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1. What kind of acids are found inside the body? 

2. How are alkalis used in construction? 

3. Why is acid rain harmful? 

4.  Write to explain ways in 
which acids can be useful, and also explain 
some ways in which acids can be harmful. 
Give examples. 

5.  Compare and Contrast What are the 
similarities and differences between acids 
and bases in terms of their pH? 

What did you learn?Extended Vocabulary

acid
alkali
base
buffer
corrosive
indicator
salt

Vocabulary

compound
concentration
element
mixture
periodic table
solubility
solute
solution
solvent
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All matter is composed of  tiny particles called atoms. These 
particles are diffi cult to study because they are so small. Over the 
years scientists have used different models to describe the atom. 

Today we use the electron cloud model. At the center of  the 
electron cloud model sits the nucleus. It is composed of  protons 
and neutrons. The electron cloud surrounds the nucleus. It is 
composed of  electrons and a lot of  empty space.

Matter can be classifi ed as elements, compounds, or mixtures. 
An element is a substance composed of  only one type of  atom. 
It cannot be separated into simpler substances by physical or 
chemical means. There are fewer than one hundred different 
elements found in nature. 

Each element has a unique set of  properties. Elements are 
made unique by the number of  protons that they have. They can 
be classifi ed as metals, nonmetals, or metalloids. Every single 
element has a position on the periodic table. Each one can be 
identifi ed by its chemical symbol.

The periodic table lists the elements in order by atomic 
number. Elements with similar chemical properties are grouped 
together in different areas of  the table. 

The atoms of  two or more elements combine into 
molecules to make compounds. The properties of  compounds 
are different from the properties of  the elements that make them.  
Because atoms combine in exact ratios, every compound can be 
represented by a chemical formula.

A chemical formula has two parts: a set of  symbols of  the 
elements, and subscripts for the number of  atoms for each element. 
Water, for example, is represented by H

2
O. It means that a 

water molecule contains two atoms of  hydrogen and one atom 
of  oxygen.

What You Already Know
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Substances that form mixtures do not 
combine in exact ratios. The atoms are also 
not chemically combined. The substances 
in mixtures retain their own properties and 
can easily be separated. Some mixtures that 
appear the same throughout are called 
solutions. A solution forms when one 
substance dissolves into another, such as salt 
water. The solute is the substance that is 
dissolved—salt. The solvent is the substance 
in which the solute is dissolved—water. 

The maximum amount of  solute that 
can be dissolved in a solvent is its solubility. 
Solutions reach a saturation point at this 
maximum amount. All solutions reach 
saturation—the point at which no more 
solute can be dissolved into the solvent.

Compounds can be classifi ed as acids 
or bases. Acids and bases each have their 
own properties. There are strong and weak 
acids. There are also strong and weak bases. 
Scientists use the pH scale to measure the 
strength of  different acids and bases. Acids 
and bases are part of  our daily life.

Water is a compound. Its elements, 
oxygen and hydrogen, cannot be 
separated by physical means.
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What are acids?

Hydrochloric acid is a strong 
acid. It reacts violently with 
the metal zinc to produce 
hydrogen gas.

zinc

hydrochloric acid

Acids are one of  the most common types of  chemical 
substances. They are found in many different places. Acids have 
certain properties. They are sour in taste. Their liquid solutions 
conduct electrical current. Acids react with bases to form salts 
and water. They also react with some metals, including aluminum, 
zinc, iron, and copper. Acids react strongly with these metals to 
form new compounds. For example, when a hydrochloric acid 
solution is mixed with zinc metal, it produces hydrogen gas. 
This gas, which has the chemical symbol H

2
, is explosive.

14011_05-28_FSD.indd   414011_05-28_FSD.indd   4 5/25/2005   4:57:51 PM5/25/2005   4:57:51 PM

5

When sulfuric acid is added 
to sugar, they react to form 
carbon and water.

sugar

carbon

There are other physical properties that distinguish acids. 
Liquid acids tend to be thicker than water. While weaker acids 
such as orange juice and vinegar are common in our everyday 
foods, strong acids are corrosive. That means they can eat away at 
metals and minerals, and they will burn your skin if  you touch 
them. Very strong acids can even eat through metal sheets! 

Acids are everywhere. Milk, lemonade, and soda contain 
acids. Fruits such as oranges, lemons, and grapefruits have citric 
acids. There are also acids within your body. Your stomach has 
very strong acids. They are used to break down the foods you eat. 
Your body cells have weak acids that help keep you healthy. 
Amino acids help cells make many different 
things the body needs.

sulfuric acid

Fruits such as oranges, 
lemons, and limes have 
citric acids in them.
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Bases and Alkalis
Bases are one of  the most common types of  chemical 

substances. Bases have many industrial and household uses. 
They react with many common materials. Like acids, strong 
bases are also corrosive. They can corrode some metals to 
produce hydrogen gas and metal salts.

Many people think that alkalis and bases are the same 
thing. While it is true that alkalis and bases are related, 
they are different in one important way. An alkali 
is a base that can be dissolved in water. 

Both bases and alkalis have specifi c 
properties. Unlike acids that taste sour, bases 
and alkalis are bitter. They are slippery or 
soapy to the touch. Their liquid solutions 
conduct electric current. Bases react with 
acids to make neutral salts. Strong bases 
and alkalis can cause chemical burns. 

Alkalis such as soda ash (sodium 
carbonate) and caustic soda (sodium 
chlorite) are used in the production of  
many industrial products, including glass, 
paper, cleansers, soaps, and detergents. 

Bleach is a strong alkali. It is 
a common household cleaner.
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Many strong bases are found in household cleaners such 
as drain openers, bleach, and ammonia. These bases have 
grease-cutting properties. Soaps, shampoos, and baking soda 
contain weak bases. But strong bases and alkalis, such as 
ammonia, can corrode parts of  living things. They are corrosive 
to mold, mildew, hair, and even skin. Some can also be poisonous 
if  ingested. 

Bases are very common. Fresh eggs, cornstarch, and chalk 
contain bases. The blood in our bodies also contains a base.

Calcium carbonate is a base. It is commonly used as an 
antacid, to neutralize acids. Calcium carbonate is found in rocks 
all over the world. It is the main component of  seashells.

The brass cleaner shown here 
is a weak alkali. It is used to 
restore the shine on brass.

Calcium carbonate, 
a base, is the main 
component of seashells.

14011_05-28_FSD.indd   714011_05-28_FSD.indd   7 5/25/2005   4:58:20 PM5/25/2005   4:58:20 PM






8

Measuring pH Levels
Both acids and bases have different strengths. Scientists use 

the pH scale to describe the strengths of  acids and bases. The 
scale ranges from 0 to 14. Acids have a pH between 0 and 7. 
As their pH increases, their strength decreases. Bases have a pH 
between 7 and 14. The strength of  a base increases as its pH 
reaches closer to 14. A substance with a pH of  7 is neither an 
acid nor a base. It is a neutral substance.

Distilled water is neutral. Most other everyday liquids have 
a pH that is either a little below or a little above neutral. In a 
chemistry lab, you will fi nd solutions with a pH below 1 and 
others with a pH of  14.

The pH values of different liquids can 
be tested with universal indicator paper.

Universal Indicator Chart 

hydrochloric acid 
(pH 1)

0 strong acid

digestive juices
pH 1

lemon juice 
pH 3

vinegar (pH 4)

acid rain 
pH 5
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Chemical substances that are strongly acidic or strongly basic 
are very dangerous because they can burn through materials and 
your skin.

It is too dangerous to taste or touch substances that are acidic 
or basic. Because of  this, we use indicators to tell whether 
something is an acid or a base. Indicators are compounds that 
change color in the presence of  an acid or a base. Some indicators 
change to different colors if  they are mixed with an acid or a base. 
Other indicators will only change colors for an acid or a base, but 
not for both. 

Litmus paper is one of  the more popular indicators. It will 
change into different colors depending on the pH of  the liquid 
it is exposed to. When you dip yellow litmus paper in a neutral 
substance, there is no color change. A strong acid changes the paper 
to bright red-pink. A weak acid turns the paper orange. A weak 
base changes the litmus paper green. A strong base causes the paper 
to turn violet. The color spectrum of  the indicator chart is shown 
below, with examples of  common substances and their pH levels.

human blood
pH 7.4

oven cleaner
pH 13

distilled water 
(pH 7: neutral)

liquid soap
(pH 8–9) household cleaner

(pH 10)

14 strong base
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Neutralizing Acids

When chalk is put into vinegar, the vinegar 
breaks down the chalk. The reaction produces 
carbon dioxide gas. The chemical reaction 
continues until the entire piece of chalk is gone.

Neutralization of  acids and bases is a common process in 
nature. When an acid reacts with a base, both are neutralized. 
In many cases, salt and water are produced. A simple experiment 
can demonstrate this. Fill a glass jar with vinegar (acid). Put a 
piece of  chalk (base) in the vinegar. Observe as the acid and the 
base are neutralized.

When would you want to neutralize an acid or base? One 
example is when you want to decrease the acids in your stomach. 
The stomach has acids that help digest foods. Sometimes the 
stomach may produce too much acid. This will give you a burning 
pain in your stomach area. In order to neutralize these acids, you 
can take antacids, which contain bases.
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Neutralizing is important with wasp and bee stings. Wasp 
stings are alkaline. If  a wasp stings you, you should rub some 
vinegar on the area where you were stung. The vinegar’s acid will 
neutralize the sting. Bee stings are different than wasp stings. 
Instead of  being alkaline, they contain formic acid. You need to 
neutralize the acidic sting with a base. One way is to make a baking 
soda and water paste to apply to the area where you got stung.

There are times when we do not want to completely neutralize 
a substance. We may just want to maintain a specifi c pH and only 
neutralize the effects of  extra acidity. To do this we use buffers. 
A buffer is a substance that makes changing the pH of  a solution 
more diffi cult. We can fi nd many examples of  natural buffers of  
acids and bases. Soil, lakes, and streams sometimes contain natural 
buffers, such as limestone. The natural buffers help to decrease 
acid and base levels. Soils can degrade if  there is too much acid. 
Excess acid can harm plants and 
crops. Lakes and streams can suffer 
if  the pH level drops too much. 
Certain animals can die if  the waters 
are too acidic. For these reasons, 
neutralizing any changes in pH levels 
is important for the environment.

If there is too much acid in your stomach, 
you may feel some pain. An antacid 
neutralizes some of the extra acid.

A wasp’s sting is alkaline. An acid 
such as vinegar should be used to 
soothe the sting.

A bee’s sting is acidic. A base 
such as baking soda should be 
applied to the area of the sting.
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Salts
We are all familiar with the table salt that we use in our foods. 

Its chemical name is sodium chloride. Sodium chloride has the 
chemical symbol NaCl. There are many chemical compounds 
other than sodium chloride that can be classifi ed as salts.

Salts have certain properties. They break down in water, and 
salt solutions usually conduct electrical current. Salts may also 
react with water. 

A salt can be formed in a few ways. One method is for 
a chemical reaction to take place between an acid and a base. 
Another method is for a metal to react with a weak acid. 
Two salts can also react with one another to form two new 
salts. Finally, a salt may react with an acid to form a different 
salt and acid.

Salt pans collect seawater. After the 
seawater is collected, the water is 
evaporated and the salt crystals remain.
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Toothpaste has salt compounds and 
fl uoride. This combination creates a 
good polishing substance for teeth.

Soaps and detergents 
are used every day as 
cleaning agents. 

The pH of  a salt is not always 7. The pH level depends on 
the strengths of  the original acids and bases that formed the 
salt. When a strong acid reacts with a strong base, the resulting 
salt will have a pH of  7. If  a weak acid reacts with a strong base, 
the salt will be basic. When a strong acid reacts with a weak 
base, the salt will be acidic. 

Salts have many uses. Some salts are used to season and 
preserve foods. Others are used to manufacture soaps, 
detergents, and toothpaste. Salts are also used to make glass, 
substances for absorbing moisture, photographic fi lm, soldering 
materials, and fertilizers.
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Batteries
One of  the most common uses for 

acids and bases is in batteries. Batteries 
are a portable supply of  electric power. 
They come in many shapes and sizes. 
They are made of  many types of  
materials. However, nearly all batteries 
work in the same way. 

Batteries are actually containers of  
chemicals. Most batteries contain two 
types of  metal and either an acid or a 
base. In a battery, the acid or base slowly 
undergoes a special type of  chemical 
change called an electrochemical 
reaction. Electrons are released in this 
type of  electrochemical reaction.

Batteries have two terminals. Each 
one is made of  a different type of  metal. 
One terminal has a negative charge, and 
one has a positive charge. 
The electrons from the 
acid or base are attracted 
to the positive terminal 
and begin to pile up. 
The negative terminal 
repels electrons. 

negative terminal

Cars use batteries that 
contain a strong acid, 
lead, and lead oxide. 

Some watches use 
alkaline batteries.

Some dry cell batteries 
use nickel hydroxide and 
contain an alkali salt. 

positive terminal

negative terminal

positive terminal

negative terminalpositive terminal
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The metal at the positive terminal pulls the electrons more 
strongly than the negative terminal repels them. When a wire is 
used to connect the negative and positive terminals, the 
electrons travel from the negative terminal through the wire to 
the positive terminal. This starts a cycle of  fl owing electrons 
that will continue until the circuit is broken.

In the simple battery below, the metals copper and zinc are 
submerged in a solution of  sulfuric acid and water. The sulfuric 
acid reacts with the zinc to release electrons. The electrons are 
attracted to the copper plate and repelled by the zinc plate. 
When the plates are connected, the electrons fl ow through the 
wire and light the bulb. 

This homemade battery uses copper 
and zinc submerged in sulfuric acid. 
Electrons fl ow from zinc to copper 
through the wire. 

copper electrode

sulfuric acid

zinc electrode
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Acid Industry

Acids are important components 
in manufacturing plastics. Many 
things are made of plastic.

Many common items have acids in them. Sodas, citrus fruits, 
and pickles are all acidic. Acids are also found in many other 
everyday products.

Acids are used to refi ne petroleum, manufacture metals, 
and make plastics. Acids are used in food preservatives, as 
ingredients in cosmetics, and also as components of  insect 
repellents. Aspirin, a commonly used pain-relieving drug, is 
a weak acid. 
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Nitric acid has many uses. One of 
them is to manufacture dyes that 
can be used in paint.

Nitric acid is also used to make 
synthetic fi bers, such as nylon.

In most cases, one type of  acid is used in many different ways. 
For example, nitric acid is used in manufacturing plastics, dyes, 
fertilizers, and explosives. It is also used to clean metals and in a 
wide variety of  chemical processes to make synthetic fi bers, 
electrical circuit boards, and drugs. The United States produces 
about nineteen billion pounds of  nitric acid annually.

Sulfuric acid is one of  the most important industrial acids. 
It is used to clean metals, help refi ne petroleum, and manufacture 
chemicals. It is also present in an automobile’s battery. About 
ninety-six billion pounds of  sulfuric acid is produced annually in 
the United States. That is about sixteen pounds of  sulfuric acid 
for every person on Earth. In North America, about 70 percent 
of  the sulfuric acid produced is used to manufacture fertilizers.

14011_05-28_FSD.indd   1714011_05-28_FSD.indd   17 5/25/2005   4:59:46 PM5/25/2005   4:59:46 PM








18

Alkali Industry
You may not realize it, but alkalis are used every day. 

They are used in homes, construction sites, factories, and farms.
At home, many of  the common cleaners you use have 

alkalis as active ingredients. Things that contain alkalis may 
include drain openers, oven cleaners, and detergents. 
Construction sites use limestone, which is one of  the most 
common and important alkali products. It is mined throughout 
the world. Powdered limestone is one of  the key components in 
making cement and concrete. Limestone is used to help build 
everyday structures. 

Sodium hydroxide is a very useful alkali salt. One application 
for sodium hydroxide is its use in making pulp and paper.

14011_05-28_FSD.indd   1814011_05-28_FSD.indd   18 5/25/2005   5:00:00 PM5/25/2005   5:00:00 PM

19

Factories use alkalis in manufacturing a wide variety of  
products. They are used to produce glass, plastics, paper, soap, 
and dyes for fabrics. For example, potassium hydroxide is 
combined with boiling animal fat and vegetable oils to make 
soap. It is also used to make glass.

 The fertilizer industry uses alkalis as well. Ammonia is used as 
a common household cleaner, but it is also an ingredient in lawn 
and farm fertilizer. The United States produces approximately 
thirty-fi ve billion pounds of  ammonia each year. That is about six 
pounds of  ammonia for every person on Earth. This does not even 
include the amount of  ammonia produced by the rest of  the world.

Sodium hydroxide is another very useful alkali salt. It is the 
most commonly used strong base. Sodium hydroxide is found in 
cleaners, detergents, and soaps. It is also used to make pulp and 
paper and to produce chemicals. In the United States, about 
twenty-four billion pounds of  sodium hydroxide is produced 
in one year.

Ammonia is used as a common household cleaner, 
but it is also an ingredient in lawn and farm fertilizer.
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Acid Rain
Acid rain is the term used to describe 

different ways that acids fall out of  the 
atmosphere. It can actually take the form of  
acidic rain, fog, or snow. When acidic water 
fl ows to the ground, it affects many plants 
and animals. There is also dry acid 
deposition, which accounts for half  of  the 
acidity that falls from the atmosphere. 
It occurs when acidic particles are deposited 
onto buildings, cars, houses, and trees.

Scientists have found that sulfur dioxide and nitrogen oxides 
are the primary causes of  acid rain. Acid rain occurs when these 
gases react in the atmosphere with water, oxygen, and other 
chemicals to form acidic compounds. In the United States, 
about two-thirds of  all sulfur dioxide and one-third of  all 
nitrogen oxides come from electric power plants that use fossil 
fuels such as coal.

Acid rain can damage stone 
monuments like this one.

Sulfur dioxide and nitrogen oxides 
are the primary causes of acid rain. 
Most of these gases come from 
burning fossil fuels.
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There are many harmful effects from acid rain. It damages 
forests and soils. The acidic water damages the leaves of  trees, 
which decreases the amount of  nutrients that can be absorbed. 
As a result, some trees die, and forests grow more slowly. When 
lakes and streams are fi lled with acidic waters, fi sh can be harmed 
or killed. These rains can remove paint on cars, damage 
monuments, and weaken buildings. They can also cause heart 
or lung problems for humans.

What can you do to reduce acid rain? You can start by 
conserving energy, since electric power generation is the main 
cause of  acid deposition. You can turn off  lights, computers, and 
other appliances when you are not using them. You can use 
energy-effi cient appliances. People can also choose to carpool, use 
public transportation, use a bicycle, or walk. Although acid rain is 
a large environmental problem, each person can take steps to help 
reduce the problem.

The acidic water in lakes and rivers can harm or kill 
fi sh. Liming, or adding limestone to, this lake can help 
neutralize the acidic waters.
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Living with Acids 
and Bases

It is important to remember that acids and bases are not 
always benefi cial. Being around some of  them may be harmful. 
For example, sulfuric acid is a very corrosive substance. It can 
cause blindness and third-degree burns on the skin. 

Many products contain chemicals that are dangerous if  they 
are not properly used, stored, and disposed of. Some people just 
pour these acidic or basic chemicals right down the drain or on 
the ground outside. Others throw them away with the trash. 
These are not the proper ways to get rid of  acids and bases! 
Pouring them out like that can contaminate our water, soil, 
and air. Throwing them away as garbage can start fi res or hurt 
trash collectors. We must fi nd proper locations to dispose of  
these chemicals.

Acids and bases are everywhere. Many products we use each 
day contain acids and bases. They keep us clean, give us portable 
sources of  power, and help balance our bodies. While quite 
useful, they can also be dangerous. Understanding acids and 
bases helps us use them in safer ways.

Safety Symbols
If you see this label on 
a container, it means 
that the substance is 
corrosive. It may be a 
strong acid or a strong 
base. You must be 
careful in handling, 
storing, and disposing 
of these chemicals.
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Strong acids and 
bases can be 
dangerous. They 
must be handled 
with extreme care.

14011_05-28_FSD.indd   2314011_05-28_FSD.indd   23 5/25/2005   5:00:27 PM5/25/2005   5:00:27 PM





24

Glossary
acid  a substance with a pH lower than seven. 

Acids react with bases to form salts

alkali  a base that has been dissolved in water
 
base  a substance with a pH higher than seven. 

Bases react with acids to form salts

buffer  a substance that makes changing the pH 
of  a solution more diffi cult

corrosive a characteristic of  strong acids or strong bases 
that can eat away at metals and minerals

indicator  a compound that changes color in the 
presence of  an acid or a base

ion  an atom or a group of  atoms that has an 
electrical charge

salt  a compound that is composed of  positive 
metallic ions and negative nonmetallic ions
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1. What kind of acids are found inside the body? 

2. How are alkalis used in construction? 

3. Why is acid rain harmful? 

4.  Write to explain ways in 
which acids can be useful, and also explain 
some ways in which acids can be harmful. 
Give examples. 

5.  Compare and Contrast What are the 
similarities and differences between acids 
and bases in terms of their pH? 

What did you learn?Extended Vocabulary

acid
alkali
base
buffer
corrosive
indicator
salt

Vocabulary

compound
concentration
element
mixture
periodic table
solubility
solute
solution
solvent
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