Section

4

4

Acids and Bases
in Solution

Acids and Bases in
Solution

Objectives
After this lesson, students will be able to
L.3.4.1 State what kinds of ions acids and
bases form in water.
L.3.4.2 Explain what pH tells you about a
solution.
L.3.4.3 Describe what happens in a
neutralization reaction.

Reading Preview

Target Reading Skill

Key Terms

Key Concepts
• What kinds of ions do acids and
bases form in water?

• What does pH tell you about a
solution?

• What happens in a neutralization
reaction?

Previewing Visuals Explain that looking at
the visuals before they read helps students
activate prior knowledge and predict what
they are about to read.
Answers
Sample questions and answers: Neutralization
What is a neutral solution? (A neutral
solution is one that has a pH close to 7.)
What is neutralization? (Neutralization is
a reaction between an acid and a base.)

• hydrogen ion (H+)
• hydroxide ion (OH−)
• pH scale • neutralization • salt

Target Reading Skill
Previewing Visuals When you
preview, you look ahead at the
material to be read. Preview
Figure 21. Then write two
questions that you have about the
diagram in a graphic organizer like
the one below. As you read, answer
your questions.

Teaching Resources

Neutralization

• Transparency L34

Q. What is a neutral solution?
A.
Q.

Preteach
Build Background
Knowledge

1. Using a dropper, put 5 drops of
red cabbage juice into each of
three separate plastic cups.
2. Add 10 drops of lemon juice (an acid) to one cup. Add
10 drops of ammonia cleaner (a base) to another. Keep
the third cup for comparison. Record the colors you see.
3. Now add ammonia, 1 drop at a time, to the cup containing
lemon juice. Keep adding ammonia until the color no longer
changes. Record all color changes you see.
4. Add lemon juice a drop at a time to the ammonia until the
color no longer changes. Record the changes you see.
Think It Over
Forming Operational Deﬁnitions Based on your observations,
what could you add to your deﬁnitions of acids and bases?

A chemist pours hydrochloric acid into a beaker. Then she
adds sodium hydroxide to the acid. The mixture looks the
same, but the beaker becomes warm. If she tested the solution
with litmus paper, what color would the paper turn? Would
you be surprised if it did not change color at all? If exactly the
right amounts and concentrations of the acid and the base
were mixed, the beaker would hold nothing but salt water!

Acids and Bases in Solution
How can two corrosive chemicals, an acid and a base, produce
something harmless to the touch? To answer this question, you
must know what happens to acids and bases in solution.

L2

Acid Solutions
Ask: What are the ingredients of lemonade?
(Sugar, water, lemon juice) Does all lemonade
taste the same? (No; it can be sweet or tart,
weak or strong, depending on the relative
amounts of the ingredients.) What would you
add to lemonade to make it more tart? (More
lemon juice) Explain that lemonade is a
solution of an acid in water. Tell students they
will learn about solutions of acids and also
solutions of bases in this section.

Skills Focus Forming operational
definitions
Materials dropper, red cabbage juice,
3 plastic cups, lemon juice, ammonia
cleaner
Time 15 minutes
Tips To make cabbage juice, steep red
cabbage leaves in hot water for 10 to

What Can Cabbage
Juice Tell You?

L1
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Acids What do acids have in common? Notice that each formula in the list of acids in Figure 17 begins with hydrogen. The
acids you will learn about in this section produce one or more
hydrogen ions and a negative ion in solution with water. A
hydrogen ion (H+) is an atom of hydrogen that has lost its
electron. The negative ion may be a nonmetal or a polyatomic
ion. Hydrogen ions are the key to the reaction of acids.

20 minutes until the water is deep red, and
then discard the leaves. In Steps 3 and 4,
lemon juice or ammonia should be added
until the solution turns red or green.
Expected Outcome Cabbage juice will
look red in an acid and green in a base. It
may look light pink, purple, or blue in the
transition between these two colors.

Think It Over Acids make red cabbage
juice appear red. Bases turn red cabbage
juice green.

Important Acids and Bases
Base

Formula

FIGURE 17
The table lists some commonly
encountered acids and bases.
Making Generalizations What do
all of the acid formulas in the
table have in common?

Instruct

Acid

Formula

Hydrochloric acid

HCl

Sodium hydroxide

NaOH

Nitric acid

HNO3

Potassium hydroxide

KOH

Sulfuric acid

H2SO4

Calcium hydroxide

Ca(OH)2

Carbonic acid

H2CO3

Aluminum hydroxide

Al(OH)3

Teach Key Concepts

Acetic acid

HC2H3O2

Ammonia

NH3

Phosphoric acid

H3PO4

Calcium oxide

CaO

Acids, Bases, and Ions
Focus Guide students in understanding
how acids and bases produce ions in water.
Teach Read the boldface sentences on this
page describing acids and bases. Remind
students that ions are atoms or groups of
atoms that have become electrically charged.
Then, have students inspect the formulas for
acids and bases in Figure 17. Point out that
all the acids contain hydrogen. Ask: What do
all the bases—except ammonia and calcium
oxide—contain? (OH). Explain that when
an acid dissolves in water, positive hydrogen
ions (H+) are produced, and when a base
dissolves in water, negative hydroxide ions
(OH−) are produced. Have students look at
the equation for ammonia at the bottom of
the page. Ask: What does ammonia produce
when it dissolves in water? (Hydroxide ions)
Apply Ask: What do you think explains the
properties of acids? (Hydrogen ions) Of
bases? (Hydroxide ions) learning modality:

Acids in water solution separate into hydrogen ions (H+)
and negative ions. In the case of hydrochloric acid, for example, hydrogen ions and chloride ions form:
water

HCl

———➔

H +  Cl –

Now you can add to the definition of acids you learned in
Section 3. An acid is any substance that produces hydrogen
ions (H+) in water. These hydrogen ions cause the properties
of acids. For instance, when you add certain metals to an acid,
hydrogen ions interact with the metal atoms. One product of
the reaction is hydrogen gas (H2). Hydrogen ions also react
with blue litmus paper, turning it red. That’s why every acid
gives the same litmus test result.
Bases The formulas of bases give you clues to what ions they

have in common. You can see in the table in Figure 17 that
many bases are made of positive ions combined with hydroxide
ions. The hydroxide ion (OH–) is a negative ion, made of oxygen and hydrogen. When bases dissolve in water, the positive
ions and hydroxide ions separate. Look, for example, at what
happens to sodium hydroxide:
water
NaOH

———➔

Teaching Resources

Na+  OH –

———➔

L2

verbal

• Transparency L35

Not every base contains hydroxide ions. For example, the
gas ammonia (NH3) does not. But in solution, ammonia is a
base that reacts with water to form hydroxide ions.
NH 3  H 2 O

Acids and Bases
in Solution

For: More on pH scale
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NH 4 +  OH –

Notice that in both reactions, there are negative hydroxide
ions. A base is any substance that produces hydroxide ions
(OH−) in water. Hydroxide ions are responsible for the bitter
taste and slippery feel of bases, and turn red litmus paper blue.

FIGURE 18
Comparing Bases
Many bases are made of
positive ions combined with
hydroxide ions.

Students can review the pH scale in an online
interactivity.

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
Acids and Bases in Solution

Differentiated Instruction
L1
Less Proficient Readers
Developing Vocabulary Students may
confuse hydrogen ions and hydroxide ions
because the two terms look similar. Explain
that hydro- in hydroxide refers to hydrogen
and -oxide refers to oxygen. Emphasize this
point by relating the two parts of the term
hydroxide to the symbol for the hydroxide
ion, OH−. learning modality: verbal

Student Edition on Audio CD
L3
Gifted and Talented
Writing Chemical Equations Challenge
students to write a balanced chemical
equation to show what is produced when
calcium oxide dissolves in water. (CaO +
H2O → Ca+ + 2 OH−) learning

modality: logical/mathematical

Monitor Progress

L2

Writing Have students explain what causes
the properties of acids and what causes the
properties of bases.
Answer
Figure 17 All of the acid formulas start with
hydrogen.

Strength of Acids
and Bases
Teach Key Concepts

Weak Acid

Strong Acid

L2

Ions in Water
Focus Guide students in recognizing what
determines the strength of acids and bases.
Teach Call students’ attention to Figure 19.
Ask: Which acid shown in the figure,
hydrogen chloride or acetic acid, produces
more ions in water? (Hydrogen chloride)
Which acid is stronger? (Hydrogen chloride)
Remind students that an acid’s properties are
determined by hydrogen ions. Then, ask:
What do you think determines the strength
of an acid? (Sample answers: How well it
produces hydrogen ions in water, or how many
hydrogen ions it produces) Remind students
that the properties of a base are determined
by hydroxide ions. Then, say that the base
ammonia produces fewer hydroxide ions in
water than does the base sodium hydroxide.
Ask: Which base do you think is a stronger
base, ammonia or sodium hydroxide? Why?
(Sodium hydroxide, because it produces more
hydroxide ions)
Apply Encourage students to state in a
single sentence what determines the strength
of acids and bases. (Sample answer: The
strength of acids and bases is determined by
how well they produce ions in water.) learning
modality: verbal

Teaching Resources

• Transparency L36

Help Students Read
Building Vocabulary: Word Origins The
term pH may be confusing. Students
generally do not know what the letters stand
for or why the letter H is capitalized. Explain
that the letter p in pH refers to the power
(exponent) used in measuring ion
concentrations. The letter H refers to
hydrogen. Because it is the symbol for an
element, H is always capitalized. Thus, pH
literally means power of hydrogen. It refers
to the hydrogen ion concentration in a
solution. Lower numbers represent greater
concentrations, that is, greater acidity.

Key
Chloride ion (Cl–)
Hydrogen ion (H+)
Acetic acid (HC2H3O2)
Acetate ion (C2H3O2–)

In a solution of a
strong acid, all the
acid molecules
break up into ions.

pHone Home
1.

Select materials
such as fruit
juices, soda water, coffee,
tea, and antacids. If the
sample is solid, dissolve
some in a cup of water.
Use a liquid as is.
2. Predict which materials are
most acidic or most basic.
3. Using a plastic dropper,
transfer a drop of one
sample onto a fresh strip
of pH test paper.
4. Compare the color of the
strip to the pH test scale
on the package.
5. Repeat for all your
samples, rinsing the
dropper between tests.
Interpreting Data List the
samples from lowest to
highest pH. Did any results
surprise you?

In a solution of a
weak acid, fewer
molecules break up
into ions.

FIGURE 19
Acids in Solution
Strong acids and weak acids act differently in
water. Hydrocloric acid (left) is a strong acid.
Acetic acid (right) is a weak acid.

Strength of Acids and Bases
Acids and bases may be strong or weak. Strength refers to how
well an acid or a base produces ions in water. As shown in
Figure 19, the molecules of a strong acid react to form ions in
solution. With a weak acid, very few molecules form ions. At
the same concentration, a strong acid produces more hydrogen
ions (H+) than a weak acid does. Examples of strong acids
include hydrochloric acid, sulfuric acid, and nitric acid. Most
other acids, such as acetic acid, are weak acids.
Strong bases react in a water solution in a similar way to
strong acids. A strong base produces more hydroxide (OH−)
ions than does an equal concentration of a weak base. Ammonia is a weak base. Lye, or sodium hydroxide, is a strong base.
Measuring pH Knowing the concentration of hydrogen
ions is the key to knowing how acidic or basic a solution is. To
describe the concentration of ions, chemists use a numeric
scale called pH. The pH scale is a range of values from 0 to 14.
It expresses the concentration of hydrogen ions in a solution.

L2
Skills Focus Interpreting data
Materials red and blue litmus paper,
plastic dropper, plastic cup, orange juice,
soda water, coffee, antacid, tea
Time 15 minutes
Tip Tell students that, in addition to
strength of an acid or base, concentration
of the acid or base in solution will affect
its pH.

Expected Outcome Sample ranking of
substances from lowest to highest pH:
orange juice, coffee/tea, soda water,
antacid. Students may be surprised by the
high acidity of some foods.
Extend Have students predict and test
whether soft drinks are basic or acidic.
learning modality: visual

Figure 20 shows where some familiar substances fit on
the pH scale. Notice that the most acidic substances are at
the low end of the scale. The most basic substances are at
the high end of the scale. You need to remember two
important points about pH. A low pH tells you that the
concentration of hydrogen ions is high. In contrast, a
high pH tells you that the concentration of hydrogen
ions is low. If you keep these ideas in mind, you can make
sense of how the scale works.
You can find the pH of a solution by using indicators.
The student in Figure 20 is using indicator paper that
turns a different color for each pH value. Matching the
color of the paper with the colors on the test scale tells
how acidic or basic the solution is. A pH lower than 7 is
acidic. A pH higher than 7 is basic. If the pH is 7, the solution is neutral. That means it’s neither an acid nor a base.
Pure water has a pH of 7.

Most acidic

0
Hydrochloric
acid

1
2

Vinegar

Lemon

3
4

Tomato

5
6
Milk

Banana

7

Using Acids and Bases Safely Strength determines,

in part, how safe acids and bases are to use. People often
say that a solution is weak when they mean it is dilute.
This could be a dangerous mistake! Even a dilute solution
of hydrochloric acid can eat a hole in your clothing. An
equal concentration of acetic acid, however, will not. In
order to handle acids and bases safely, you need to know
both their pH and their concentration.

Apple

Water
Blood

8
9

Baking
soda

10
Soap

Use Visuals: Figure 20

L2

The pH Scale
Focus Guide students in learning how to
read and interpret the pH scale.
Teach Have students study the pH scale in
Figure 20. Point out how the values go from
0, which is most acidic, to 14, which is most
basic. Ask: What value indicates a neutral
substance? (7) Based on the results shown
in the photo, where would you expect to
find grapefruit juice on the pH scale?
(Grapefruit juice has a pH of about 3.) State
that each unit of the pH scale represents a
tenfold change in acidity. For example, an
acid with a pH value of 2 has one tenth the
acidity of an acid with a pH value of 1.
Apply Ask: How much more acidic is an
acid with a pH of 1 than an acid with a pH
of 3? (100 times more acidic) learning
modality: visual

Teaching Resources

• Transparency L37

11

How would a weak base differ from an
equal concentration of a strong base?

12

Ammonia

13
FIGURE 20
The pH Scale
The pH scale classiﬁes solutions as
acidic or basic. Indicator paper
turns a different color for each pH
value. Interpreting Diagrams If a
solution has a pH of 9, is it
acidic or basic?

14

Drain
cleaner

Most basic

Differentiated Instruction
L3
Gifted and Talented
Investigating pH Students can research
and add other common substances to the
pH scale in Figure 20. Ask students to share
their findings in an illustrated poster, based
on the figure. learning modality: logical/

mathematical

L1
Less Proficient Readers
Visualizing Ion Concentration Students
can use Figure 20 to visualize how pH
values are related to hydrogen ions. Have
students draw an inverted pyramid made
by extending each color bar horizontally.
The widest bar is pH=0, and the narrowest
bar is pH=14. As the values go up, the bars
get smaller, representing the fall in
hydrogen ion concentration. learning

modality: visual

Monitor Progress

L2

Drawing Have students draw a simple pH
scale showing the pH of neutral substances
and the ranges of pH for acids and bases.
Answers
Figure 20 Basic
The weak base would
produce fewer hydroxide
ions.

Acid-Base Reactions
Teach Key Concepts

L2

Neutralization
Focus Define and discuss neutralization.
Teach Tell students that neutralization is a
reaction between an acid and a base. Add
that the reaction produces a salt and water.
Ask: Why do you think the reaction is called
neutralization? (Sample answer: Because it
leads to a neutral product, salt water)
Apply Ask: Do you think the product
would be neutral if much more HCl than
NaOH were used in the reaction? Why or
why not? (No; there would be more H+ than
OH− ions in the resulting solution, so it would
be acidic.) learning modality: logical/
mathematical

Teaching Resources

• Transparency L38

Base

Acid

pH = 12

pH = 2

FIGURE 21

Neutralization
An acid-base mixture is not as
acidic or basic as the
individual starting solutions.
Applying Concepts What
factors affect the ﬁnal pH in a
neutralization reaction?

When mixed
together, acidic
and basic solutions
produce a more
neutral solution.

pH = 8

Help Students Read
Relating Cause and Effect Refer to the
Content Refresher in this chapter, which
provides guidelines for using the Relating
Cause and Effect strategy.
Help students understand how a reaction
between acids and bases can produce the
neutral substance water. Refer students to
the equation on this page. Remind them that
an equation always has reactants on the left
and products on the right. Ask: What are the
reactants in this neutralization reaction?
(HCl and NaOH) Tell students that HCl is a
very strong acid, and NaOH is a very strong
base. Ask: What makes HCl an acid?
(Hydrogen ions) Have students identify the
hydrogen ion in the equation. Repeat with
the hydroxide ion, which gives NaOH its
basic properties. Then, have students find
the hydrogen atoms and oxygen atoms on
the right side of the equation. Ask: In what
form are hydrogen and oxygen in the
product? (Water) Remind students that
water is neutral. Guide students in
generalizing, by asking: What causes the
neutralization of an acid and base? (Sample
answer: Hydrogen ions and hydroxide ions
are released and recombine as water.)

Acid-Base Reactions
The story at the start of this section describes a chemist who
mixed hydrochloric acid with sodium hydroxide. She got a
solution of table salt (sodium chloride) and water.
HCl  NaOH —➔ H 2 O  Na+  Cl –

If you tested the pH of the mixture, it would be close to 7,
or neutral. In fact, a reaction between an acid and a base is
called neutralization (noo truh lih ZAY shun).
Reactants After neutralization, an acid-base mixture is not
as acidic or basic as the individual starting solutions were.
Sometimes an acid-base reaction even results in a neutral solution. The final pH depends on such factors as the volumes,
concentrations, and identities of the reactants. For example,
some acids and bases react to form products that are not neutral. Also, common sense tells you that if only a small amount
of strong base is reacted with a much larger amount of strong
acid, the solution will remain acidic.

Products “Salt” may be the familiar name of the

stuff you sprinkle on food. But to a chemist, the
word refers to a specific group of compounds. A
salt is any ionic compound that can be made from
the neutralization of an acid with a base. A salt is
made from the positive ion of a base and the negative ion of an acid.
Look at the equation for the reaction of nitric
acid with potassium hydroxide:
HNO 3  KOH —➔ H 2 O  K+  NO 3–

One product of the reaction is water. The other
product is potassium nitrate (KNO3), a salt. In a
neutralization reaction, an acid reacts with a base
to produce a salt and water. Potassium nitrate is
written in the equation as separate K+ and NO3−
ions because it is soluble in water. Some salts, such
as potassium nitrate, are soluble. Others form precipitates because they are insoluble. Look at the
table in Figure 22 to see a list of some common
salts and their formulas.

Common Salts
Salt

Uses

Sodium chloride
NaCl

Food ﬂavoring; food
preservative

Potassium iodide
KI

Additive in “iodized”
salt that prevents
iodine deﬁciency

Calcium chloride
CaCl2

De-icer for roads
and walkways

Potassium chloride
KCl

Salt substitute in foods

Calcium carbonate
CaCO3

Found in limestone
and seashells

Ammonium nitrate
NH4NO3

Fertilizer; active
ingredient in cold packs

FIGURE 22
Each salt listed in this table can be
formed by the reaction between
an acid and a base.

What is a salt?

4

Section 4 Assessment

Target Reading Skill Previewing Visuals Refer
to your questions and answers about Figure 21 to
help you answer Question 3 below.
Reviewing Key Concepts
1. a. Identifying Which ion is found in the acids
described in this section?
b. Describing What kinds of ions do acids and
bases form in water?
c. Predicting What ions will the acid HNO3
form when dissolved in water?
2. a. Reviewing What does a substance’s pH
tell you?
b. Comparing and Contrasting If a solution has
a pH of 6, would the solution contain more or
fewer hydrogen ions (H+) than an equal
volume of solution with a pH of 3?
c. Making Generalizations Would a dilute
solution of HCl also be weak? Explain.

pH Lineup L2 Family members
might guess that some of the substances
at the lower end of the scale are acidic
and that some at the higher end are
basic. Students are expected to explain
that pH refers to how acidic or basic a
substance is and to describe the pH
scale. Advise students to use Figure 20 to
help them explain the pH scale.

Monitor Progress

Answers
Figure 21 The final pH is affected by the
volumes, concentrations, and identities of
the reactants.
A salt is any ionic compound
that can be made from the
neutralization of an acid with a base.

Assess
Reviewing Key Concepts
1. a. Hydrogen ion b. Acids form hydrogen
ions; bases form hydroxide ions. c. HNO3
will form H+ and NO3–.
2. a. How acidic or basic a solution is
b. Fewer c. No; it would still be a strong acid
because the concentration of H+ ions
remains high relative to the amount of HCl
in the solution.
3. a. An acid and a base b. An acid reacts
with a base to produce a salt and water.
c. HCl

Reteach
3. a. Reviewing What are the reactants of a neu-

tralization reaction?
b. Explaining What happens in a neutralization

reaction?
c. Problem Solving What acid reacts with KOH

to produce the salt KCl?

pH Lineup With a family member, search
your house and refrigerator for the items
found on the pH scale shown in Figure 20.
Line up what you are able to ﬁnd in order of
increasing pH. Then ask your family member
to guess why you ordered the substances in
this way. Use the lineup to explain what pH
means and how it is measured.

Keep Students on Track Tell students
to compare the results they obtained using
their own acid-base indicators with the
results they obtained using pH paper.
Suggest that they try to correlate the color
changes in their own indicators with the
numbers in the standard pH scale.

L2

L1

Call on students to use the key terms in
sentences.

Performance Assessment

L2

Writing Have students write a chemical
equation for the neutralization reaction
involving HCl and NaOH. (HCl +
NaOH → H2O + NaCl)
Teaching Resources

• Section Summary: Acids and Bases in
Solution
• Review and Reinforce: Acids and Bases in
Solution
• Enrich: Acids and Bases in Solution

The Antacid Test

L2

Prepare for Inquiry
Key Concept
The active ingredients in antacids are bases,
which neutralize stomach acid. Different
antacids neutralize different amounts of
acid. Students will experiment to see if some
antacids work better than others.
Skills Objective
After this lab, students will be able to
• design an experiment to determine which
antacids neutralize more acid
• measure the amount of different antacids
needed to neutralize a given amount of
acid
• interpret the data to decide which antacid
is most effective
Prep Time 60 minutes
Class Time 40 minutes

Advance Planning
• Obtain methyl orange solution, or prepare
the solution by dissolving 1 part (by mass)
methyl orange powder in 99 parts water to
give a 1% solution.
• Prepare 1.0 M HCl solution by carefully
adding 83 mL of concentrated HCl to
1,000 mL of water. CAUTION: Always add
acid to water, never the other way around.
• Purchase three different brands of liquid
antacids.
Safety
Hydrochloric acid is
corrosive. Students
must wear lab aprons and safety goggles at
all times to protect their clothing from the
acid and from staining by indicators. If
students get acid on their skin or clothes,
they should rinse the affected area
immediately with plenty of cool water and
inform you at the same time. Review the
safety guidelines in Appendix A.
Teaching Resources

• Lab Worksheet: The Antacid Test

The Antacid Test
Problem
Which antacid neutralizes stomach acid with the
smallest number of drops?

Skills Focus
designing experiments, interpreting data,
measuring

Materials
• 3 plastic droppers • small plastic cups
• dilute hydrochloric acid (HCl), 50 mL
• methyl orange solution, 1 mL
• liquid antacid, 30 mL of each brand tested

Procedure

5. Test each of the other antacids. Discard all
the solutions and cups as directed by your
teacher.

PART 2

PART 1
1. Using a plastic dropper, put 10 drops of
hydrochloric acid (HCl) into one cup.
CAUTION: HCl is corrosive. Rinse spills and
splashes immediately with water.
2. Use another plastic dropper to put 10 drops
of liquid antacid into another cup.
3. In your notebook, make a data table like the
one below. Record the colors of the HCl and
the antacid.

Data Table
Substance

4. Add 2 drops of methyl orange solution to
each cup. Record the colors you see.

Original
Color

Color With
Indicator

Hydrochloric
Acid
Antacid
Brand A
Antacid
Brand B

6. Methyl orange changes color at a pH of
about 4. Predict the color of the solution you
expect to see when an antacid is added to a
mixture of methyl orange and HCl.
7. Design a procedure for testing the reaction
of each antacid with HCl. Decide how many
drops of acid and methyl orange you need to
use each time.
8. Devise a plan for adding the antacid so that
you can detect when a change occurs. Decide
how much antacid to add each time and how
to mix the solutions to be sure the indicator
is giving accurate results.
9. Make a second data table to record your
observations.
10. Carry out your procedure and record your
results.
11. Discard the solutions and cups as directed
by your teacher. Rinse the plastic droppers
thoroughly.
12. Wash your hands thoroughly when done.

Guide Inquiry
Invitation
Urge students to think of ads for antacids.
Explain that antacids neutralize stomach
acids that cause heartburn and indigestion.
Ask: How could you compare the
effectiveness of different antacids? (Measure
how much of each antacid is needed to
neutralize a given amount of acid.)

Introduce the Procedure
Have students read the procedure.
Demonstrate how they will neutralize acid
and observe changes in pH. Pour 3–4 mL
of vinegar into a test tube. Add 2 drops of
methyl orange solution. Add soap solution
drop by drop until the solution changes from
red to yellow. Explain that the solution is
now neutral.

Expected Outcome
Methyl orange solution is red in acidic
solutions and yellow in neutral solutions.
Students should see a change from red to
yellow as the antacids are added to the
solutions. Different amounts of antacid may
be needed, depending on the brands of
antacids tested.

Analyze and Conclude
1. Designing Experiments What is the function
of the methyl orange solution?
2. Interpreting Data Do your observations support your predictions from Step 6? Explain
why or why not.
3. Inferring Why do you think antacids reduce
stomach acid? Explain your answer, using the
observations you made.
4. Controlling Variables Explain why it is
important to use the same number of drops
of HCl in each trial.
5. Measuring Which antacid neutralized the
HCl with the smallest number of drops?
Give a possible explanation for the
difference.
6. Calculating If you have the same
volume (number of drops) of each
antacid, which one can neutralize
the most acid?
7. Drawing Conclusions Did your
procedure give results from which
you could draw conclusions about
which brand of antacid was most
effective? Explain why or
why not.

Troubleshooting the Experiment
• Have students stir or shake the antacids
before dispensing them into cups.
• Advise students to add the antacids drop
by drop. After each drop, they should
gently swirl the cup and check for a color
change. When the color change remains
permanent for 15 seconds, they can record
the number of drops used.

8. Communicating Write a brochure that
explains to consumers what information they
need to know in order to decide which brand
of antacid is the best buy.

Design an Experiment
A company that sells a liquid antacid claims that
its product works faster than tablets to neutralize stomach acid. Design an experiment to compare how quickly liquid antacids and chewable
antacid tablets neutralize hydrochloric acid.
Obtain your teacher’s permission before carrying
out your investigation.

Analyze and Conclude
1. The methyl orange solution indicates
whether a solution is acidic or neutral.
2. Answers may vary depending on students’
predictions. If students predicted that methyl
orange would change from red to yellow
when antacid was added, then their
prediction is likely to be supported by their
observations.
3. Students might say that antacids are bases
that react with acids to neutralize stomach
acid.
4. The amount of acid must be controlled
so you will know that any differences in
resulting acidity must be due to the antacids.
5. Answers will vary depending on the
antacids tested. Students may say that the
antacid that neutralized the acid with the
fewest drops contained a stronger or more
concentrated base.
6. The antacid that neutralized HCl with the
fewest drops can neutralize the most acid.
7. If students found differences in the
number of drops of different antacids
needed to neutralize the acid, they might
conclude that the one that needed the fewest
drops was the most effective. However, some
students might say that antacids could work
differently in the body, making it hard to
draw conclusions about which was most
effective.
8. Students’ brochures might explain how
antacids neutralize the acid that causes
heartburn and indigestion. They also might
include a data table or graph showing the
results of their tests in order to show why
their brand is most effective.

Extend Inquiry
Design an Experiment Students can
compare a liquid antacid with a crushed
chewable antacid tablet, using a procedure
similar to the one in this lab. They will have
to time the color changes to determine
which form of antacid neutralizes acid faster.
The expected outcome is for the liquid
antacid to work faster.

