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Acids and Bases 
in Solution

 It took hundreds of years to form 
these strange rock towers that surround Mono Lake in California. The knobs 
and spires of rock “grew” year by year as water from the landlocked lake 
evaporated. This left behind the masses of rock that had been dissolved in its 
waters. 

 Write a brief paragraph on what you think these rocks 
are made from.

NowNow how did  how did thatthat happen? happen?

Aqueous solutions of 
acids and bases have 
characteristic properties 
and can be identified by 
their pH values. 

LESSON 1
Solutions

 Most of the 
substances you encoun-
ter daily are solutions.

LESSON 2
Acidic, Basic, and 
Neutral Solutions

 The pH 
scale measures the acid-
ity of a solution.

7.c, 9.e

5.e, 9.a, 9.b, 9.e
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Start-Up Activities
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Where’s that bubble?
You encounter acids and 
bases every day. Do acids 
and bases react with one 
another?

Procedure 
1. Read and complete a lab safety form.

2. Measure 125 mL of distilled water into 
each of two beakers.

3. Add 10 g of baking powder to one beaker 
and 10 g of baking soda to the other.

4. Stir until dissolved. Record your observa-
tions in your Science Journal.

5. Add 15 mL of vinegar to each beaker and 
record your observations.

Think About This
• Describe what you expected and what you 

observed.

• Check the ingredient list on the box of 
baking powder. Is one ingredient com-
mon to both products? How does this 
explain your observations?

Visit       to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

 STEP 1 Fold  a sheet of paper in half 
lengthwise. Make the back edge about 2 cm 
longer than the front edge.

 STEP 2 Fold  into thirds.

 STEP 3 Unfold  and cut along the folds 
of the top flap to make three flaps.

 STEP 4 Label  the flaps as shown.

Determining pH Make 
the following Foldable to 
show how to determine 
whether a solution is acidic, 
basic, or neutral.

Interpreting 
As you read Lesson 2, record important 
information about acidic, basic, and neutral 
solutions. Be sure to include examples.

5.e 

ca8.msscience.com
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Learn It! Make connections between 
what you read and what you already know. Connections 
can be based on personal experiences (text-to-self), what 
you have read before (text-to-text), or events in other 
places (text-to-world).

As you read, ask connecting questions. Are you reminded 
of a personal experience? Have you read about the topic before? 
Did you think of a person, a place, or an event in another part 
of the world?

Practice It! Read the excerpt below and 
make connections to your own knowledge and experience.

Have you ever picked out your favorite nut from a 
bowl of mixed nuts? If so, you separated a compo-
nent from a mixture. Components of mixtures can be 
separated by taking advantage of the differences in 
their physical properties. Iron has the property of 
magnetism, but sand does not. A mixture of iron and 
sand can be separated by moving a magnet through 
the mixture. The magnet picks up the iron from the 
mixture. The sand remains behind.

—from page 386

In addition to 
magnetism, what 
are other properties 
of iron?

How can you use 
the property of 
magnetism to sort 
recycling materials?

GetGet  ReadyReady  toto  ReadRead
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Have you ever 
removed all the 
onions from your 
salad before eating it?

Make Connections

Apply It! As you read this 
chapter, choose five words or phrases that 
make a connection to something you 
already know.

ELA8: R 2.3
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 1  A substance can be an element or a mixture.

 2  In a mixture, you can always see the different parts 
that make it up.

 3 An alloy is a homogeneous mixture.

 4   Water is an excellent solvent because its electrons 
are shared equally.

 5  If a solution is unsaturated, you can dissolve more 
solute in it.

 6  A neutral solution has a pH of 7.

 7  Water is a product of a neutralization reaction.

 8  You can determine the exact pH of a solution by 
using litmus paper.

 9  Acids have pH values between 7 and 14.

 10 pH can be measured accurately with a pH meter.

Before You Read
A or D

Statement After You Read
A or D

Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

Make connections with 

memorable events, places, 

or people in your life.

The better the connection, 

the more likely you will 

remember.

Print a worksheet of
this page at
 .ca8.msscience.com

http://ca8.msscience.com


LESSON 1

Figure 1 These rock formations around Mono Lake in 
California form when the lake water can no longer contain 
all the salts and minerals that are dissolved in it.
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Solutions
Most of the substances you encounter daily are 

solutions. 

Real-World Reading Connection When you walk down 
the aisles in a supermarket, you can’t help but notice the variety 
of liquid products for sale. These include household cleaners, 
shampoos, fruit drinks, soft drinks, vinegar, and rubbing alco-
hol. What might these products have in common? 

What are the types of  matter?
Mono Lake is a salt lake located high in the Sierra Nevada, a 

mountain range in California. What’s special about this lake is 
that its water is more than twice as salty as the ocean. Mono 
Lake is an ancient lake with no outlet. Streams flow into the 
lake, bringing with them dissolved salts and minerals. Over the 
centuries, the amount of this dissolved matter has increased. 
Figure 1 shows some interesting formations called tufas (TOO 
faws) that line the lakeshore. These are composed of limestone, 
or calcium carbonate, that was originally dissolved in 
the water and then settled out. 

Reading Guide

What You’ll Learn

▼ Compare  two types of 
mixtures.

▼ Relate  the solvent 
properties of water to its 
molecular structure.

Why It’s Important
You will better understand 
acids and bases if you know 
how solutions differ from 
other types of mixtures.

Vocabulary
substance 
mixture 
homogeneous mixture 
heterogeneous mixture 
solution
solute 
solvent 

Review Vocabulary
liquid: matter with a 
definite volume but no 
definite shape that can flow 
from one place to another 
(p. 257)

  Science Content 
Standards

7.c Students know substances can be 
classified by their properties, including their 
melting temperature, density, hardness, and 
thermal and electrical conductivity.
9.e Construct appropriate graphs from 

data and develop quantitative statements 
about the relationships between variables.
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Substances 
The waters of Mono Lake contain only a small fraction of the 

different kinds of matter that exist on Earth. Recall that matter 
has mass and takes up space. Figure 2 shows that matter can 
be separated into two categories—pure substances and mixtures. 
A substance is matter that has the same composition and proper-
ties throughout. Elements and compounds are substances. Recall 
from Chapter 5 that an element consists of only one kind of atom. 
You are probably familiar with the elements calcium, carbon, and 
oxygen. Compounds are composed of elements that are bound 
together by ionic or covalent bonds. Some compounds you proba-
bly know of are water, sodium chloride, and calcium carbonate.

WORD ORIGIN
substance
 from Latin substantia; means 
being, essence, material

Figure 2 Notice that a substance can be a compound, such as hydrogen 
peroxide, or an element, such as gold.

Name two types of mixtures.
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Mixtures 
What happens when you combine two or more substances? A 

mixture is a combination of two or more substances that can be 
separated by physical means. Mixtures can contain elements, com-
pounds, or a combination of both. Each compound or element 
found in a mixture can be identified by its properties. Your favor-
ite soft drink is a mixture of water, sugar or another sweetener, fla-
vorings, and carbon dioxide. The sweet taste comes from the 
sugar, and the tartness comes from the carbon dioxide. Com-
pounds have definite compositions, but the composition of a mix-
ture can vary. 

 
What is the difference between a compound and a 
mixture?

Homogeneous Mixtures Sometimes, you can tell that a sample 
of matter is a mixture because you can identify more than one 
substance. Other times, it’s impossible to decide whether or not 
the sample is a mixture. A homogeneous mixture is two or more 
substances that are evenly mixed on the atomic level, but the sub-
stances are not bonded together. Figure 3 shows how an object, 
such as a brass doorknob, appears through a magnifying lens to be 
made of one substance. If you could see the atoms on the atomic 
level, however, you would notice that zinc and copper atoms are 
evenly mixed. Brass is a homogeneous mixture. A homogeneous 
mixture is also called a solution.

Heterogeneous Mixtures It is easy to tell that some things are 
mixtures by looking at them. A salad is a mixture of lettuce, 
tomatoes, and other ingredients. A mixture in which the sub-
stances are not evenly mixed is a heterogeneous mixture. Notice 
the regions of different colors in the sample of granite in Figure 4. 
The colors indicate that granite is made of more than one sub-
stance. Granite is a heterogeneous mixture. A bowl of vegetable 
soup and mixed nuts are examples of heterogeneous mixtures. 

WORD ORIGIN
homogeneous
 from Greek homos (means 
same) and genos (means kind) 
heterogeneous
 from Greek heteros (means dif-
ferent) and genos (means kind) 

Figure 3 The 
doorknob is a 
homogenous 
mixture of two 
elements.

Figure 4 When this 
granite rock formed, 
substances of different 
colors hardened into a 
solid mixture. 
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Solutions —Homogeneous Mixtures 
When table salt dissolves in water, the salt and water form a 

solution. A solution is a homogeneous mixture. You make a solu-
tion when you stir fruit-drink mix into a volume of water, as 
shown in Figure 5. In the center, the mix has just been added to 
the water. You can see both the solid fruit-drink mix and the liquid 
water. This is a heterogeneous mixture. When you stir the 
mixture, the solid material dissolves. Now, the solution looks the 
same throughout. The fruit drink on the right is ready to drink. In 
the formation of a solution, two or more substances are evenly 
mixed, but they each retain their identities. The water molecules 
are unchanged, and the ingredients of the fruit-drink mix remain 
the substances they were before dissolving.

 Figure 5 Identify evidence that the drink is a homo-
geneous mixture.

Imagine that you add a spoonful of salt to water and stir until 
the mixture is homogeneous. You have made a saltwater solution. 
The salt and the water are still present in the solution. Both sub-
stances retain their individual physical properties. The solution is 
clear and colorless like pure water and has a salty taste like pure 
salt. You can vary the amounts of salt and water by adding more 
salt or more water and stirring until the solution is clear again. 

ACADEMIC VOCABULARY
individual
(adjective) distinctly associ-
ated with a person or thing 
Each person had his or her own 
individual thoughts on the 
subject. 

Figure 5 When fruit-drink mix and water are mixed together 
and have a uniform appearance, they form a homogeneous 
mixture, or solution.




Table 1 Common Types of Solutions 

State of 
Solution

State of 
Solute

State of 
Solvent

Example

Gas Gas Gas

Liquid Gas Liquid

Liquid Liquid Liquid

Liquid Solid Liquid

Solid Solid Solid
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Components of Solutions Solutions are formed when one sub-
stance dissolves in another. Consider a solution of salt in water. 
Salt is called the solute in this solution. The solute in any solution 
is the dissolved substance. The substance that is used to dissolve 
the solute is the solvent. Water is the solvent in a saltwater solu-
tion. The solvent is the component of the solution that is present 
in the larger amount. Many solutions contain two or more solutes 
dissolved in a solvent.

Types of Solutions Substances in each of the three states of mat-
ter—solid, liquid, and gas—may act as a solute or a solvent. Solu-
tions are usually classified by the state of the solvent: solid 
solutions, liquid solutions, and gaseous solutions. Table 1 gives 
examples of some common types of solutions.  Notice that alloys 
are solutions of a solid in a solid.

 
How can you tell which component in a solution is 
the solvent?

SCIENCE USE V. COMMON USE 
solution
Science Use a homogeneous 
mixture
In a solution, you cannot see 
individual substances because 
they are evenly mixed.
Common Use an answer to a 
problem
He couldn’t relax until he found 
the solution to the puzzle.
 

Interactive Table Organize information about 
types of solutions at          .ca8.msscience.com
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Figure 6 Manufacturers can create different alloys 
to meet specific needs such as strength, durability, 
lightness, and appeal. 

Infer why lightweight alloys are used in cars whenever possible.
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Alloys —Solid Solutions Most metallic objects, such as a steel 
cooking pan, are solid solutions called alloys. An alloy is a mixture 
of a metal and one or more additional elements. Alloys have 
metallic properties even though they may contain small amounts 
of a nonmetal, such as carbon. A solid solution of copper and sil-
ver dissolved in gold is the alloy known as 14-karat gold (14K).

Alloys are used in making a variety of products. You may have 
jewelry made of sterling silver, which is an alloy of copper and sil-
ver. Many statues are made of bronze, an alloy of zinc and tin in 
copper. Steel is the name given to a wide variety of alloys of iron. 
Most steels contain a certain amount of carbon plus one or more 
metallic elements. Forks, knives, pots, and pans are often made 
from stainless steel. Stainless steel contains chromium and nickel 
dissolved in iron. 

Figure 6 shows some of the alloys that are used to make an 
automobile. The composition of the alloy determines its properties 
and uses. Automobile bodies require strong, corrosion-resistant, 
lightweight alloys that can carry heavy loads. The engine must be 
made of lightweight, heat-resistant alloys.




iron fillings salt

salt and 
iron in 
beaker

Add water 
and stir.

Separating Mixtures 
by Physical Means 

Have you ever picked out your favorite nut from a bowl of 
mixed nuts? If so, you separated a component from a mixture. 
Components of mixtures can be separated by taking advantage of 
the differences in their physical properties. Iron has the property 
of magnetism, but sand does not. A mixture of iron and sand can 
be separated by moving a magnet through the mixture. The mag-
net picks up the iron from the mixture. The sand remains behind. 

Boiling, melting, dissolving, freezing, and evaporating are 
some physical changes that can also be used to separate mixtures. 
Figure 7 illustrates how dissolving and evaporating can separate an 
iron-and-salt mixture. Follow the steps in the recovery of both the 
iron and the salt. 

ACADEMIC VOCABULARY
component 
(kum PO nent)
(noun) one of a number of 
parts that make up a whole. 
Wheels and pedals are two 
components of a bicycle. 

Figure 7 Follow the process below to see how iron can be separated from salt.

Predict whether this procedure would work for a mixture of salt and sand.




Figure 8 At each temperature, 
you can find the solubility for each 
substance. In this graph, the solubil-
ity is the mass of a substance that 
will dissolve in 100 g of water. 

Determine from the graph the solubility 
of sucrose at 20°C.
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Solubility—How much can 
dissolve? 

Is there a limit to the amount of salt that will dis-
solve in water? The water of Mono Lake contains more 
dissolved salt than the waters of the ocean. That 
means that in a given volume of Mono Lake’s water, 
there is more salt than there is in the same volume of 
ocean water. As you read, you will learn that there are 
limits, and that these limits depend on temperature.

Solubility 
If you add spoonful after spoonful of salt to a glass 

of water, at some point no more salt will dissolve. 
Excess salt crystals will remain on the bottom of the 
glass. The water contains the maximum amount of 
salt it can hold. Solubility is a measure of how much 
solute can be dissolved in a given volume or mass of 
solvent. 

Effect of Temperature
Each substance has a unique solubility, which 

changes with temperature. Figure 8 shows the solubili-
ties of four substances at temperatures ranging from 
0°C to 100°C. Notice that in the graph, solubility is 
measured as the number of grams of solute that will 
dissolve in 100 g of solvent. Using Figure 8, you can 
determine that 40 g of potassium chloride, KCl, dis-
solves in 100 g of water at 40°C.

Saturated and Unsaturated Solutions
When you added the first spoonful of salt to the 

glass of water, it dissolved, and you added a second 
spoonful. When the second spoonful dissolved, you 
could conclude that the first solution had been unsat-
urated. An unsaturated solution is any solution that 
can dissolve more solute at a given temperature. You 
continued adding salt until no more salt would dis-
solve. At that point, the solution was saturated. A sat-
urated solution is any solution that contains all the 
solute it can hold at a given temperature. The water of 
Mono Lake is saturated with salts. When some of the 
water evaporates, the remaining water is not enough 
to hold all the salts. The salts drop out of the water 
and form the solid formations called tufas.

 
How can you tell when a solution is 
saturated? 




Figure 9 Twice as much 
powder was added to the 
drink on the left.

Infer which is the dilute solution. 
Which is concentrated?
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Concentration—How much is 
dissolved?

Whether a solution is saturated or unsaturated, it’s often impor-
tant to know the concentration of the solution. The concentration 
of a solution is the amount of solute present in a solution com-
pared to the amount of solvent.

Concentrated and Dilute Solutions 
You can always add more sugar to your lemonade if it’s too 

sour. Adding sugar changes the concentration of the sugar in the 
lemonade. The concentration of sugar in the sour lemonade is low. 
It is a dilute solution. Sweeter lemonade is a more concentrated 
solution. The words concentrated and dilute are ways of describing 
solutions. Examples of concentrated and dilute solutions are 
shown in Figure 9.

Concentration in Grams per Liter (g/L)
The terms concentrated or dilute and saturated and unsaturated 

do not tell you exactly what the concentration of a solution is. A 
more precise way of expressing the concentration of a solution 
is to give the number of grams of solute that is dissolved in 1 L of 
solution. For example, if you dissolve 10 g of sodium chloride in 
enough water to make a total volume of 1 L, the concentration of 
your solution is 10 g/L. 

Percent by Volume 
Percent by volume is another way of describing a solution’s con-

centration. Percent by volume is the volume of solute in a specified 
volume of solution. Figure 10 shows the label on a bottle of hydro-
gen peroxide. The label states that this solution is three percent 
hydrogen peroxide. That means that 3 mL of hydrogen peroxide is 
present in every 100 mL of the solution.

What does 15 percent juice indicate about a solution?

Figure 10 Three per-
cent hydrogen peroxide 
is used as a disinfectant 
for minor wounds.
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Water as a Solvent
In other science classes, you might have learned that water is 

essential to all living organisms. Water makes up about 70 percent 
of your total body mass. More than 75 percent of Earth is covered 
with water. However, the water found in your body and in lakes, 
streams, and wells is not pure water. Other substances are dis-
solved in it. For example, you might have noticed that ocean water 
tastes salty. This is because salt is dissolved in it. In fact, most 
water that exists on Earth is in the form of a solution. Why is this?

The Polarity of Water
In nature, water nearly always exists as a solution because many 

different types of substances are soluble in water. For this reason, 
water is often referred to as “the universal solvent.” What property 
of water allows it to dissolve so many different things? Recall that 
water, shown in Figure 11, is a covalent compound with a bent 
shape. One oxygen atom shares two pairs of electrons with two 
hydrogen atoms. However, the electrons are not shared equally. 
Notice that the electrons in the oxygen-hydrogen (O–H) bonds are 
closer to the oxygen atom than they are to the hydrogen atoms. 
This unequal sharing of electrons makes the oxygen atom slightly 
negative and both hydrogen atoms slightly positive. A molecule 
with a slightly negative end and a slightly positive end is called a 
polar molecule. Many other covalent compounds, such as sugar 
and alcohol, are also polar.

 Figure 11 Is the water molecule itself charged? Explain 
your answer. 

Figure 11 The shape of the water molecule and the 
unequal sharing of electrons results in a separation 
of charge. 




Polar Solvents and Polar Molecules
Scientists often use this simple rule for solubility: “Like dissolves 

like.” This expression suggests that polar solvent molecules, such 
as water, are likely to dissolve other polar molecules. Figure 12 
shows that the alcohol molecule, ethanol has one O–H bond. 
Like the bonds in the water molecule, electrons are unequally 
shared between the oxygen atom and the attached hydrogen atom, 
so the ethanol molecule is polar. When mixed with water, the pos-
itive ends of water molecules are attracted to the negative parts of 
ethanol molecules. Similarly, the negative ends of water molecules 
are attracted to the positive parts of ethanol molecules. In this 
way, ethanol molecules are pulled into solution. Ethanol and water 
are very soluble in each other.

Polar Solvents and Ionic Compounds
Many ionic compounds are also soluble in water. Recall that 

ionic compounds are composed of positive and negative ions that 
alternate in the solid crystal lattice. When the ionic compound 
sodium chloride is placed in water, as shown in Figure 13, water 
molecules attach themselves to ions in the crystal and pull them 
away. Notice that the positive end of the water molecule attracts 
the negative chloride ion. The negative end of the water molecule 
attracts the positive sodium ion. Thus, water molecules surround 
the ions and prevent them from reforming as a solid.

 
Why is water a good solvent for polar molecules and 
ionic compounds?

Figure 12 You can infer 
from the label that ethanol 
is the solvent in this solution 
because it is present in the 
greater amount.

Figure 13 Water molecules 
surround both the positive and 
the negative ions. 

Explain the difference in the way 
water molecules surround the sodium 
ion compared to the way they sur-
round the chloride ion.

390 Chapter 9 
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Conductivity of Aqueous Solutions
Ions in solution are responsible for the ability of an aqueous 

solution to conduct electricity. In order for electricity, or electric 
charges, to flow, there must be a continuous path along which 
charges can move. In the apparatus shown in Figure 14, the beaker 
contains a solution of sodium chloride. Electric charges are carried 
from the battery and through the wires to the lightbulb. Notice 
that they must also move through the water solution in the beaker. 
When the beaker holds a solution containing ions, the ions carry 
the charge, so the lightbulb lights. The light shows that sodium 
chloride is an electrolyte. An electrolyte is any compound that 
produces ions when it dissolves in water. Compounds that do not 
form ions in water solutions are unable to conduct electricity and 
are called nonelectrolytes. Many nonelectrolytes are covalent com-
pounds such as sugar. Figure 14 shows that when the beaker con-
tains a solution of sugar, the lightbulb does not light.

Figure 14 Electricity flows through the sodium chloride 
solution but not the sugar solution.

Infer whether pure water conducts electricity.

Electrolyte

Nonelectrolyte




LESSON 1 Review
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How can you sum up matter? 
Heterogeneous and homogeneous mixtures are the most com-

mon forms of matter. Mixtures can be separated by making use of 
differences in the physical properties of the components and the 
physical changes they undergo. Many homogeneous mixtures are 
aqueous solutions because water dissolves many substances. 
Water’s excellent solvent properties are a result of its polarity and 
the bent shape of its molecules. Water dissolves both ionic com-
pounds and polar covalent compounds. In aqueous solutions, ionic 
compounds break up into ions. Because of the dissolved ions, these 
solutions conduct electricity and are called electrolytes. 

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you design a 
visual aid.

1. Write the lesson title, 
number, and page num-
bers at the top of your 
poster. 

2. Scan the lesson to find 
the red main headings. 
Organize these headings 
on your poster, leaving 
space between each.

3. Design an information 
box beneath each red 
heading. In the box, list 
2–3 details, key terms, 
and definitions from each 
blue subheading.

4. Illustrate your poster with 
diagrams of important 
structures or processes 
next to each information 
box.

ca8.msscience.com

Standards Check

Using Vocabulary

 1. Distinguish between a 
homogeneous and a hetero-
geneous solution. 7.c

 2. Describe a solution using the 
words solute and solvent. 7.c

Understanding Main Ideas

 3. Which solution contains the 
largest volume of solvent in 
100 mL?   7.c

A. 3 percent alcohol

B. 30 percent alcohol

C. 70 percent alcohol

D. 95 percent alcohol

 4. List four forms of matter. 7.c

 5. Explain why water is called 
the “universal solvent.” 7.c

 6. Give an example, not found 
in this chapter, of a mixture 
that is not a solution. 7.c

 7. Show, by means of drawings, 
the difference between a sat-
urated and an unsaturated 
solution.  7.c

 8. Organize Information Copy 
and fill in the graphic orga-
nizer below with details 
about homogeneous and 
heterogeneous mixtures. 7.c  

  

 9. Predict whether ammonia is 
soluble in water. Ammonia is 
a polar molecule. 7.c

Applying Science

10. Formulate a hypothesis 
about whether a substance 
that contains an O–H group 
will dissolve in water. Sup-
port your hypothesis.  7.c

11. Design an experiment to 
determine whether alcohol is 
an electrolyte. 7.c

ELA8: R 2.3
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Have you noticed that sugar dissolves more readily in hot tea 
than in iced tea? How do the solubilities of substances change 
with temperature?

Data
These data show the masses of potassium nitrate and sodium 
nitrate that will dissolve in 100 g of water.

CRC Handbook of Chemistry and Physics, 80th Edition, 1999–2000, CRC Press LLC, 
pp. 8–105, 8–108

Data Analysis
1. Graph  the data on a single sheet of graph paper.

2. Determine  the temperature at which the solubilities of both 
solutes are the same.

3. Determine  the temperatures at which 100 g of each solute 
dissolves. How much of each solute dissolves at 55°C?

How do solubilities differ?

Solubility Data

Temperature 
(°C)

Potassium Nitrate 
(KNO3) (grams)

Sodium Nitrate 
(NaNO3) (grams)

  0  14  73

 20  32  87

 40  63 104

 60 109 124

 80 170 147

100 242 176

 
Science Content Standards

7.c  Students know substances can be classified by their properties, including their 
melting temperature, density, hardness, and thermal and electrical conductivity.
9.e  Construct appropriate graphs from data and develop quantitative statements 

about the relationships between variables.

ALG: 6.0
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LESSON 2

Figure 15 These foods contain acids, such as 
citric acid and folic acid, that are important in your 
diet. Several different bases, including sodium hydrox-
ide and ammonia, are found in cleaning products. 
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Acidic, Basic, and 
Neutral Solutions

The pH scale measures the acidity of a solution.

Real-World Reading Connection If your stomach is upset 
because of excess acid, you might take an antacid. You can think 
of an antacid as the opposite of an acid. Antacids are bases. They 
work in opposition to the way that acids work. 

What are acids and bases?
You may have heard that acids eat through clothing and even 

destroy things made of metal. You may also know of products 
containing bases that are used for the tough jobs of cleaning 
clogged drains and ovens. These acids and bases are strong 
products. You should protect your hands and eyes with gloves 
and goggles when you use them. Many other products that you 
buy at the supermarket are also acids or bases. For example, 
vinegar and lemon juice are acids. Soap and baking soda are 
bases. Figure 15 shows additional acids and bases that you might 
know about.

Reading Guide

What You’ll Learn

▼ Distinguish acids from 
bases by their properties.

▼ Understand the pH scale.

▼ Identify different ways of 
measuring pH. 

Why It’s Important
Many chemical reactions 
take place in an aqueous 
solution, and these reactions 
are affected by the presence 
of hydronium and hydroxide 
ions.

Vocabulary
acid
hydronium ion
base
pH 
indicator 
pH meter 

Review Vocabulary
atom: very small particle 
that makes up all matter 
(p. 174)

  Science Content 
Standards

5.e Students know how to determine 
whether a solution is acidic, basic, or neutral.
9.a Plan and conduct a scientific 

investigation to test a hypothesis.
9.b Evaluate the accuracy and 

reproducibility of data.
9.e Construct appropriate graphs from 

data and develop quantitative statements 
about the relationships between variables.
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Acids 
What makes orange juice, dill pickles, and grapefruit juice have 

a sour taste? Acids cause the sour taste of these and other foods. 
An acid is a substance that releases a positively charged hydrogen 
ion, H�, in water. When an acid mixes with water, the acid dis-
solves, releasing a hydrogen ion.

Properties of Acids
Acids are easily recognized by their sour taste. Citric acid makes 

lemons and limes taste sour. Vinegar is sour because it contains 
acetic acid. However, you should never test any material in the lab-
oratory by tasting it. A way to test for acids is to use litmus paper. 
Litmus paper contains a compound that changes color in acids and 
bases. Acids turn blue litmus paper red. 

 
How does litmus paper change when dipped in 
an acid?

Acids also react with metals and release hydrogen gas, H2. 
Figure 16 shows that if you place a piece of zinc in an acidic solu-
tion, bubbles of hydrogen gas form. Figure 17 shows that bubbles 
form when an acid reacts with limestone, or calcium carbonate. In 
this case, the bubbles are carbon dioxide gas. Geologists use this 
reaction to test and classify rocks. The ability to neutralize a base 
is another important chemical property of an acid. Neutralization 
is a chemical reaction between an acid and a base in which a salt 
and water are formed. A neutral solution or substance is one that 
is neither acidic nor basic.

What is a hydronium ion?
You have just read that an acid contains a hydrogen atom. When 

an acid dissolves in water, the hydrogen ion, H�, separates from 
the rest of the acid molecule and combines with a water molecule. 
The combination of a water molecule and a hydrogen ion produces 
a hydronium ion. A hydronium ion is positively charged and has 
the formula H3O�. This formula, not H�, accurately represents 
how the hydrogen ion exists in an aqueous solution.

All acidic solutions contain positive hydronium ions. Because 
they contain ions, acid solutions conduct electric currents and are 
called electrolytes.

Figure 16 When an 
acid reacts with a 
metal, such as zinc, 
hydrogen bubbles 
form.

Figure 17 When an 
acid reacts with lime-
stone, which is calcium 
carbonate, carbon diox-
ide gas is formed.

State whether the ability 
to neutralize is a physical or 
chemical property.

���������	
��
�����	����������
��	�������	�
���������
�������
���������������������
��	�������	




396 Chapter 9 • Acids and Bases in Solution

Uses of Acids 
You might be surprised to find out how important acids are in 

your life. Your stomach contains an acid that helps break down the 
food you eat. Amino acids are the monomers in the protein poly-
mers that make up your body tissues. Carbonic acid and phos-
phoric acid maintain a delicate balance in your blood. Acids are 
also important in your diet. For example, vitamin C, which is 
found in orange juice and other foods, is ascorbic acid. Serious 
health problems can result from a lack of vitamin C.

Acids are also used in making many products. Manufacturers 
use sulfuric acid in a wide variety of products, including fertiliz-
ers, detergents, plastics, and pesticides. Hydrochloric acid, com-
monly called muriatic acid, is used as a strong cleaner for bricks 
and concrete. Like sulfuric acid, hydrochloric acid is used in man-
ufacturing products ranging from rubber to medicine. Figure 18 
describes how acids can dissolve in water vapor in the atmosphere 
and fall to Earth as acid precipitation—rain, snow, and sleet.

Explain why acids are important to your body.

Bases 
Now you know something about acids. You might not be as 

familiar with bases as you are with acids. A base is a substance 
that produces hydroxide ions when dissolved in water. The for-
mula for a hydroxide ion is OH�. Every time you wash your 
hands, you are using a base.

Sodium hydroxide, NaOH, and magnesium hydroxide, 
Mg(OH)2, are common bases. Sodium hydroxide is the main 
ingredient in some drain cleaners. Magnesium hydroxide is used 
in antacids. 

Ammonia, NH3, is also a base, but notice that its formula does 
not contain a hydroxide ion. Ammonia acts as a base by accepting 
a hydrogen ion from water. 

 
What are the products of the reaction between 
ammonia and water? 
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Visualizing Acid Precipitation

Figure 18
When fossil fuels such as coal and oil are burned, a variety of 
chemical compounds are produced and released into the air. In the 
atmosphere, some of these compounds form acids that mix with 
water vapor and fall back to Earth as acid precipitation: rain, sleet, 
snow, or fog. The effects of acid precipitation on the environment 
can be devastating. Winds carry these acids hundreds of miles 
from their sources, damaging forests, corroding statues, and 
endangering human health.

A  Power plants and 
cars burn fossil fuels 
to generate energy 
for human use. In the 
process, sulfur dioxide 
(SO2) and nitrogen 
oxides are released 
into the atmosphere. 

C  Some acid rain in 
the United States has a 
pH as low as 2.3. This 
is close to the acidity 
of stomach acid.

B  Sulfur dioxide and nitrogen oxides 
react with water vapor in the air to 
form highly acidic solutions of nitric 
acid (HNO3) and sulfuric acid (H2SO4). 
These solutions eventually return to 
Earth as acid precipitation.

Contributed by National Geographic
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Properties of Bases 
Like acids, bases have a common set of properties. In aqueous 

solutions, they feel slippery on your skin. You experience this 
when you use soap, which contains a base. If you have ever gotten 
soap in your mouth, you know how bitter it tastes. A bitter taste is 
another physical property of bases. Solutions of bases cause red lit-
mus paper to turn blue. Like solutions of acids, solutions of bases 
contain ions, so they are electrolytes. Bases neutralize acids by 
forming salts and water. 

What is a hydroxide ion? 
You may be wondering where the ions in a solution of a base 

come from. Most bases are ionic compounds. When a base dis-
solves in water, it separates into a positive ion and a negative 
hydroxide ion, as shown in Figure 19. All the properties of bases 
are a result of the presence of hydroxide ions that form when the 
base is dissolved in water. 

Figure 19 Sodium hydroxide is a base because it produces hydroxide ions 
when it dissolves in water. 

Identify the two ions produced in a solution of sodium hydroxide.

������������




Figure 20 The water in the 
tank that is home to these jellies 
at the Monterey Bay Aquarium 
must be kept at a pH between 
8.1 and 8.4.
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Uses of Bases
You may already know how handy a base such as magnesium 

hydroxide can be if you have indigestion. Magnesium hydroxide 
is found in milk of magnesia, a medicine used to soothe stomach 
distress. Another base, baking soda, is used to make biscuits and 
other breads. Gardeners use bases to make acidic soil neutral. 
Strong bases, such as sodium hydroxide, are used for cleaning 
because they are able to eliminate grease. Bases are also used to 
produce new products. For example, sodium hydroxide is used 
to manufacture soap, rayon, and paper. Calcium hydroxide is 
used to make plaster and mortar. 

Not all bases are equally strong. The same is true of acids. Sci-
entists have developed a way of measuring the acidity or basicity of 
solutions. Why is this important?

What is pH?
Biologists at the Monterey Bay Aquarium in California must 

monitor the acidity of water to ensure the survival of the animals 
sheltered there. Jellies, shown in Figure 20, are sensitive to changes 
in acidity. Aquarium biologists must be able to measure and con-
trol the acidity of the water. How do they measure acidity using 
numbers? 

The pH Scale
pH is a numerical scale used to indicate how acidic or basic a 

solution is. The scale runs from below 0 to above 14. Acidic solu-
tions have a pH below 7. Highly acidic solutions have pH values 
near 0. Basic solutions have a pH above 7. Highly basic solutions 
have pH values near 14. Neutral solutions have a pH of 7.  

 
If a solution has a pH of 10, is the solution acidic 
or basic?

WORD ORIGIN
pH
 from P (German Potenz; 
means potency, power) and H 
(the symbol for hydrogen); 
coined by S. P. L. Sörensen
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pH and Hydronium Ion 
Concentration 

pH is a measure of the concentration of 
hydronium ions, H3O�, in a solution. The 
higher the concentration of hydronium ions, 
the more acidic the solution is. The lower the 
concentration of hydronium ions, the more 
basic the solution is. It’s helpful to notice that 
the hydronium ion concentrations and pH val-
ues go in opposite directions. At low pH val-
ues, the concentration of hydronium ions is 
high. As the pH values increase, the hydro-
nium ion concentration gradually decreases. 
At high pH values, the concentration of hydro-
nium ions is low. 

Hydronium Ions, Hydroxide 
Ions, and pH 

All acid and base solutions contain both 
hydronium ions and hydroxide ions. What dis-
tinguishes an acid from a base is which of the 
two ions is present in the greater concentra-
tion. Figure 21 shows that in an acid solution 
(pH less than 7), hydronium ions are present 
in greater concentration than hydroxide ions, 
OH�. In basic solutions (pH greater than 7), 
the concentration of hydroxide ions is greater 
than the concentration of hydronium ions. In 
neutral solutions (pH � 7), the hydronium ion 
and hydroxide ion concentrations are equal. 

 
Which ion—hydroxide or hydro-
nium—is present in the greater 
amount in an acid solution?

Milk has a pH of 6.4. What does this pH 
value mean? Figure 22 shows that pH 6.4 is 
close to pH 7, which is neutral. At pH 7, the 
hydronium and hydroxide ion concentrations 
are equal. A pH of 6.4 means that milk is a 
slightly acidic mixture. The concentration of 
hydronium ions in milk must be slightly 
higher than in a neutral solution. Similarly, 
blood, with a pH of 7.4, is a slightly basic solu-
tion. The hydroxide ion concentration in blood 
must be slightly greater than it is at pH 7.

Figure 21 Hydronium ions and hydroxide 
ions are present in any water solution. As one 
ion increases, the other decreases.

Infer At what pH are the two concentrations equal?

Figure 22 The pH scale is related to the con-
centration of hydronium ions. As the numbers 
on the scale increase, the concentration of 
H3O� decreases.
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Comparing pH Values 
Maybe you’re wondering what the numbers on the pH scale 

mean. How is the concentration of hydronium ions different at 
pH 1 from what it is at pH 2? A change in one pH unit represents 
a tenfold change in the acidity or basicity of a solution. For exam-
ple, if one solution has a pH of 1 and a second solution has a pH of 
2, the first solution is not twice as acidic as the first. It is ten times 
more acidic. To determine the difference in acidity or basicity, use 
the following calculations. Each pH unit represents a power of 10. 
pH 1 is represented by 101, and pH 2 is represented by 102. The 
difference in acidity or basicity between two solutions is repre-
sented by 10n, where n is the difference between two pH values. 
For example, how much more acidic is a solution with a pH of 
1 than a solution with a pH of 2? pH 2 � pH 1 � 1; 10n � 101 � 
10 times more acidic.

 
How much more acidic is a solution with a pH of 1 
than a solution with a pH of 3?

Figure 23 compares the pH values of orange juice and vinegar. 
Orange juice has a pH of 5, and vinegar has a pH of about 3. The 
difference between the two values is two pH units. How many 
times more acidic is vinegar compared to orange juice? 10n � 102 
� 100. Vinegar is 100 times more acidic than orange juice. 
Figure 23 shows that NaOH and detergent differ by four pH 
units. Sodium hydroxide is 104, or 10,000, times more basic than 
detergent.

Figure 23 Vinegar and orange juice differ by two units, so vinegar 
is 100 times more acidic than orange juice. Sodium hydroxide is 
10,000 times more basic than detergent.

pH difference = 2 pH difference = 4

����������	
����������������������	����
�������������
���
�������	����	������	��������	��������������� ��	��	�




402 Chapter 9 • Acids and Bases in Solution

Neutralization and pH
How do antacids, such as milk of magnesia, relieve indigestion? 

Indigestion is caused by excess stomach acid, which is hydrochloric 
acid, HCl. Hydrochloric acid helps break down the food you eat, 
but too much of it can irritate your stomach or digestive tract. 
Milk of magnesia contains the base magnesium hydroxide, 
Mg(OH)2. Stomach acid reacts with magnesium hydroxide 
according to the following equation: 

2HCl � Mg(OH)2   � �    MgCl2 � 2H2O

This is a neutralization reaction. Recall that neutralization is a 
chemical reaction between an acid and a base that produces water 
and a salt. In the equation above, the salt is magnesium chloride, 
MgCl2. Neither of the products, magnesium chloride nor water, is 
acidic or basic. The resulting solution has a pH of 7, and so it is 
neutral.

 
What are the products of the reaction between 
magnesium hydroxide and hydrochloric acid?

Sometimes you need to know the amount of acids or bases in a 
solution. For example, you may want to determine the amount of 
acetic acid in vinegar. This can be done by using a process called 
titration (ti TRAY shun), in which a solution of known concentra-
tion is used to determine the concentration of another solution. 
Neutralization is used to find out how much acid is contained in 
an unknown solution. Slowly add a base with a known concentra-
tion to the unknown acid while measuring the mixture’s pH. 
When the pH equals 7, the acid is neutralized. The amount of base 
that was added is equal to the amount of acid originally present. 
Read on and find out how to measure pH.

How is pH measured? 
Providing a suitable environment for jellies is only one reason 

why knowing the pH of a solution is important. The pH of sham-
poo is balanced so that it does not damage hair. Acid levels in food 
are controlled for people with sensitive stomachs. Farmers and 
gardeners must measure and adjust the pH of the soil to grow cer-
tain plants. In Figure 24 a gardener is adding lime, Ca(OH)2 to 
raise the pH of acidic soil. The pH of swimming pools must be 
carefully controlled to prevent the growth of bacteria and algae. In 
all of these instances, indicators, pH strips, or pH meters are used 
to keep track of pH. 

 
Explain why knowing the pH of solutions is impor-
tant to humans and animals.

Figure 24 The hydroxide 
ion in lime, Ca(OH)2, neutral-
izes excess hydrogen ion in 
acidic or “sour” soil.
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Figure 25 Using indicators is one way to 
monitor the pH of this swimming pool. If the 
pH is too high or too low, the water could 
damage your skin or bacteria could grow.

Figure 26 A blue color indicates a 
pH of about 5 for bromcresol green.

Identify the pH of a solution if methyl red 
produces a yellow color.
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Indicators
You may have seen someone use indicators to test the pH of 

swimming pool water, as shown in Figure 25. An indicator is a 
compound that changes from one color to another within a partic-
ular pH range. Figure 26 shows the color changes for some com-
mon indicators. Notice that the pH ranges for the color change are 
different for each indicator. If you choose the correct indicator, 
you can determine the approximate pH of any solution. The uni-
versal indicator at the bottom of Figure 26 is a mixture of a num-
ber of indicators. The universal indicator changes color across 
most of the pH range. When the indicator is added to an acidic or 
a basic solution, the solution changes color. The color can be 
matched to standard colors. Figure 26 shows that a yellow color 
means that the solution has a pH of about 6.

ACADEMIC VOCABULARY
approximate
(adjective) nearly correct or 
exact 
She did a quick mental calcula-
tion and came up with an 
approximate answer. 
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Figure 28 A pH meter measures 
pH to the hundredths of a pH unit.

State the pH of vinegar and the pH of 
milk of magnesia.
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pH Strips
You have probably used litmus paper to test for 

acids and bases. Litmus is one of the simplest 
indicator test papers, but provides the least infor-
mation. Recall that blue litmus paper turns red 
in acid solutions. Red litmus paper turns blue in 
basic solutions. No change in color occurs if the 
solution is neutral. Other pH test strips provide 
the approximate pH of the solution. These strips 
contain a universal indicator that can change to a 
variety of colors across the pH range. When you 
dip the strip into a solution, the strip changes 
color. You then match the new color of the strip 
to one of the standard colors. Notice in Figure 27 
that each standard color corresponds to a differ-
ent pH value.

pH Meters
pH strips are quick and convenient to use. 

However, if you want an accurate measure of 
pH, you need a pH meter. A pH meter is an 
electronic instrument with an electrode that is 
sensitive to the hydronium ions in a solution. 
Figure 28 shows that you can measure the exact 
pH of a solution quickly and accurately. 

Because it is an electronic instrument, a pH 
meter requires a power supply. Handheld pH 
meters have been developed with portable power 
supplies such as batteries. These can be taken 
outside the laboratory for measuring pH in the 
environment. People can monitor changes in the 
environment by using a handheld meter to study 
the pH of the water in lakes, streams, and the 
ocean.

Figure 27 pH testing strips are a quick 
way of determining the approximate pH of 
a solution.
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LESSON 2 Review
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What do you know about acids 
and bases?

Acids and bases are identified by the ions that form in their 
aqueous solutions. Acids form hydronium ions, H3O�, and bases 
produce hydroxide ions, OH�. The reaction that occurs between 
any acid and any base is called neutralization. In neutralization 
reactions, an acid and a base react to form a neutral solution of 
salt and water. The pH of a solution is a measure of the hydronium 
ion concentration. pH 7 is at the center of the pH scale, neither 
acidic nor basic. If a solution has a pH less than 7, the solution is 
acidic. Any solution with a pH greater than 7 is basic.

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you design a 
study web.

1. Write the lesson title, 
number, and page num-
bers at the top of a sheet 
of paper. 

2. Scan the lesson to find 
the red main headings.

3. Organize these headings 
clockwise on branches 
around the lesson title.

4. Review the information 
under each red heading 
to design a branch for 
each blue subheading.

5. List 2–3 details, key terms, 
and definitions from each 
blue subheading on 
branches extending 
from the main heading 
branches.

ca8.msscience.com

Standards Check

Using Vocabulary

1. How does a hydronium ion 
differ from a hydroxide 
ion? 5.e

2. Write a definition of pH using 
your own words. 5.e

Understanding Main Ideas

3. Identify the pH ranges of 
acidic solutions and basic solu-
tions. 5.e

4. Describe how an indicator 
works.  5.e

5. Compare the concentrations 
of hydronium ions and hydrox-
ide ions in a neutral solution.  
5.e

6. Summarize Information 
 Copy the graphic organizer 
below and fill in the properties 
of acids and bases. 5.e

7. Draw a diagram that shows 
how the concentration of 
hydronium ions in a solution 
changes as pH increases from 
0 to 14.  5.e

Applying Science

8. Hypothesize how the pH 
of white vinegar would change 
if an ammonia solution was 
added to it a drop 
at a time. White vinegar has 
a pH of 3.1. 5.e

9. Identify which is a property 
of an acid. 

A. turns litmus red

B. has a bitter taste

C. has a pH of 10

D. reacts with acids 5.e

Acids and Bases
 

ca8.msscience.com 

ELA8: R 2.3
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Scientists use different methods to measure pH. Some methods 
are more accurate than others.

Procedure 
1. Read and complete a lab safety form.

2. Choose three common household solutions.

3. Create a table such as the one below to record the following 
data: acid or base, predicted pH, measured pH.

4. Use litmus paper to determine whether each solution is an 
acid or a base. Predict the pH.

5. Use one of the methods demonstrated by your teacher to 
determine the pH of your solutions.

6. Create a class data table.

Analysis 
1. Compare  your predicted pH values to your measured pH val-

ues. How well did you predict the pH values? Were you sur-
prised by any of your results?

2. Evaluate  the different methods used to measure pH. Which 
do you think is most accurate? Which is most readily available?

How can you 
determine pH?

Data Table

Solution Litmus Paper
Acid or Base

Predicted 
pH

Measured 
pH

Method 
Used

1

2

3

 
Science Content Standards

5.e  Students know how to determine whether a solution is acidic, basic, or neutral.
9.b  Evaluate the accuracy and reproducibility of data.



Comparing pH Values
Recall that each pH unit represents a power of 10 change in the acid-
ity of a solution. Recall also that as the pH of a solution decreases, 
the solution becomes more acidic. To compare the acidity of two 
solutions, find the difference between their pH values, n, and then 
use n as the exponent of 10. Use the table below to determine the 
decimal forms for powers of 10.

Example
If a solution of acid has a pH of 1 and a solution of coffee has a pH of 
5, find the difference in acidity.

To solve, first find the difference between n � 5 – 1 or 4
 the pH values of the two solutions. 

Let n � difference of the pH values of the two solutions.

Then use n as the exponent of 10. 10n � 104 � 10,000

Answer: The acid is 10,000 times more acidic than the coffee.

Practice Problems
1. Find the difference in acidity between a solution of rainwater 

that has a pH of 6 and seawater that has a pH of 8. 

2. If tomato juice is 1,000,000 times more acidic than a solution 
of household bleach, what is the difference in pH?

Difference in pH Power of 10 Decimal Form
1 101 10

2 102 100

3 103 1000

4 104 10,000

5 105 100,000

6 106 1,000,000

5.e

MA8: ALG 2.0

Science nline
For more math practice, 
visit Math Practice at 
ca8.msscience.com.
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Problem
How does the amount of sugar you can dissolve in lemonade 
compare with the amount that will dissolve in pure water? Does 
pH have any effect on how sweet you can make lemonade? 

Form a Hypothesis

 Review  the results from this chapter’s laboratory investiga-
tions. What effect do you think changing the pH has on the 
solubility of a solute at room temperature? Will the effect be 
the same on any solute?

 Predict  how pH will affect the dissolving of substances.

Collect Data and Make Observations
Create a Standard for Comparison
1. Read and complete a lab safety form.
2. Measure 5-g samples of your solute.
3. Begin your exploration using distilled water as your solvent. 

Measure and record the pH of distilled water.
4. Add your solute 5 g at a time, stirring constantly, until the sol-

ute begins to collect on bottom of the container. Record the 
amount of solute added.

Test Other Solvents
5. Decide whether to investigate basic or acidic solutions. 

Choose three of the solvents provided by your teacher. 
Measure and record the pH of each solvent.

6. Repeat step 4 for each solvent.

Solubility and pH

Safety Precautions 

WARNING: Do not drink, 
taste, or eat materials 
used in the lab.

Materials
table salt, sugar,
 cornstarch
solvents of varying pH
distilled water
beaker
balance
pH paper

  Science Content 
Standards

5.e Students know how to determine 
whether a solution is acidic, basic, or 
neutral.
9.a Plan and conduct a scientific 

investigation to test a hypothesis.
9.e Construct appropriate graphs from 

data and develop quantitative statements 
about the relationships between variables.
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Analyze and Conclude
Interpret Your Data
1. Make a table  to organize your data.
2. Graph  the results of your experiment.
3. Describe  how altering the pH changed the amount of solute 

that could be dissolved.

Draw Conclusions
4. Infer  from your results what would have happened if you 

had used solutions with different pH values.
5. Assess  the prediction you made earlier. Were you correct?
6. Error Assessment Was any part of your experimental 

procedure subjective? How could it have affected your 
outcome? How accurate do you think the masses of dis-
solved solute in your table are?

Communicate

Write a Report Write a 100–300-word report on 
your results to share with your class. Did other 
students choose the same solute? What were their 
results? How do these compare with yours?

ELA8: W 2.3
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Yuan T. Lee was born in Taiwan. He graduated from 
the University of California–Berkeley and later 
became a professor there. In 1986, he, along with 
Dudley R. Herschbach and John C. Polanyi, won the 
Nobel Prize in Chemistry. Their work involved 
studying molecules at low pressures to see how 
they reacted with each other. It helped people to 
understand how chemical reactions occurred. 

Yuan T. Lee

Acid Rain Prevention
Acid rain occurs when gases such as sulfur dioxide 
and nitrogen oxide react with water and oxygen in 
the atmosphere. Sulfur dioxide and nitrogen oxide 
usually come from power plant pollution and can 
be harmful to plants and animals. Today, many 
power plants use new technology to remove sulfur 
from their gas emissions, including using limestone 
to convert sulfur dioxide to carbon dioxide. 

Visit TechnologyTechnology at ca8.msscience.com for 
more information about air pollutants. Create 
a graph about air pollutants that includes the 
amount of air pollutants in the atmosphere over 
the past five years.

Visit CareersCareers at ca8.msscience.com to 
research the requirements to become a chem-
ist. Write a 500–700-word essay about a career 
as a chemist. Include educational background, 
job description, and other interesting facts.

ELA8: 2.3

http://ca8.msscience.com
http://ca8.msscience.com
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Gilbert N. Lewis
Gilbert N. Lewis, a famous American physical chemist, 
was born in 1875. Lewis was the dean of the College of 
Chemistry at the University of California–Berkeley. In 
1923, he came up with the electron-pair theory, a way 
of describing acids and bases. A Lewis acid is called an 
electron-pair acceptor and a Lewis base is called an 
electron-pair donator.

Acetylsalicylic Acid
Acetylsalicylic acid is a drug known to relieve many symptoms 
including pain, fever, arthritis, headaches, and migraines. It is an 
anti-coagulant/blood thinner and, in high doses, can be used to 
stop heart attacks. As its name suggests, acetylsalicylic acid is very 
acidic and has a very low pH. This drug is widely used in the United 
States and most people have it in their homes. 

Visit HistoryHistory at ca8.msscience.com to research 
more information about this American scientist. Write 
a 500–700-word biography about the life and 
scientific achievements of Gilbert N. Lewis. 

ELA8: W 2.1

Visit SocietySociety at ca8.msscience.com to research the physical 
properties of acetylsalicylic acid. Write 200–300 words on the 
side effects of acetylsalicylic acid.

(t)Lawrence Berkley National Laboratory/SPL/Photo Researchers, (b)Aaron Haupt

http://ca8.msscience.com
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CHAPTER

Interactive Tutor 

 Aqueous solutions of acids and bases have characteristic properties and can 
be identified by their pH values.

ca8.msscience.com

Standards Study Guide

Lesson 1 Solutions

Most of the substances you encounter daily 
are solutions.
• Matter is composed of substances and mixtures.

• Mixtures have variable compositions and can be separated by means of 
physical properties or physical changes.

• Solutions are homogeneous mixtures.

• Water is found on Earth in all three states of matter and is essential to all 
living organisms. 

• The polar nature of the water molecule and its bent shape are responsible 
for water’s unique properties. 

• Water forms aqueous solutions by dissolving ionic compounds and polar 
molecules. 

• Solutions that contain ions can conduct an electric current.

• heterogeneous mixture  (p. 382)
• homogeneous mixture  (p. 383)
• mixture  (p. 382) 
• solute  (p. 384)
• solution  (p. 383)
• solvent  (p. 384)
• substance  (p. 381)

Lesson 2 Acidic, Basic, and Neutral Solutions

The pH scale measures the acidity of a solution.
• Acidic solutions taste sour, neutralize bases, react with metals and 

calcium carbonate, and turn blue litmus paper red. 

• Basic solutions taste bitter, feel slippery, neutralize acids, and turn red 
litmus paper blue.

• Acids release hydrogen ions in aqueous solutions, forming hydronium 
ions, H3O�.

• Bases form hydroxide ions, OH�, in aqueous solutions.

• The pH scale ranges from below 0 to above 14 and is used to measure 
the acidity of a solution. 

• The pH of a neutral solution is 7.

• Acidic solutions have pH values less than 7. Basic solutions have pH 
values greater than 7.

• The approximate pH of a solution can be determined using indicators and 
pH test strips. 

• pH meters can measure the exact pH of a solution.

• acid  (p. 395)
• base  (p. 396)
• hydronium ion  (p. 396)
• indicator  (p. 403)
• pH  (p. 399)
• pH meter  (p. 404)

5.e, 9.a, 9.b, 9.e

Download quizzes, key 
terms, and flash cards from 
ca8.msscience.com.

7.c, 9.e

http://ca8.msscience.com
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Using Vocabulary
Describe the relationship between each pair 
of terms.

 8. solute and solvent

 9. mixture and solution

10. heterogeneous mixture and homo-geneous 
mixture

11. acid and base

12. hydronium ion and pH

Match the correct vocabulary term to each defini-
tion below.

13. a form of matter that has the same composition 
and properties throughout the sample

14. a compound that changes from one color to 
another within a particular pH range

15. an electronic instrument with an electrode that is 
sensitive to the hydronium ions in a solution

Matter

can be a

4. 

solvent

substance 1. 

which can be a(n)

element 2. 

which can be a

homogeneous 
mixture

3. 

can be a

5. 

can be

acids 6. 

made up of

which produce which produce

7. hydroxide
ions

Linking Vocabulary and Main Ideas
Use vocabulary terms from page 412 to complete this concept map.

Standards Review

Visit ca8.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

http://ca8.msscience.com
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Standards Review 

Standards Review

ca8.msscience.com

Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

1. Which is a solution?
A. pure water
B. raisin cookie dough
C. copper
D. vinegar   7.c

2. The graph below is a solubility curve for 
sodium chloride, NaCl.

  What mass of NaCl is needed to form a saturated 
solution at 80°C?
A. 30 g
B. 35 g
C. 40 g
D. 80 g   7.c

3. The pH of apricots is 4.5. What color would lit-
mus paper turn if a drop of apricot juice were 
placed on it? 
A. red
B. blue
C. purple
D. yellow   5.e

4. What substance could you use to neutralize a 
solution with a pH of 1.5?
A. milk
B. vinegar
C. ammonia
D. water   5.e

5. The figure below illustrates reaction of water 
molecules.

  What process is shown in the diagram?
A. the formation of a hydroxide ion
B. the formation of a hydronium ion
C. neutralization
D. saturation   5.e

6. What ions must be present in the greatest 
amount in a solution with a pH of 8.5?
A. hydrogen ions
B. oxygen ions 
C. hydronium ions
D. hydroxide ions   5.e

7. Which best describes a solution that has dis-
solved all the solute it can hold?
A. It is a saturated solution.
B. It is an unsaturated solution.
C. It is a concentrated solution.
D. It is a dilute solution.  7.c

8. Which is NOT a property of a base?
A. turns red litmus blue
B. is slippery to feel and bitter to taste
C. reacts with metals to produce hydrogen
D. is an electrolyte   5.e

9. Which chemical formula describes a hydronium 
ion?
A. H3O+

B. OH−

C. H3O−

D. OH+   5.e

http://ca8.msscience.com
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Applying Science
10. Make use of what you know about the concen-

trations of hydronium ions and hydroxide ions 
in a solution having a pH of 7 and explain why 
the solution is neutral. 5.e

11. Explain why an indicator might not change 
color when it is placed in an acidic or a basic 
solution. 5.e

12. Design an experiment that will allow you to 
separate a mixture of sugar and sand. 7.c

13. Draw a conclusion from the graph below about 
why soft drinks, which contain dissolved carbon 
dioxide, quickly go flat as they warm up to room 
temperature. 7.c

14. Predict Geologists have measured the pH of 
the water in Mono Lake to be 9.8. What will 
happen to the pH as water evaporates from the 
lake? 5.e

15. Design and write a paragraph for an informa-
tional sign that could be placed at Mono Lake to 
explain to visitors how and why tufas form.

Cumulative Review
16. Demonstrate how to balance the equation for 

the neutralization of sulfuric acid with the base 
sodium hydroxide:
H2SO4 + NaOH   � �    Na2SO4 + H2O 5.b

17. Classify bases as being usually ionic compounds 
or usually covalent compounds and give evidence 
for your answer. 7.c

18. Decide whether neutralization is a chemical 
change. 5.e

Applying Math

Use the table below to answer questions 19–21.

    

Difference 
in pH

Power of 
10

Decimal 
Form

1 101 10

2 102 100

3 103 1000

4 104 10,000

5 105 100,000

6 106 1,000,000

19. Find the difference in acidity between apple 
juice that has a pH of 3 and lemon juice that 
has a pH of 2. MA8: ALG 2.0

20. If tomato juice has a pH of 4 and white bread 
has a pH of 6, find the difference in acidity.   
 MA8: ALG 2.0

21. Find the difference in acidity between normal 
rain that has a pH of 5.7 and acid rain that 
has a pH of 5.2. MA8: ALG 2.0
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 1  What is the symbol for the hydroxide ion?

A H3O+

B OH_

C H2O

D H2O2  5.e

 2  The image below shows a mixture of sand and 
iron filings being separated. 

 What physical property is used to separate the 
sand and iron?

A density

B ductility

C magnetism

D malleability 7.c

 3  Which is a property of acidic solutions?

A They taste sour.

B They feel slippery.

C They are in many cleaning products.

D They taste bitter. 5.e

 4  When iodine is dissolved in alcohol, what term 
is used to describe the alcohol? 

A alloy 

B solvent 

C mixture 

D solute 7.c

Use the graph below to answer questions 5 and 6.

 5  How does the solubility of sucrose change as the 
temperature increases?

A It increases.

B It does not change.

C It decreases.

D It f luctuates randomly. 7.c

 6  Which statement is TRUE?

A Potassium chloride is more soluble in water 
than sucrose.

B As water temperature increases, the solubility 
of potassium chloride decreases.

C Sucrose is more soluble in water than potas-
sium chloride.

D Water temperature has no effect on the solu-
bility of these two chemicals. 7.c

�����������	
���������������
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7  Which type of molecule is water?

A polar 

B ionic 

C nonpolar 

D precipitate 7.c

8  A change of what property permits certain 
materials to act as indicators?

A acidity 

B color 

C concentration 

D basicity 5.e

Use the illustration below to answer questions 9 and 10.

9  What indicator can be used at a pH of 7?

A bromophenol blue 

B bromocresol green

C bromocresol purple 

D phenol Red D 5.e

10  What indicators could be used to produce a 
color change at both pH 2 and pH 8?

A cresol red and thymol blue

B universal indicator and alizarin

C thymol blue and bromophenol blue

D phenol red and bromocresol green A 5.e

11  What characteristic do aqueous solutions share?

A They contain more than three solutes.

B No solids or gases are present as solutes in 
them.

C All are extremely concentrated.

D Water is the solvent in them. 7.c

12  Which is the symbol for a hydronium ion?

A  H+

B  H3O+

C  H3O–

D  OH– 5.e

13  A solution is prepared by adding 100 g of solid 
sodium hydroxide, NaOH, to 1,000 mL of water. 
What is the solid NaOH called?

A solution 

B solute 

C solvent 

D mixture 7.c

14  The reaction between an acidic and basic solu-
tion is called

A neutralization.

B saturated. 

C substance.

D mixture. 5.e
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