C03{aq)
> BaC03(s) + 2KC\(aq)
(balanced)
b. FeS(s) + HCUaq)
> H2S(g) + FeCl2(tf<7)
FeS(s) + 2HC1UK/)
> H2S(g) + ¥eC\2(aq) (balanced)

ChemASAPJ
Problem-Solving 18
Solve Problem 18 with the help •
of an interactive guided tutorial.

u

3. EVALUATE Do the results make sense?
After correct formulas of the ionic products were written using
ionic charges, the equations were balanced. Also, each reaction
follows one of the rules for double-replacement reactions.

Combustion Reactions
In a combustion reaction, an element or a compound reacts with oxygen,
often producing energy as heat and light. Combustion reactions commonly
involve hydrocarbons, compounds of hydrogen and carbon. The complete
combustion of a hydrocarbon produces the compounds carbon dioxide and
water. If the supply of oxygen is insufficient during a reaction, combustion
will be incomplete. Elemental carbon and toxic carbon monoxide may be
additional products. The complete combustion of a hydrocarbon releases a
large amount of energy as heat. Thus hydrocarbons such as methane (CH4),
propane (C3H8), and butane (C4II10) are important fuels. The combustion
reaction for methane is shown in Figure 8.11.
The reaction between some elements and oxygen is also an example of a
combustion reaction. For example, both magnesium and sulfur will burn by
reaction with oxygen. As what other type can these two reactions be classified?
2Mg(5) + 02(g)
Sis) + 02(g)
220
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-» 2MgO(5)
* S02(g)
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Figure
Methane gas reacts with oxygen
from the surrounding air in a
combustion reaction to produce
carbon dioxide and water.
What else is produced in this
reaction?

CH4(<?)
Methane

202(g)
Oxygen

*

002(g)
+
Carbon dioxide

2H2O(0)
Water

Sample Problem 8-9
Write balanced equations for the complete combustion of these
compounds.
a. benzene (C6H6)(/)
b. methanol (CH3OH)(/)
1. ANAL YZE Plan a problem - solving stra tegy.
Remember that oxygen is the other reactant in these combustion reactions. Also, because the reactions are complete, the
only products are C0 2 and H 2 0. Write the skeleton equation
for each reaction, then balance the equation.
2. SOLVE Apply the problem-solving strategy.
For each reaction, write the skeleton equation first, then
apply the rules for balancing equations.
a. C6H6(Z) + 02(g)
> C02(g) + H20(g)
2C6H6(/) + 1502(g)
> 12C02(g) + 6H20(g) (balanced)
b. CH3OH(/) + 0 2 (g) - •> C02(g) + H20(g)
2CH3OH(Z) + 302(g) —> 2C02(g) + 4H20(g) (balanced)
3. EVALUATE Do the results make sense?
Each balanced equation has the lowest whole-number set of
coefficients. Each side of the balanced equation has the same
number and kinds of atoms.

Practice Problems
20. Write a balanced equation for
the complete combustion of
each compound.
a. formic acid (HCOOH)
b. heptane (C7Hi6)
21. Write a balanced equation for
the complete combustion of
glucose (C6H,206).
(hemASAP!
Problem-Solving 21
Solve Problem 21 with the help
of an interactive guided tutorial.

m
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Simulation 5
Practice classifying reactions according to reaction type.

Predicting Products of a Chemical Reaction
Now that you have an understanding of some of the basic reaction types,
you can predict the products of many reactions. To predict the products of
a chemical reaction successfully, you must recognize the possible type of
reaction that the reactants can undergo. Keys to recognizing reaction types
and predicting products are shown in Figure 8.12.
Some reactions do not fit any one of the five general types discussed so
far. Another very important type of chemical reaction is an oxidation reduction, or redox, reaction. This type of reaction is discussed in Chapters
22 and 23. Recognizing types of reactions is important, but the only way to
determine the products of any reaction with certainty is to carry out the
reaction in the laboratory.

Figure 8.1Z
The five types of chemical reactions discussed in this chapter are summarized here.

Decomposition Reaction
General Equation: RS

>R+S

Reactants: Generally a single binary
or ternary compound
Probable Products: Two elements
(for a binary compound), or two or
more elements and/or compounds
(for a ternary compound)
Example: Heating mercury(ll) oxide

2Hg(/) + O2(0.
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Single-Replacement Reaction
General Equation:
T + RS
> TS + R
Reactants: An element and a compound.
In a single-replacement reaction, an element replaces another element from a
compound in aqueous solution. For a
single-replacement reaction to occur, the
element that is displaced must be less
active than the element that is doing the
displacing.
Probable Products: A different element
and a new compound
Example: Potassium in water
2K(s) + 2H 2 0(/)

> 2KOH(a<7) + H2(o)

Double-Replacement Reaction
General Equation:
R+ S" + T + I T
> R+ U" + T + S
Reactants: Two ionic compounds.
In a double-replacement reaction, two
ionic compounds react by exchanging
cations to form two different compounds.

1
j5->20

*

Probable Products: Two new compounds. Double-replacement reactions
are driven by the formation of a precipitate, a gaseous product, or water.
Example: Reaction of aqueous solutions
of barium chloride and potassium carbonate.

K2CO3(30) + BaCI2(a<7)

2KCI(ao) + BaC03(s)

Combustion Reaction
General Equation:
C x H y + ( x + y/4)0 2

>
xC02 + (y/2)H20

Reactants: Oxygen and a compound
of C. H, (0).
When oxygen reacts with an element
or compound, combustion may occur.

2-

Probable Products: C02 and H.,0
With incomplete combustion. C and CO
may also be products.
Example: The combustion of methane
gas in air

CH4(fl) + 2 0 ^ ) — > C02(o) + 2H20(o

ical Reactions
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1 Activity Series of Metals
PURPOSE

PROCEDURE

ANALYSIS AND CONCLUSIONS

To develop an activity
series of metals.

1. Clean each strip of metal with the
steel wool or sandpaper.

MATERIALS

2. Label each beaker with the name of
one of the solutions. There should be
three beakers for each solution.

1. In which solutions did the appearance
of the metal change? (Ignore the formation of bubbles.)

• 15 100-mL beakers
• 5 small strips each
of copper, magnesium, and zinc
metal
• steel wool or fine
sandpaper
• aqueous solutions
of the following:
CuS04 (0.05M)
MgS04 (0.05M)
NaCI (0.05M)
AgN03 (0.05M)
ZnS04 (0.05M)

2. Write a balanced equation for each reaction between a metal and a solution.

3. Pour 20.0 m l of each solution into
each of its labeled beakers.

3. Based on the results of your experiment, construct an activity series
for these five metals. Put the most
active metal first.

4. Divide the beakers into three groups.
each with one beaker of each solution.
Label one group of beakers copper,
one magnesium, and one zinc. Place a
strip of the corresponding metal into
each beaker.
5. After 1. 5. and 15 minutes make
observations of the metal strips and
the solutions.

section review 8.2
22. Balance each equation. Identify each as to type.
a. Pb(N0 3 ) 2 + K2CrO,
b. Cl 2 + KI

> PbCr0 4 + KN0 3

> KC1 + I 2

c. C 3 H 6 + 0 2

> C02 + H 2 0

d. Al(OH) 3

> A1203 + I I 2 0

e. Li + 0 2

> Li 2 0

f. HCl + F e 2 0 3
g. MgC0 3

> FeCl 3 + H 2 0

> MgO + C 0 2

h. Ba(CN) 2 + H 2 S0 4

> BaSO, + HCN

23. Complete and balance an equation for each reaction.
a. Cal 2 + Hg(N0 3 ) 2
b. Al + Cl2
c. Ag - IIC1

>

>

d. C 2 H 2 + 0 2
e. MgCl 2

>

f. II 2 0 2

>
>

>

24. What three types of products drive double-replacement reactions?
^ j
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(hem ASAP! Assessment 8.2 Check your understanding of the important
ideas and concepts in Section 8.2.

REACTIONS IN AQUEOUS SOLUTION
1 he beauty of a limestone cavern is the direct result of
chemical reactions involving water. Limestone caverns form
as calcium carbonate reacts with carbon dioxide dissolved in
water to form soluble calcium hydrogen carbonate. Additional carbon dioxide then converts the calcium hydrogen carbonate back into
calcium carbonate, which precipitates out, leaving behind dramatic stalactites and
stalagmites. What causes the formation of a precipitate?

section 8.3
objectives
•• Write and balance net ionic
equations
• Use solubility rules to predict
the precipitate formed in
double-replacement reactions
key terms
• complete ionic equation
• spectator ions
• net ionic equation

Net Ionic Equations
Our world is water-based. More than 70% of Earth's surface is covered by
water, and about 66% of the adult human body is water. It is not surprising,
therefore, that many important chemical reactions take place in water—
that is, in aqueous solution.
The reaction of aqueous solutions of silver nitrate with sodium chloride to form solid silver chloride and aqueous sodium nitrate is a
double-replacement reaction.
AgNOs(aq) + NaCl(aq)

> AgCl(s) + NaN03(aq)

As written, this equation continues the practice of representing ionic compounds by their formula units. This equation is more realistically written,
however, if you recognize that most ionic compounds dissociate, or separate, into cations and anions when they dissolve in water. For example,
when sodium chloride dissolves in water it separates into sodium ions
(Na+)(aq) and chloride ions {C\~){aq). Similarly, silver nitrate dissociates
into silver ions (A%+)(aq) and nitrate ions (N03~)(aq).
You can now write a complete ionic equation, an equation that shows
dissolved ionic compounds as their free ions.
Ag+(aq) -(- N03"{aq) + Nz+(aq) + C\'(acf)
>
AgCl(s) + Na+(aq) + N03~ (aq)
The equation can be simplified and made more useful by eliminating the
ions that do not participate in the reaction. You do this by canceling the
ions that appear on both sides of the equation.
Ag+(aq) + N&r&q) + H^inqj

+ C\~(aq)
>
AgCl(s) + NaHaqT+ NQrtaq)
Ions that are not directly involved in a reaction are called spectator
ions. Notice that the spectator ions appear on both sides of the equation.
You can rewrite this equation leaving out the spectator ions. This gives you
the net ionic equation, the equation that indicates only those particles that
actually take part in the reaction.
Ag+(aq) + C\~(aq)

> AgCl(<>)

In writing balanced net ionic equations, you must also balance the
ionic charge. For the previous reaction, the net ionic charge on each side of
the equation is zero and is therefore balanced. In other reactions, this may
not be the case. Consider the following reaction.
Pb(5) + AgN03(aq)

> Ag(s) + Pb(N03)2(aq)
Chemical Reactions
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The nitrate ion is the spectator ion in this reaction. The net ionic equation is
Pb(s) + Ag+(aq)

> Ag(s) + Pb2+(aq) (unbalanced)

Although this equation is balanced with respect to atoms, the ionic charges
do not balance. On the reactant side of the equation there is a single unit of
positive charge. On the product side there are two units of positive charge.
Placing the coefficient 2 in front of Ag+(aq) balances the charge. A coefficient of 2 in front of Ag(s) rebalances the atoms.
Pb(5) + 2Ag+(aq)

> 2Ag(s) + Pb2+(aq) (balanced)

Of the five types of reactions identified in this chapter, both singleand double-replacement reactions generally can be written as net ionic
equations.

Sample Problem 8-10
Identify the spectator ions and write balanced net ionic equations
for these reactions.
a. HC\(aq) + ZnS(aq)
> H2S(g) + ZnCU(aq)
b. Cl2(g) + NaBr(aq)
> Br2(/) + NaCl(^)
c. Aqueous solutions of iron(III) chloride and potassium
hydroxide are mixed, forming a precipitate of iron(III)
hydroxide.
1. ANALYZE Plan a problem-solving strategy.
Write the complete ionic equation for each reaction, showing
any soluble ionic compounds as individual ions. Any aqueous
ions that appear as both reactants and products are spectator
ions and are eliminated to give the net ionic equation. Finally,
balance the net ionic equation.

Practice Problems
25. Write balanced net ionic
equations for each reaction.
a. Pb(C104)2(ot/) + Nal(^)
> Pbl2(s) + NaC\04(aq)
b. Zn(5) + HC\(aq)
>
ZnCi2(aq) + H2(g)
c. Ca(OH)2(ag) + H3P04(aq)
> Ca 3 (P0 4 ) 2 (^) + H20(Z)
(hem ASAP!
Problem-Solving 25
Solve Problem 25 with the help
of an interactive guided tutorial.

n
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2. SOLVE Apply the problem-solving strategy.
a. Write the complete ionic equation.
H+(aq) + CT(aq) + Zn2+(aq) + S2~(aq)
>
2+
H2S(g) + Zn (aq) + C\~{aq)
The spectator ions are Zn2+ and Cl~. The balanced net
ionic equation is
2H+{aq) + S2~(aq)
> H2S(g)
b. Write the complete ionic equation.
Cl2(g) + Na+ (aq) + Br~(aq)
>
Br2(/) + Na+(a<7) + C\~(aq)
The spectator ion is Na+. The balanced net ionic equation is
Cl2(g) + 2Br~(aq)
> Br2(/) + 2CT{aq)
c. Write the complete ionic equation.
¥e3+{aq) + 3C\-{aq) + 3K+ (aq) + 30H"(fl^)
>
Fe(OH)3(s) + 3K+ (aq) + 3C\~ (aq)
The spectator ions are K+ and Cl~. The balanced net
ionic equation is
Fe3+(aq) + 30H"(aq)
> Fe(OH)3(s)

section 8.3

Sample Problem 8-10 (cont.)
3. EVALUATE Do the results make sense?
In each balanced net ionic equation, the number and kinds of
atoms in the reactants equal the number and kinds of atoms in
the product. The net charge of all the reactants equals the net
charge of all the products.
.

Predicting the Formation of a Precipitate
You have seen that mixing solutions of two ionic compounds can sometimes result in the formation of an insoluble salt called a precipitate. The
formation of a precipitate is predicted by using the general rules for solubility of ionic compounds, shown in Table 8.3. Should a precipitate form
when aqueous solutions of Na.2S04(aq) and Ba(N03)2(aq) are mixed? When
these four ions are mixed, the two new compounds that might form are
NaN0 3 and BaS04. These are the only two new combinations of cation and
anion possible.
2Na+(aq) + SO/-(aq) + Ba2+(aq) + 2N03~(aq)

>?

Sodium nitrate will not form a precipitate because alkali metal salts
and nitrate salts are soluble (Rules 1 and 2). Rule 4 indicates that barium
sulfate is insoluble and therefore will precipitate. In this reaction Na+
and N0 3 " are spectator ions. The net ionic equation for this reaction is
as follows.
Bad+(aq) + SO/~(aq)

> BaS04(s)

The mixing of solutions of sodium sulfate and barium nitrate is shown in
Figure 8.13. In this example, why is the formation of a precipitate from Na+
and SQj2~ or Ba2+ and N03~ not a concern?
Table 8.3
Solubility Rules for Ionic Compounds
Compounds

Solubility

Exceptions

1. Salts of alkali metals
and ammonia

Soluble

Some lithium compounds

2. Nitrate salts and
chlorate salts

Soluble

Few exceptions

3. Sulfate salts

Soluble

Compounds of Pb, Ag,
Hg, Ba, Sr, and Ca

4. Chloride salts

Soluble

Compounds of Ag and some
compounds of Hg and Pb

5. Carbonates, phosphates,
chromates, sulfides,
and hydroxides

Most are
insoluble

Compounds of the alkali
metals and of ammonia

figure 8.I3
A precipitate forms when aqueous
solutions of sodium sulfate and
barium nitrate are mixed.
Chemical Reactions 2 2 7
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Sample Problem 8-11
Use the solubility rules in Table 8.3 to identify the precipitate
formed and write the net ionic equation for the reaction of aqueous
potassium carbonate with aqueous strontium chloride.

Practice Problems

II

1. ANALYZE Plan a problem-solving strategy.
Write the reactants showing each as dissociated free ions. Then
look at possible new pairings of cation and anion that give an
insoluble substance. Finally, eliminate the spectator ions and
write the net ionic equation.

26. Identify the precipitate formed
when solutions of these ionic
compounds are mixed. Write
a net ionic equation.
NR,Cl(tf<7) + Pb(N03)2(fl^)
>
27. Write a complete ionic equation and a net ionic equation
for the reaction of aqueous
solutions of iron(III) nitrate
and sodium hydroxide.

2. SOLVE Apply the problem-solving strategy.
2K+ (aq) + C032_(aq) + Sr2+ (aq) + 2N0 3 " {aq)

>?

Of the two possible combinations, KN03 is soluble (Rules 1
and 2) and SrC03 is insoluble (Rule 5). Thus the net ionic equation is
Sr2+(aq) + CO^'{aq)
> SrC03(s)

.ChemASARj

3. EVALUATE Does the result make sense?
SrC03 is the only combination of cation and anion that gives
a precipitate. The equation is balanced in terms of atoms and
charge.

Problem-Solving 26
Solve Problem 26 with the help
of an interactive guided tutorial.

U
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28. Write a balanced net ionic equation for each reaction.
a. Pb(N03)2(ag) + U2SOA(aq)

> PbS04(s) + HN03(aq)

b. Pb(C2H302)2(a<7) + UCl(aq)
c. Na3P04(aq) + FeCl3(fl<7)

> PbCl2(s) + HC 2 H 3 0 2 (^)
> NaC\{aq) + FeP04(s)

d. (NH4)2S(fl<7) + Co(N03)2(a<7)

> CoS(s) + NH 4 N0 3 (^)

29. Write a net ionic equation for each reaction.
a. HC\{aq) + AgN03(aq)

>

b. Pb(C 2 H 3 0 2 ) 2 (^) + LiCKaq)
c. Na3P04(flg) - CvCl3(aq)

>
>

30. Identify the spectator ions in each reaction in Problem 29.
31. Identify the precipitate formed when solutions of these ionic compounds are mixed.
a. H2S04 + BaCl2
>
b. A12(S04)3 + NH4OH c. AgN03 + H2S

>

d. CaCl2 + Pb(N0 3 ) 2 e. Ca(N0 3 ) 2 + Na 2 C0 3
\j?\ (hem ASAP! Assessment 8.3 Check your understanding of the important
ideas and concepts in Section 8.3.
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SMALL-SCALE LAB
PRECIPITATION REACTIONS: FORMATION OF SOLIDS
SAFETY

a

m

ANALYSIS

Wear safety glasses and follow standard safety procedures outlined on page 18.

PURPOSE
To observe, identify, and write balanced equations for
precipitation reactions.

pencil
paper
ruler
reaction surface
chemicals shown in Figure A
AgN03
(Ag-)

1. Translate the following word equations into balanced chemical equations and explain how the
equations represent what happens in grid spaces
a and g.
a. In grid space a, sodium carbonate reacts with
silver nitrate to produce sodium nitrate and
solid silver carbonate.

MATERIALS
•
•
•
•
•

Using the experimental data, record the answers to
the following questions below your data table.

b. In grid space g, sodium phosphate reacts with
lead(ll) nitrate to produce sodium nitrate and
solid lead(ll) phosphate.

Pb(N03)2 CaCI2
(Pb2+)
(Ca2^)

2. Write a word equation to represent what happens
in grid space m.

Na2C03
(C032-)

a

f

k

3. What happens in grid space d? Which other mixings gave similar results? Is it necessary to write
an equation when no reaction occurs? Explain.

Na3P04
(P043")

b

g

I

4. Write balanced equations for the other precipitation reactions you observed.

c

h

m

5. Write balanced net ionic equations for the other
precipitation reactions you observed.

d

i

n

e

J

0

NaOH
(OH")
Na2S04
(S042")
NaCI
(CI")

Figure A

PROCEDURE
Draw two grids similar to Figure A on separate sheets
of paper. Make each square 2 cm on each side. Draw
large black Xs on only one of the grids. Place a reaction surface over the grid with black Xs and add the
chemicals as shown in Figure A. Use the other grid
as a data table to record your observations for each
solution.

YOU'RE THE CHEMIST
The following small-scale activities allow you to
develop your own procedures and analyze the results.
1. Analyze It! Mix a solution of potassium iodide
(KI) with silver nitrate and then separately with
lead(ll) nitrate to discover two distinctively colored precipitates. Write balanced equations and
net ionic equations for each reaction.
2. Design It! Table salt is mostly sodium chloride.
Design and carry out an experiment to find out if
table salt will form a precipitate with either
lead(ll) or silver nitrate.
3. Design It! Design and carry out an experiment to
show that iodized table salt contains potassium
iodide (KI).
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Chemistry Servinq...Society
COMBATING COMBUSTION
Many of the materials in
(MAP). MAP is useful for
the world around you —
Class A, B. and C fires.
such as wooden strucMAP coats hot surfaces
with a sticky residue that
tures, paper, trees, gasoexcludes oxygen and
line—are combustible. All
stops combustion.
it takes is a source of ignition to start a serious fire.
Another type of fire is
In North America alone,
one involving an energized
electrical circuit. Known as
fires kill more than 20 000
Class C fires, these fires
people and cause millions
cannot be fought with
of dollars in property damwater
because water
age each year. Fighting
almost
always
contains
enough
dissolved
salts to confires is an important application of chemistry.
duct
electricity.
Instead.
Class
C
fires
are
fought
with the
Fire, or combustion, is the rapid reaction of a fuel
same types of extinguishing agents as Class B fires.
with oxygen. The fuel is heated to start the fire. Once
started, a fire can be put out in three ways:
As you may remember, certain metals,
(1) by cooling the fuel. (2) by cutting off the
In North America such as magnesium, can also burn. Fires
involving metals are called Class D fires and
supply of oxygen, or (3) by trapping the comalone, fires kill
must be extinguished with special dry chembustion intermediates so they cannot react
ical powder fire extinguishers. Applying
with oxygen.
more than 20 000 water or carbon dioxide to a Class D fire is
Firefighters are called upon most often to
fight fires involving solid fuel, such as the
people and cause not wise because both compounds can actually react with the burning material.
wooden frame of a house. This kind of fire is

millions of dollars
known as a Class A fire. In a Class A fire the
When a whole forest of trees is burning,
techniques somewhat different from those
burning materials produce flammable gases
in property
used for fires involving buildings are called
that sustain and spread the fire. Water can be
damage each year. for. Water can be used to extinguish a forest
used to extinguish Class A fires because
fire, but getting the water to the fire can be a
(1) water cools the fuel to below its combusproblem.
Airplanes
or helicopters are used to dump fire
tion temperature and (2) when liquid water vaporizes, the
retardant
chemicals
on brush or forest fires. The dry
vapor dilutes the oxygen content of the surrounding air.
chemicals
are
usually
a mixture of MAP, ammonium
Wood, of course, is not the only material that can
sulfate, and iron oxide. These chemicals form a sticky
catch fire and burn. Cooking oil, greases, and flammaresidue on hot surfaces. The residue acts as a barrier to
ble liquids are all extremely combustible, and when they
oxygen. The chemicals also act as nutrients that
burn the fire cannot easily be extinguished with water. A
encourage
new growth of trees after the fire.
stream of water, in fact, might actually spread the burning liquid. These kinds of fires, called Class B. are often
fought with carbon dioxide fire extinguishers. Because
it is more dense than air. the carbon dioxide blankets
the burning fire and extinguishes the fire by cutting off
the oxygen supply. Class B fires can also be fought with
chemical powders. Portable dry powder extinguishers
found in homes contain monoammonium phosphate
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KEY TERMS
•
•
•
•
•
•

activity series of metals p. 217
balanced equation p. 207
catalyst p. 205
chemical equation p. 205
coefficient p. 207
combination reaction p. 212

Take It iothe NET

• combustion reaction p. 220
• complete ionic equation p. 225
*• decomposition reaction p. 215
• double-replacement reaction
p. 219

• net ionic equation p. 225
• single-replacement reaction
p. 217
• skeleton equation p. 205
• spectator ion p. 225

CONCEPT SUMMARY
8.1 Describing Chemical Change

• A chemical reaction can be concisely represented by a chemical equation.
• The substances that undergo a chemical
change are the reactants. The new substances
formed are the products.
• Special symbols are written after formulas in
equations to show a substance's state. The
designations for a solid, liquid, or gas are (s),
(/), and (g) respectively. A substance dissolved
in water is designated (aq).
• A catalyst is a substance that increases reaction rate without being used up by the
reaction. If a catalyst is used, its formula is
written above the arrow.
• In accordance with the law of conservation of
mass, a chemical equation must be balanced.
In balancing an equation, coefficients are used
so the same number of atoms of each element
are on each side of the equation.
8.2 Types of Chemical Reactions

• In a combination reaction, there is always a
single product. The reactants are two or more
elements and/or compounds that combine.
• A decomposition reaction involves the breakdown of a single compound into two or more
simpler substances.

In a single-replacement reaction, the reactants
and products are an element and a compound.
The activity series of metals can be used to
predict whether single-replacement reactions
will take place.
A double-replacement reaction involves the
exchange of cations (or anions) between two
compounds. This reaction generally takes
place between two ionic compounds in aqueous solution.
A combustion reaction always involves oxygen.
The products of the complete combustion of a
hydrocarbon are carbon dioxide and water.
8.3 Reactions in Aqueous Solution
A complete ionic equation shows all dissolved
ionic compounds as their free ions. It includes
spectator ions as well as ions involved in the
reaction.
Both single- and double-replacement reactions can be written as net ionic equations
in which spectator ions are deleted from
both sides of the equation.
The precipitate formed in a doublereplacement reaction can be identified
using a table of solubilities.

CHAPTER CONCEPT MAP
Use these terms to construct a concept map that organizes the major
ideas of this chapter.
I (hem ASAP! Concept Map 8

Create your Concept Map
using the computer.

balanced chemical
equation

skeleton
equation
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REVIEW
CONCEPT PRACTICE
32. Identify the reactants and products in each
chemical reaction. 8.1
a. Hydrogen gas and sodium hydroxide are
formed when sodium is dropped into water.
b. In photosynthesis, carbon dioxide and water
react to form oxygen gas and glucose.
33. How did John Dalton explain a chemical reaction using his atomic theory? 8.1
34. What is the function of an arrow (—>) and a
plus sign (+) in a chemical equation? 8.7
35. Write sentences that completely describe each
of the chemical reactions shown in these skeleton equations. 8.1
a. NH 3 (g) + 0 2 (g) - ^ N O ( g ) + H 2 0(g)
b. U2SOA(aq) + BaCL(aq)
>
BaS04(s) + HCl(aq)
c N 2 0 3 (g) + H,0(/)
> UN02(aq)
36. What is the purpose of a catalyst? 8.1
37. Balance equations for each item. The formula
for each product (object) is given. 8.1
a. a basketball team
center + forward + guard
> team
C +
F
+ G
> CF2G2
b. a tricycle
frame + wheel + seat + pedal
> tricycle
F
+ W + S + P
> FW3SP2
38. The equation for the formation of water from
its elements, H 2 (g) + 0 2 (g)
> H 2 0(7), can
easily be "balanced" by changing the formula
of the product to H 2 0 2 . Explain why this is
incorrect. 8.1
39. Balance the following equations. 8.1
a. P b 0 2
> PbO + 0 2
b. Fe(OH) 3
> Fe 2 0 3 + H 2 0
c. (NH 4 ) 2 C0 3
> NH 3 + H 2 0 + C 0 2
d. NaCl + H 2 S0 4
> Na 2 S0 4 + HC1
e. H 2 + Fe 3 0 4
^ Fe + H 2 0
f. Al + CuSQ,
-» A12(S04)3 + Cu
40. Explain why it is useful to classify reactions by
their type. 8.2
41. How do you predict the correct formula for the
combination reaction between a nonmetal and
a Group A metal? 8.2
42. What is a characteristic of every combination
reaction? 8.2

232

Chapter 8

43. Write balanced chemical equations for the
following combination reactions. 8.2
a. Mg + 0 2
>
b. P + 0 2
> diphosphorus pentoxide
c. Ca + S
>
d. Fe + 0 2
> iron(II) oxide
e. N 2 0 5 + H 2 0
>
44. Write a balanced chemical equation for each
decomposition reaction. 8.2
A

a.Ag 2 0(5) - £ - » ?
-*• <
b. nickel(II) carbonate

A

A

nickel(II) oxide + ?
c. ammonium nitrate
dinitrogen monoxide + water
45. What is a distinguishing feature of every
decomposition reaction? 8.2
46. For each of the following pairs, predict which
element as an atom would displace the other
element as an ion from a compound in aqueous solution. 8.2
a. iron and sodium
b. silver and copper
c. zinc and hydrogen (in HC1)
47. Use the activity series of metals to write a
balanced chemical equation for each singlereplacement reaction. 8.2
a. Au(s) + KN03(a<7)
>
b. ZnO) + AgN03(a<7)
>
c. Al(s) + H2S04(aq)
>
d. Cu(s) + H 2 0(/)
>
e.Al(s) + CuSO.i(aq)
>
48. Write a balanced equation for each of the following reactions. 8.2
a. UCKaq) + Ca(OH)2(tf<7)
>
b. Ag2S04(fl<7) + A1C13(^)
>
(Silver chloride is a precipitate.)
C. H2C204(a<7) + KOH{aq)
>
d. CdBi,{aq) + Na2S{aq)
>
(Cadmium sulfide is a precipitate.)
49. What substance is common to all combustion
reactions? 8.2
50. Write a balanced equation for the complete
combustion of each compound. 8.2
a. butene (C4H8)
b. octane (C8H18)
c. glycerol (C 3 H 8 0 3 )
d. acetone (C 3 H 6 0)

51. Balance each equation and identify its type. 8.2
a. Hf + N2
> Hf3N4
b. Mg + H2S04
> MgS04 + H2
C. C2H6 + 0 2
> C0 2 + H 2 0
d. Pb(N0 3 ) 2 + Nal
> Pbl2 + NaN0 3
e. Fe + 0 2
> Fe304
f. Pb(N0 3 ) 2
> PbO + N0 2 + 0 2
g. Hg(N03)2 + NH4SCN
>
Hg(SCN)2 + NH 4 N0 3
h. (NH4)2S04 + NaOH
>
NH3 + H 2 0 + Na2S04
{Hint: There are two stepwise reactions in this
equation.)
52. Complete each equation and then write a net
ionic equation. 8.3
a.Al(s) + H2S04{aq)
>
b. HCKaq) + Ba(OH)2(aq)
>
c. Au(s) + HCKaq)
>
53. What is a spectator ion? 8.3

CONCEPT MASTERY
54. Each of these equations is "balanced" but
incorrect. Find the errors and correctly
balance each equation.
a. Cl2 + Nal
> NaCl2 + I
b. NH3
> N + H3
c. Na + 0 2
> Na0 2
d. 2Mg + H2S04
> Mg2S04 + H2
e. MgCl + CaOH
> MgOH + CaCl
f. H2 + Cl2
> H2C12
55. Write a balanced chemical equation for each
reaction. Use the necessary symbols from
Table 8.1 to describe the reaction completely.
a. Bubbling chlorine gas through a solution of
potassium iodide gives elemental iodine and
a solution of potassium chloride.
b. Bubbles of hydrogen gas and aqueous
iron(lli) chloride are produced when metallic iron is dropped into hydrochloric acid.
c. Solid tetraphosphorus decoxide reacts with
water to produce phosphoric acid.
d. Solid silver oxide can be heated to give silver
and oxygen gas.
e. Iodine crystals react with chlorine gas to form
solid iodine trichloride.
f. Mercury metal is produced by heating a mixture of mercury(II) sulfide and calcium
oxide. Additional products are calcium sulfide and calcium sulfate.

56. Write balanced chemical equations for these
double-replacement reactions that occur in
aqueous solution.
a. Zinc sulfide is added to sulfuric acid.
b. Sodium hydroxide reacts with nitric acid.
c. Solutions of potassium fluoride and calcium
nitrate are mixed.
57. Write a balanced chemical equation for each
combination reaction.
a. sodium oxide + water
>
b. hydrogen + bromine
>
c. dichlorine heptoxide + water
>
58. Write a balanced chemical equation for each
single-replacement reaction that takes place
in aqueous solution. Write "no reaction" if a
reaction does not occur.
a. A piece of steel wool (iron) is placed in sulfuric acid.
b. Mercury is poured into an aqueous solution
of zinc nitrate.
c. Bromine reacts with aqueous barium iodide.
59. Pieces of sodium and magnesium are dropped
into separate water-filled test tubes (A and B).
Tube A bubbles vigorously; Tube B does not.
a. Which tube contains the sodium metal?
b. Write an equation for the reaction in the
^\
tube containing the sodium metal. What
type of reaction is occurring in this tube?
60. Write a balanced equation for the complete
combustion of each compound. Assume that
the products are carbon dioxide and water.
' a. octane (C8H18)
b. glucose (C6H1206)
c. acetic acid (HC2H302)
61. Write balanced chemical equations for these
decomposition reactions.
a. Aluminum can be obtained from aluminum
oxide with the addition of a large amount of
electrical energy.
b. Heating tin(IV) hydroxide gives tin(IV) oxide
and water.
c. Silver carbonate decomposes into silver
oxide and carbon dioxide when it is heated.
62. Write a balanced net ionic equation for each
reaction. The product that is not in solution
is given.
a. H2C204 + KOH
>
[H20]
b. CdBr2 + Na2S
>
[CdS]
c. NaOH + Fe(N03)3
>
[Fe(OH3)]
Chemical Reactions
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CUMULATIVE REVIEW

63. Choose the term that
ond relationship.
a. charcoal:ashes
(1) equation
(2) reaction
b. tool:hammer
(1) reaction
(2) Mn0 2

best completes the sec-

reactant:
(3) heat
(4) product
catalyst:
(3) sulfur
(4) combustion
C east:west
combination: _
(1) decomposition
(3) coefficient
(2) reaction
(4) replacement
64. Why is smoking not permitted near an oxygen
source? What would happen if a match were
struck in a room filled with oxygen?
65. Alkanes are hydrocarbon molecules that have
the general formula C„H2„^2. The graph shows
the number of oxygen, carbon dioxide, and
water molecules needed to balance the equations for the complete combustion of every
alkane having from one to ten carbon atoms.
C„H2„.2 +

02

>

C0 2 +

66. Calculate the number of moles in each
substance.
a. 54.0 L of nitrogen dioxide (at STP)
b. 1.68 g of magnesium ions
c. 69.6 g of sodium hypochlorite
d. 4.27 x 1021 molecules of carbon monoxide
67. What mass of gold (density = 19.3 g/cm3)
occupies the same volume as 2.20 mol of
aluminum (density = 2.70 g/cm3)?
68. Many coffees and colas contain the stimulant
caffeine. The percent composition of caffeine is
49.5% C, 5.20% H, 16.5% O, and 28.9% N. What
is the molecular formula of caffeine if its molar
mass is 194.1 g/mol?
69. The white solid calcium chloride (CaCl2) is
used as a drying agent. The maximum amount
of water absorbed by different quantities of
CaCl2 is given in the table below.

H20
j

15

a. Complete the table.
b. Plot the moles of water absorbed (y-axis)
versus the moles of CaCl2.
c. Based on your graph, how many molecules
of water does each formula unit of CaCl2
absorb?

10

CONCEPT CHALLENGE
0

2
4
6
8
Carbon atoms in alkane (n)

10

• • • Carbon dioxide
* • * •* Oxygen
• • • Water

a. Use the graph to write balanced equations
for the combustion of C5Hi2 and C9H20.
b. Extrapolate the graph and write balanced
equations for the combustion of C12H26 and
C17H36.
c. The coefficient for 0 2 in the general equation
is n +

x

/—

1

C0 2 and H20?
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. What are the coefficients for

70. Write a balanced chemical equation for each
reaction. Classify each as to type.
a. Sodium iodide reacts with phosphoric acid.
b. Potassium oxide reacts with water.
c. Heating sulfuric acid produces water, oxygen, and sulfur dioxide.
d. Aluminum reacts with sulfuric acid.
e. Pentane (C3H12) reacts with oxygen.
71. The mass of a proton and an electron are
1.67 x 10"24 g and 9.11 x 10"28 g, respectively.
a. What is the mass of a mole of protons and a
mole of electrons?
b. How many electrons are equal in mass to
one proton?

Chapter 8

STANDARDIZED TEST PREP

Select the choice that best answers each question or
completes each statement.
1. When the equation Fe 2 0 3 + H2
> Fe + H 2 0
is balanced using whole-number coefficients,
H2 has a coefficient of
a. 6.

b. 3.

c. 2.

11.

2. Identify the spectator ion is this reaction.
Ba(OH)2UH7) + H2S04UW7)

7. Write the net ionic equation for the formation
of the precipitate.
8. Write the complete ionic equation for the
formation of the gas.
Use the atomic windows to answer question 9.
Oxygen atoms are red; nitrogen atoms are blue.

>
BaS04(s) + H,0(Z)

a. Ba 2+
b. S0 4 2 "

c. OH"
d. H+
e. There is no spectator ion.
3. Magnesium ribbon reacts with an aqueous
solution of copper(II) chloride in a single
replacement reaction. The products of the
balanced net ionic equation for the reaction are
a. Mg+{aq) + 2Qr{aq) + Cu(s).

b. Mg"\aq) + C\~{aq) + Cu+(ag).
c. Mg*{aq) + Cu(5).
d. Cu(5) + 20T{aq).
4. The expected products of the decomposition
reaction of potassium oxide, K20, are
a.K + (s)and0 2 -(g).
b. K+(s) and 02(g).
c. K(s)and022-(g).
d. K(5) and 02(g).
5. In an equation, the symbol A above the yields
arrow means that
a. a change is about to occur.
b. heat is added to the reactants.
c. a catalyst is needed for the reaction to occur.
d. all of the above are correct.
Use the following description and data table to
answer questions 6-8.
Dropper bottles labeled P, Q, and R contain one of
three aqueous solutions: potassium carbonate,
K2C03; hydrochloric acid, HCl; and calcium nitrate,
Ca(N03)2. The table shows what happens when
pairs of solutions are mixed.
Solution

P

R

P
Q
R

—

precipitate

no reaction

precipitate

—

gas forms

Q

no reaction

gas forms

—

9. Which windows represents the reactants and
the products for the following reaction?
2NO(g) + 02(g)
> 2N02(g)
Use the diagram to answer questions 10-13.
-Glass tubing

Rubber tubing
Test tube
Ammonium carbonate

Test tube with
limewater

10. When ammonium carbonate is heated, water,
ammonia, and carbon dioxide are produced.
What type of chemical reaction is occurring?
11. Write formulas for the reaction products.
12. Write a balanced equation for the reaction.
Include states for reactants and products.
13. What purpose might the limewater serve?

6. Identify' the contents of each dropper bottle.
Chemical Reactions
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