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1.1 Matter, Mass, and Volume
Learning Objectives

• Define matter.
• State what mass measures.
• State what volume measures.

Can you guess what this colorful image shows? Believe it or not, it actually depicts individual atoms of cesium
(reddish-orange) on a surface of gallium arsenide molecules (blue). The image was created with an extremely
powerful microscope, called a scanning tunneling microscope. This is the only type of microscope that can make
images of things as small as atoms, the basic building blocks of matter.
What’s the Matter?

Matter is all the “stuff” that exists in the universe. Everything you can see and touch is made of matter, including
you! The only things that aren’t matter are forms of energy, such as light and sound. In science, matter is defined
as anything that has mass and volume. Mass and volume measure different aspects of matter.
Mass

Mass is a measure of the amount of matter in a substance or an object. The basic SI unit for mass is the kilogram
(kg), but smaller masses may be measured in grams (g). To measure mass, you would use a balance. In the lab, mass
may be measured with a triple beam balance or an electronic balance, but the old-fashioned balance pictured below
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may give you a better idea of what mass is. If both sides of this balance were at the same level, it would mean that
the fruit in the left pan has the same mass as the iron object in the right pan. In that case, the fruit would have a mass
of 1 kg, the same as the iron. As you can see, however, the fruit is at a higher level than the iron. This means that
the fruit has less mass than the iron, that is, the fruit’s mass is less than 1 kg.
Q: If the fruit were at a lower level than the iron object, what would be the mass of the fruit?
A: The mass of the fruit would be greater than 1 kg.

Mass is commonly confused with weight. The two are closely related, but they measure different things. Whereas
mass measures the amount of matter in an object, weight measures the force of gravity acting on an object. The
force of gravity on an object depends on its mass but also on the strength of gravity. If the strength of gravity is held
constant (as it is all over Earth), then an object with a greater mass also has a greater weight.
Q: With Earth’s gravity, an object with a mass of 1 kg has a weight of 2.2 lb. How much does a 10 kg object weigh
on Earth?
A: A 10 kg object weighs ten times as much as a 1 kg object:
10 × 2.2 lb = 22 lb
Volume

Volume is a measure of the amount of space that a substance or an object takes up. The basic SI unit for volume is
the cubic meter (m3 ), but smaller volumes may be measured in cm3 , and liquids may be measured in liters (L) or
milliliters (mL). How the volume of matter is measured depends on its state.
• The volume of a liquid is measured with a measuring container, such as a measuring cup or graduated cylinder.
• The volume of a gas depends on the volume of its container: gases expand to fill whatever space is available
to them.
• The volume of a regularly shaped solid can be calculated from its dimensions. For example, the volume of a
rectangular solid is the product of its length, width, and height.
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• The volume of an irregularly shaped solid can be measured by the displacement method. You can read below
how this method works.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/79976

Q: How could you find the volume of air in an otherwise empty room?
A: If the room has a regular shape, you could calculate its volume from its dimensions. For example, the volume of
a rectangular room can be calculated with the formula:
Volume = length × width × height
If the length of the room is 5.0 meters, the width is 3.0 meters, and the height is 2.5 meters, then the volume of the
room is:
Volume = 5.0 m × 3.0 m × 2.5 m = 37.5 m3

Q: What is the volume of the dinosaur in the diagram above?
A: The volume of the water alone is 4.8 mL. The volume of the water and dinosaur together is 5.6 mL. Therefore,
the volume of the dinosaur alone is 5.6 mL - 4.8 mL = 0.8 mL.
Summary

• Matter is all the “stuff” that exists in the universe. It has both mass and volume.
• Mass measures the amount of matter in a substance or an object. The basic SI unit for mass is the kilogram
(kg).
• Volume measures the amount of space that a substance or an object takes up. The basic SI unit for volume is
the cubic meter (m3 ).
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Review

1.
2.
3.
4.

How do scientists define matter?
What is mass? What is the basic SI unit of mass?
What does volume measure? Name two different units that might be used to measure volume.
Explain how to use the displacement method to find the volume of an irregularly shaped object.
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1.2 Pure Substance
Learning Objectives

• Define substance.

Have you ever had the experience of opening the refrigerator and seeing something you don’t
recognize?
Not an unfamiliar food, but something that has changed over the time period it was in the refrigerator. You are not
sure just what it is, so you call it “stuff.” Looking at it, you know it’s not a good idea to eat it, so you throw it out. If
you’re not sure just what it is, you certainly don’t want to put it in your body.

Substances

Silver and ordinary table salt are two examples of chemical substances. A substance is matter that has a uniform
and definite composition. All samples of substances, sometimes called pure substances, have identical properties.
When chemists run a chemical reaction, they want to use pure materials so they know exactly what they are dealing
with. They know that the reaction involves a specific substance, so they expect the same reaction to give the same
results each time it is run.
One of the characteristics of a substance is that it cannot be separated into components by physical separation
techniques. The compound acetylsalicylic acid (the active ingredient in aspirin) is a substance because it is a
chemical compound that cannot be further reduced to other materials by physical means. However, the aspirin
that contains the acetylsalicylic acid is a mixture. In addition to the active pain-relieving ingredient, aspirin also
6
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may contain waxes, corn starch, and cellulose, among other ingredients. These added materials bind the tablet
components into a solid pill and influence how rapidly the material dissolves.

FIGURE 1.1
Aspirin tablets.

Substances may be either elements or pure compounds. They may also be solid, liquid, or gas. Some of the elements
(such as silver) exist in the solid form. Other elements (mercury) exist as liquids at room temperature. Elements
such as helium and radon exist as gases at room temperature. A compound such as water will take the form of a
solid, a liquid, or a gas, depending upon the temperature.
Summary

• A substance is a pure material with a uniform and definite composition.
• A substance cannot be separated into components using physical means.
• A substance can be a solid, a liquid, or a gas, depending on the temperature.
Review

1. Define substance.
2. Can salt be a substance?
3. Is aspirin a substance?
Vocabulary

• compound: Made up of multiple elements.
• element: A substance that cannot be separated into smaller pieces. Defined by how many protons it has.
• substance: Matter that has a uniform and definite composition.
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1.3 Physical Properties
Learning Objectives

• Define physical property.
• List and describe physical properties of matter.

Why are drag car standards constantly reinforced?

Drag racing is a highly competitive (and expensive) sport. There are a variety of classes of vehicles, ranging from
stock classes (depending on car weight, engine size, and degree of engine modification) all the way up to the Top
Fuel class with weights of over two thousand pounds and capable of top speeds of well over 300 miles per hour at
the end of the quarter-mile. The standards for each class are well defined and frequent checks are made of engine
dimensions and components to ensure that the rules are followed.
Physical Properties

A physical property is a characteristic of a substance that can be observed or measured without changing the
identity of the substance. Silver is a shiny metal that conducts electricity very well. It can be molded into thin
8
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sheets, a property called malleability. Salt is dull and brittle and conducts electricity when it has been dissolved
into water, which it does quite easily. Physical properties of matter include color, hardness, malleability, solubility,
electrical conductivity, density, melting points, and boiling points.
For the elements, color does not vary much from one element to the next. The vast majority of elements are colorless,
silver, or gray. Some elements do have distinctive colors: sulfur and chlorine are yellow, copper is (of course) coppercolored, and elemental bromine is red.
Density can be a very useful parameter for identifying an element. Of the materials that exist as solids at room
temperature, iodine has a very low density compared to zinc, chromium, and tin. Gold has a very high density, as
does platinum.
Hardness helps determine how an element (especially a metal) might be used. Many elements are fairly soft (silver
and gold, for example) while others (such as titanium, tungsten, and chromium) are much harder. Carbon is an
interesting example of hardness. In graphite (the “lead” found in pencils) the carbon is very soft, while the carbon
in a diamond is roughly seven times as hard.

FIGURE 1.2
Pencil.

FIGURE 1.3
Diamond ring.

Melting and boiling points are somewhat unique identifiers, especially of compounds. In addition to giving some
idea as to the identity of the compound, important information can be obtained about the purity of the material.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184104
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Is That Really Gold? Archimedes and Density

How do you determine the density of an irregularly shaped object? Learn how Archimedes did this thousands of
years ago with just a beaker, water, and some simple math.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/145421

This simulation explores states of matter and the physical properties of water:

SIMULATION
Click image to the left or use the URL below.
URL:

http://www.ck12.org/chemistry/states-of-

matter/simulationint/States-of-Matter

Summary

• A physical property is a characteristic of a substance that can be observed or measured without changing the
identity of the substance.
• Physical properties include color, density, hardness, and melting and boiling points.
Review

1. What is a physical property?
2. What color are most metals?
3. Is titanium harder or softer than gold?
Vocabulary

•
•
•
•
•
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boiling point: The temperature which causes liquid to boil.
density: The concentration of a substance. Increases as its temperature decreases.
hardness: Helps determine how an element (especially a metal) might be used.
melting point: The temperature which causes solids to melt.
physical property: A characteristic of a substance that can be observed or measured without changing the
identity of the substance.
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1.4 Extensive and Intensive Properties
Learning Objectives

• Define extensive property.
• Define intensive property.
• Give examples of extensive and intensive properties

How much is twenty dollars really worth?

I agree to mow someone’s lawn for twenty dollars (it’s a fairly big yard). When they pay me, they give me a $20
bill. It doesn’t matter whether the bill is brand new or old, dirty, and wrinkled - all these bills have the same value
of $20. If I want more $20 bills, I have to mow more lawns. I can’t say, “This particular bill is actually worth more
than $20.” To have more money, I have to put in more work.
Extensive and Intensive Properties
Extensive Properties

Some properties of matter depend on the size of the sample, while some do not. An extensive property is a property
that depends on the amount of matter in a sample. The mass of an object is a measure of the amount of matter that
an object contains. A small sample of a certain type of matter will have a small mass, while a larger sample will
have a greater mass. Another extensive property is volume. The volume of an object is a measure of the space that
is occupied by that object.
The figure below illustrates the extensive property of volume. The pitcher and glass both contain milk. The pitcher
holds approximately two quarts and the glass will hold about 8 ounces of milk. The same milk is in each container.
The only difference is the amount of milk contained in the glass and in the pitcher
Intensive Properties

The electrical conductivity of a substance is a property that depends only on the type of substance. Silver, gold, and
copper are excellent conductors of electricity, while glass and plastic are poor conductors. A larger or smaller piece
11
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FIGURE 1.4
Milk pitcher and glass.

of glass will not change this property. An intensive property is a property of matter that depends only on the type
of matter in a sample and not on the amount. Other intensive properties include color, temperature, density, and
solubility.
The copper wire shown in the picture below has a certain electrical conductivity. You could cut off the small end
sticking out and it would have the same conductivity as the entire long roll of wire shown here. The conductivity is
a property of the copper metal itself, not of the length of the wire.

FIGURE 1.5
Copper wire.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184107
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Summary

• An extensive property is a property that depends on the amount of matter in a sample.
• Mass and volume are examples of extensive properties.
• An intensive property is a property of matter that depends only on the type of matter in a sample and not on
the amount.
• Color, temperature, and solubility are examples of intensive properties.
Review

1.
2.
3.
4.

Define extensive property.
Give two examples of extensive properties.
Define intensive property.
Give two examples of intensive properties.

Vocabulary

• extensive property: A property that depends on the amount of matter in a sample.
• intensive property: A property of matter that depends only on the type of matter in a sample and not on the
amount.
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1.5 States of Matter
Learning Objectives

• Define, solid, liquid, and gas.
• Explain differences among these three phases of matter.

Why is the state of water different in each picture?
Water can take many forms. At low temperatures (below 0◦ C), it is a solid. When at “normal” temperatures (between
0◦ C and 100◦ C), it is a liquid. While at temperatures above 100◦ C, water is a gas (steam).
The state the water is in depends upon the temperature. Each state (solid, liquid, and gas) has its own unique set of
physical properties.
Matter and Its States

Matter typically exists in one of three states: solid, liquid, or gas. The state a given substance exhibits is also a
physical property. Some substances exist as gases at room temperature (oxygen and carbon dioxide), while others,
like water and mercury metal, exist as liquids. Most metals exist as solids at room temperature. All substances can
exist in any of these three states.
Note: Technically speaking a fourth state of matter called plasma exists, but it does not naturally occur on earth, so
we will omit it from our study here.
Liquid

Liquids have the following characteristics:
• no definite shape (takes the shape of its container)
• has definite volume
• particles are free to move over each other, but are still attracted to each other
A familiar liquid is mercury metal. Mercury is an anomaly. It is the only metal we know of that is liquid at room
temperature. Mercury also has an ability to stick to itself (surface tension) - a property all liquids exhibit. Mercury
has a relatively high surface tension, which makes it very unique. Here you see mercury in its common liquid form.
If we were to heat liquid mercury to its boiling point of 357◦ C, and under the right pressure conditions, we would
notice all particles in the liquid state go into the gas state.
14
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FIGURE 1.6
Mercury.

Gas

Gases have the following characteristics:
•
•
•
•

no definite shape (takes the shape of its container)
no definite volume
particles move in random motion with little or no attraction to each other
highly compressible

Solid

Solids are defined by the following characteristics:
• definite shape (rigid)
• definite volume
• particles vibrate around fixed axes
If we were to cool liquid mercury to its freezing point of -39◦ C, and under the right pressure conditions, we would
notice all of the liquid particles would go into the solid state.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/154332
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As you can see in the video, mercury can be solidified when its temperature is brought to its freezing point. However,
when returned to room temperature conditions, mercury does not exist in solid state for long, and returns back to its
more common liquid form.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184111

Summary

•
•
•
•

Three states of matter exist - solid, liquid, and gas.
Solids have a definite shape and volume.
Liquids have a definite volume, but take the shape of the container.
Gases have no definite shape or volume.

Review

1.
2.
3.
4.

How many states of matter are there?
What is a solid?
What is a liquid?
What is a gas?

Vocabulary

• solid: Has a definite shape and volume.
• liquid: Has a definite volume, but take the shape of the container.
• gas: Has no definite shape or volume.
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1.6 Physical Change
Learning Objectives

• Define physical change.
• Give examples of physical changes.

How does a car go from new and shiny to old and beaten up?

Want to buy a car - cheap? Notice there is no specification such as “in good condition” or “needs a little work.”
The car above is pretty beat up. The body is damaged, the windows are broken, and the interior is probably torn up.
But this is still a car. It has all the components of a car, even though you would not want to buy it in the present
condition. But change that condition and you have a (possibly) useable car.
Physical Change

As an ice cube melts, its shape changes as it acquires the ability to flow. However, its composition does not change.
Melting is an example of a physical change. A physical change is a change to a sample of matter in which some
properties of the material change, but the identity of the matter does not. Physical changes can further be classified as
reversible or irreversible. The melted ice cube may be refrozen, so melting is a reversible physical change. Physical
changes that involve a change of state are all reversible. Other changes of state include vaporization (liquid to gas),
freezing (liquid to solid), and condensation (gas to liquid). Dissolving is also a reversible physical change. When
salt is dissolved into water, the salt is said to have entered the aqueous state. The salt may be regained by boiling
off the water, leaving the salt behind.
When a piece of wood is ground into sawdust, that change is irreversible since the sawdust could not be reconstituted
into the same piece of wood that it was before. Cutting the grass or pulverizing a rock would be other irreversible
17
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FIGURE 1.7
Melting ice in the Beaufort Sea.

physical changes. Fire wood also represents an irreversible physical change since the pieces cannot be put back
together to form the tree.

FIGURE 1.8
Firewood.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/158745

Making Ice Cream with Salt

The effect of salt on the freezing and boiling points of water are demonstrated in this MIT video.
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/145459

Ever wonder why ice cubes float in water even though they are just solid water? If you look at the arrangement
of molecules in both liquid water and ice, you’ll know why! These two simulations will help you visualize the
molecules of a substance during physical changes. You’ll also be able to explore the physical properties of water:

SIMULATION
Click image to the left or use the URL below.
URL:

http://www.ck12.org/chemistry/states-of-

matter/simulationint/States-of-Matter

SIMULATION
Click image to the left or use the URL below.
URL:

http://www.ck12.org/chemistry/phase-

diagrams/simulationint/Phase-Change

Summary

• A physical change is a change to a sample of matter in which some properties of the material change, but the
identity of the matter does not.
• In a reversible physical change, the original form of the matter can be restored.
• In an irreversible physical change, the original form cannot be restored.
• Melting ice and grinding wood into sawdust are examples of physical changes.
Review

1. Define physical change.
2. Why is melting an ice cube a reversible physical change?
3. Give an example of an irreversible physical change.
Vocabulary

• condensation: When gas turns to a liquid.
• freezing: When a liquid turns to a solid.
• melting: When a solid turns to a liquid.
19

1.6. Physical Change

www.ck12.org

• physical change: A change to a sample of matter in which some properties of the material change, but the
identity of the matter does not.
• vaporization: When liquid turns into gas.
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1.7 Mixture
Learning Objectives

•
•
•
•

Define mixture, and give examples of mixtures.
Contrast homogeneous and heterogeneous mixtures.
Identify types of mixtures based on particle size.
Explain how to separate the components of mixtures.

Ahhhh! A tall glass of ice-cold lemonade is really refreshing on a hot day. Lemonade is a combination of
lemon juice, water, and sugar. Do you know what kind of matter lemonade is? It’s obviously not an element
because it consists of more than one substance. Is it a compound? Not all combined substances are compounds.
Some—including lemonade—are mixtures.

What Is a Mixture?

A mixture is a combination of two or more substances in any proportion. This is different from a compound, which
consists of substances in fixed proportions. The substances in a mixture also do not combine chemically to form
a new substance, as they do in a compound. Instead, they just intermingle and keep their original properties. The
21
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lemonade pictured above is a mixture because it doesn’t have fixed proportions of ingredients. It could have more or
less lemon juice, for example, or more or less sugar, and it would still be lemonade.
Q: What are some other examples of mixtures?
A: Other examples of liquid mixtures include salt water and salad dressing. Air is a mixture of gases, mainly nitrogen
and oxygen. The rock pictured in the Figure 1.9 is a solid mixture.

FIGURE 1.9
This rock is a mixture of smaller rocks and minerals.

Homogeneous or Heterogeneous?

The lemonade in the opening picture is an example of a homogeneous mixture. A homogeneous mixture has the
same composition throughout. Another example of a homogeneous mixture is salt water. If you analyzed samples
of ocean water in different places, you would find that the proportion of salt in each sample is the same: 3.5 percent.
The rock in Figure 1.9 is an example of a heterogeneous mixture. A heterogeneous mixture varies in its composition.
The black nuggets, for example, are not distributed evenly throughout the rock.
Types of Mixtures

Mixtures have different properties depending on the size of their particles. Three types of mixtures based on particle
size are solutions, suspensions, and colloids, all of which are described in the Table 1.1.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/201661

TABLE 1.1: Solutions, Suspensions, and Colloids
Type of Mixture
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TABLE 1.1: (continued)
Type of Mixture
Solutions

Description
A solution is a homogeneous mixture with tiny particles. The particles are too small to see and also too
small to settle or be filtered out of the mixture.
When the salt is thoroughly mixed into the water in this
glass, it will form a solution. The salt will no longer be
visible in the water, and it won’t settle to the bottom of
the glass.

Colloids

A colloid is a homogeneous mixture with mediumsized particles. The particles are large enough to see
but not large enough to settle or be filtered out of the
mixture.
The gelatin in this dish is a colloid. It looks red because
you can see the red gelatin particles in the mixture.
However, the particles are too small to settle to the
bottom of the dish.
A suspension is a heterogeneous mixture with large
particles. The particles are large enough to see and also
to settle or be filtered out of the mixture.
The salad dressing in this bottle is a suspension. It
contains oil, vinegar, herbs, and spices. If the bottle
sits undisturbed for very long, the mixture will separate
into its component parts. That’s why you should shake
it before you use it.

Suspensions

Q: If you buy a can of paint at a paint store, a store employee may put the can on a shaker machine to mix up the
paint in the can. What type of mixture is the paint?
A: The paint is a suspension. Some of the components of the paint settle out of the mixture when it sits undisturbed
for a long time. This explains why you need to shake (or stir) the paint before you use it.
Q: The milk you buy in the supermarket has gone through a process called homogenization. This process breaks up
the cream in the milk into smaller particles. As a result, the cream doesn’t separate out of the milk no matter how
long it sits on the shelf. Which type of mixture is homogenized milk?
A: Homogenized milk is a colloid. The particles in the milk are large enough to see—that’s why milk is white
instead of clear like water, which is the main component of milk. However, the particles are not large enough to
settle out of the mixture.
Separating Mixtures

The components of a mixture keep their own identity when they combine, so they retain their physical properties.
Examples of physical properties include boiling point, ability to dissolve, and particle size. When components of
23
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mixtures vary in physical properties such as these, processes such as boiling, dissolving, or filtering can be used to
separate them.
Look at the Figure 1.10 of the Great Salt Lake in Utah. The water in the lake is a solution of salt and water. Do you
see the white salt deposits near the shore? How did the salt separate from the salt water? Water has a lower boiling
point than salt, and it evaporates in the heat of the sun. With its higher boiling point, the salt doesn’t get hot enough
to evaporate, so it is left behind.

FIGURE 1.10

Q: Suppose you have a mixture of salt and pepper. What properties of the salt and pepper might allow you to
separate them?
A: Salt dissolves in water but pepper does not. If you mix salt and pepper with water, only the salt will dissolve,
leaving the pepper floating in the water. You can separate the pepper from the water by pouring the mixture through
a filter, such as a coffee filter.
Q: After you separate the pepper from the salt water, how could you separate the salt from the water?
A: You could heat the water until it boils and evaporates. The salt would be left behind.
Summary

• A mixture is a combination of two or more substances in any proportions. The substances in a mixture do not
combine chemically, so they retain their physical properties.
• A homogeneous mixture has the same composition throughout. A heterogeneous mixture varies in its composition.
• Mixtures can be classified on the basis of particle size into three different types: solutions, suspensions, and
colloids.
• The components of a mixture retain their own physical properties. These properties can be used to separate
the components by filtering, boiling, or other physical processes.
Review

1. What is a mixture?
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2. What is the difference between a homogeneous and a heterogeneous mixture?
3. Make a table to compare and contrast solutions, colloids, and suspensions. Include an example of each type
of mixture in your table.
4. Iron filings are attracted by a magnet. This is a physical property of iron but not of most other materials,
including sand. How could you use this difference in physical properties to separate a mixture of iron filings
and sand?
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1.8 Homogeneous Mixture
Learning Objectives

• Define mixture.
• Define homogeneous mixture.
• Give examples of homogeneous mixtures.

How do you like your coffee?

Many people enjoy a cup of coffee at some point during the day. Some may drink it black, while others may put
cream (or some dairy substitute) and sugar in their coffee. You can buy high-end coffee drinks at espresso stands
(either sit-down or drive-through). Whatever your preference, you want the coffee to be the same at the beginning
and the end of your drink. You don’t want the components to separate out, but you want your drink to be uniform
from top to bottom.
Mixtures

Ordinary table salt is called sodium chloride. It is considered a substance because it has a uniform and definite
composition. All samples of sodium chloride are chemically identical. Water is also a pure substance. Salt easily
dissolves in water, but salt water cannot be classified as a substance because its composition can vary. You may
dissolve a small amount of salt or a large amount into a given amount of water. A mixture is a physical blend of two
or more components, each of which retains its own identity and properties in the mixture. Only the form of the salt
is changed when it is dissolved into water. It retains its composition and properties.
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Homogeneous Mixtures

A homogeneous mixture is a mixture in which the composition is uniform throughout the mixture. The salt water
described above is homogeneous because the dissolved salt is evenly distributed throughout the entire salt water
sample. Often it is easy to confuse a homogeneous mixture with a pure substance because they are both uniform. The
difference is that the composition of the substance is always the same. The amount of salt in the salt water can vary
from one sample to another. All solutions would be considered homogeneous because the dissolved material is
present in the same amount throughout the solution.
One characteristic of mixtures is that they can be separated into their components. Since each part of the mixture
has not reacted with another part of the mixture, the identities of the different materials is unchanged.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184155

Take a deep breath...you just breathed in a mixture. This simulation will help you explore the mixture that surrounds
all of us:

SIMULATION
Click image to the left or use the URL below.
URL: http://www.ck12.org/chemistry/mixture/simulationint/AirMatters

Further Reading

Mixture
Separating Mixtures
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Summary

• A homogeneous mixture is a mixture in which the composition is uniform throughout the mixture.
• All solutions would be considered homogeneous.
Review

1.
2.
3.
4.

What is a mixture?
What is a homogeneous mixture?
Are all solutions homogeneous mixtures?
Can homogeneous mixtures be separated into their components?

Vocabulary

• homogeneous: A mixture in which the composition is uniform throughout the mixture.
• mixture: consists of multiple substances put together.
• substance: It has a uniform and definite composition.
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1.9 Heterogeneous Mixture
Learning Objectives

• Define heterogeneous mixture.
• Define phase.
• Give examples of heterogeneous mixtures.

What’s the best way to eat a bag of jelly beans?
Many people open the bag and eat all the candy, no matter what flavor each piece is. Others pick through the
collection. They might say “I don’t like the orange ones.” Or maybe they just care for the lemon ones. There are
different kinds of jelly beans in the mixture and people will eat what they want and get rid of the rest.
Heterogeneous Mixtures

A heterogeneous mixture is a mixture in which the composition is not uniform throughout the mixture. Vegetable
soup is a heterogeneous mixture. Any given spoonful of soup will contain varying amounts of the different vegetables
and other components of the soup.
A phase is any part of a sample that has a uniform composition and properties. By definition, a pure substance or a
homogeneous mixture consists of a single phase. A heterogeneous mixture consists of two or more phases. When
oil and water are combined, they do not mix evenly, but instead form two separate layers. Each of the layers is called
a phase.
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FIGURE 1.11
Oil and water do not mix, instead forming two distinct layers called phases.
The oil phase is less dense than the water phase and so the oil floats on
top of the water.

In the vegetable soup example, one phase would be the liquid soup itself. This phase has vitamins, minerals, and
other components dissolved in the water. This phase would be homogeneous. The carrots, peas, corn, or other
vegetables represent other phases of the soup. The various vegetables are not mixed evenly mixed in the soup, but
are spread around at random.
There are a large number of heterogeneous mixtures around us. Soil is composed of a variety of substances and is
often of different composition depending on the sample taken. One shovel may come up with dirt and grass while
the next shovel could contain an earthworm.
Smog is another example of a heterogeneous mixture. This murky collection of pollutants can be a mixture of water
and contaminants from burning gasoline or plastics mixed with nitric oxide derivatives and ozone. You can see that
the smog distribution in the air illustrate below is not evenly spread out, but varies from one part of the atmosphere
to another.

FIGURE 1.12
Smog in New York City.

30

www.ck12.org

Chapter 1. Matter and Change

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184155

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184153

Whether the air is clean or smoggy, it’s a collection of molecules. See what it’s made of in this simulation:

SIMULATION
Click image to the left or use the URL below.
URL: http://www.ck12.org/chemistry/mixture/simulationint/AirMatters

Further Reading

Mixture
Separating Mixtures
Summary

• A heterogeneous mixture is a mixture in which the composition is not uniform throughout the mixture.
• A phase is a separate layer in a heterogeneous mixture.
Review

1. Define a heterogeneous mixture.
2. Why is vegetable soup a heterogeneous mixture?
3. How many phases are in a heterogeneous mixture?
Vocabulary

• heterogeneous mixture: A mixture in which the composition is not uniform throughout the mixture.
• phase: A separate layer in a heterogeneous mixture.
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1.10 Separating Mixtures
Learning Objectives

• Describe techniques for separation of mixtures.

How did gold miners search for gold?

Beginning in the late 1840s, thousands of prospectors rushed to California to search for gold. One of the approaches
taken to isolate the gold from the soil was called “panning.” Dirt would be placed in the pan and covered with water.
After thorough mixing, the pan is gently swirled to remove dissolved material while the heavier gold settles to the
bottom of the pan. The gold is then separated from the mixture of soil and water.

Separation of Mixtures

Not everyone is out searching for gold (and not many of those searchers is going to get much gold, either). In a
chemical reaction, it is important to isolate the component(s) of interest from all the other materials so they can be
further characterized. Studies of biochemical systems, environmental analysis, pharmaceutical research - these and
many other areas of research require reliable separation methods.
Here are a number of common separation techniques:
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Chromatography

Chromatography is the separation of a mixture by passing it in solution or suspension or as a vapor (as in gas
chromatography) through a medium in which the components move at different rates. Thin-layer chromatography is
a special type of chromatography used for separating and identifying mixtures that are or can be colored, especially
pigments.
Distillation

Distillation is an effective method to separate mixtures comprised of two or more pure liquids. Distillation is a
purification process where the components of a liquid mixture are vaporized and then condensed and isolated. In
simple distillation, a mixture is heated and the most volatile component vaporizes at the lowest temperature. The
vapor passes through a cooled tube (a condenser), where it condenses back into its liquid state. The condensate that
is collected is called distillate.

FIGURE 1.13
Distillation apparatus.

In Figure 1.13, we see several important pieces of equipment. There is a heat source, a test tube with a one-hole
stopper attached to a glass elbow and rubber tubing. The rubber tubing is placed into a collection tube which
is submerged in cold water. There are other more complicated assemblies for distillation that can also be used,
especially to separate mixtures, which are comprised of pure liquids with boiling points that are close to one another.
Evaporation

Evaporation is a technique used to separate out homogenous mixtures where there is one or more dissolved solids.
This method drives off the liquid components from the solid components. The process typically involves heating
the mixture until no more liquid remains, Prior to using this method, the mixture should only contain one liquid
component, unless it is not important to isolate the liquid components. This is because all liquid components will
evaporate over time. This method is suitable to separate a soluble solid from a liquid.
In many parts of the world, table salt is obtained from the evaporation of sea water. The heat for the process comes
from the sun.
Filtration

Filtration is a separation method used to separate out pure substances in mixtures comprised of particles some of
which are large enough in size to be captured with a porous material. Particle size can vary considerably, given the
type of mixture. For instance, stream water is a mixture that contains naturally occurring biological organisms like
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FIGURE 1.14
Once the sea water in these evaporation
ponds has evaporated, the salt can be
harvested.

bacteria, viruses, and protozoans. Some water filters can filter out bacteria, the length of which is on the order of 1
micron. Other mixtures, like soil, have relatively large particle sizes, which can be filtered through something like a
coffee filter.

FIGURE 1.15
Filtration.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184157
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Summary

•
•
•
•
•

Mixtures can be separated using a variety of techniques.
Chromatography involves solvent separation on a solid medium.
Distillation takes advantage of differences in boiling points.
Evaporation removes a liquid from a solution to leave a solid material.
Filtration separates solids of different sizes.

Review

1.
2.
3.
4.
5.
6.
7.

Why is it important to separate material from a mixture?
What is chromatography?
What is distillation
What is filtration?
What is evaporation?
What technique would you use to separate sand from water? There are two possibilities.
What technique would you use to separate alcohol from water?

Vocabulary

•
•
•
•

chromatography: Involves solvent separation on a solid medium.
distillation: Takes advantage of differences in boiling points.
evaporation: Removes a liquid from a solution to leave a solid material.
filtration: Separates solids of different sizes.
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1.11 Element
Learning Objectives

• Define element.
• State basic properties of an element.
• Give examples of elements and their uses.

Who is Sherlock Holmes?

The famous fictional British detective Sherlock Holmes was often said to make the statement “elementary, my dear
Watson.” In reality, the closest he ever came to that line was an exchange with Watson in the short story “The
Crooked Man.” Holmes shows shrewd insight into Watson’s activities of the day. When asked how he knew what
Watson was doing, Holmes simply replies “Elementary.” Regardless of exactly how he put it, Sherlock was simply
referring to what the Free Dictionary defines as “relating to, or constituting the basic, essential, or fundamental part.”
Elements

An element is the simplest form of matter that has a unique set of properties. Examples of well-known elements include oxygen, iron, and gold (see the figure below). Elements cannot be broken down into a simpler
substance. Likewise, one element cannot be chemically converted into a different element.
Some elements have been known for centuries (gold, silver, iron, copper, among others) while others have been
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FIGURE 1.16
Chemical elements are the simplest of substances. (A) An oxygen tank like this is used by people with a need
for breathing assistance. (B) A simple skillet can be made from cast iron. (C) Gold bars are formed and used for
monetary purposes.

created in the lab only within the last several years. Most elements do not exist as such in nature. They are so
reactive that they can be found only in combination with other materials.
Several of the elements are very valuable while others are quite inexpensive. Gold is currently worth almost $1700
per ounce. Aluminum, on the other hand, only sells for about 90 cents per pound, considerably lower than gold.
Copper is worth somewhat more, selling for approximately $3.50 pound. Platinum is very valuable at about $1650
an ounce, not quite as expensive as gold.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184159

There are elements all around you, including in the air you breathe. See what elements are in the air in this
simulation.

SIMULATION
Click image to the left or use the URL below.
URL: http://www.ck12.org/chemistry/mixture/simulationint/AirMatters

Summary

• An element is the simplest form of matter that has a unique set of properties.
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• One element cannot be chemically converted to another element.
Review

1. What is an element?
2. How much is gold worth today?
3. How many elements did we know about when Tom Lehrer wrote his song?
Resources

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/62600

Vocabulary

• element: The simplest form of matter that has a unique set of properties.
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1.12 Compound
Learning Objectives

• Define compound distinguish between element and compound.
• Give examples of compounds.
• Define chemical change.

What do you need to start building a house?
Houses take on a variety of shapes. Some are large mansions while others are simpler dwellings. No matter what
the house looks like there will be certain common components - wood, brick, plaster, nails, plumbing, wiring, etc.
These components go together in numerous ways to make up the unique final product.
Compounds in chemistry are composed of different types and numbers of atoms. But atoms are common building
blocks for a wide variety of compounds, just as brick, wood, and other materials are common building blocks for
many types of houses.
Compounds

A compound is a substance that contains two or more elements chemically combined in a fixed proportion. The
elements carbon and hydrogen combine to form many different compounds. One of the simplest is called methane,
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in which there are always four times as many hydrogen particles as carbon particles. Methane is a pure substance
because it always has the same composition. However, it is not an element because it can be broken down into
simpler substances - carbon and hydrogen.
Recall that the components of a mixture can be separated from one another by physical means. This is not true for
a compound. Table salt is a compound consisting of equal parts of the elements sodium and chlorine. Salt cannot
be separated into its two elements by filtering, distillation, or any other physical process. Salt and other compounds
can only be decomposed into their elements by a chemical process. A chemical change is a change that produces
matter with a different composition. Many compounds can be decomposed into their elements by heating. When
sugar is heated, it decomposes to carbon and water. Water is still a compound, but one which cannot be broken
down into hydrogen and oxygen by heating. Instead, the passage of an electrical current through water will produce
hydrogen and oxygen gases.
The properties of compounds are generally very different than the properties of the elements from which the
compound is formed. Sodium is an extremely reactive soft metal that cannot be exposed to air or water. Chlorine is
a deadly gas. The compound sodium chloride is a white solid which is essential for all living things (Figure 1.17).

FIGURE 1.17
(A) Sodium is so reactive that it must be
stored under oil. (B) Chlorine is a poisonous yellow-green gas. (C) Salt crystals, a compound of sodium and chlorine

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184161

Science Friday: Celebrating Explosive Chemistry

July Fourth: A day for picnics, parades and chemistry. In this video by Science Friday, Professor Bassam Shakhashiri
explains some of the science of fireworks.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/195418
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Summary

• A compound is a substance that contains two or more elements chemically combined in a fixed proportion.
• A chemical change is a change that produces matter with a different composition.
Review

1. What is a compound?
2. How is a compound different from an element?
3. What is a chemical change?
Explore More

Use the resource below to answer the following questions.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/62602

1. What lists all the elements we know about?
2. What is the compound made out of two hydrogen atoms and one oxygen atom?
3. What is the compound made out of one carbon atom and two oxygen atoms?
Vocabulary

• chemical change: A change that produces matter with a different composition.
• compound: A substance that contains two or more elements chemically combined in a fixed proportion.
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1.13 Chemical Reaction
Learning Objectives

•
•
•
•

Define chemical reaction.
Describe what happens during chemical reactions.
Identify types of chemical reactions.
State the role of energy in chemical reactions.

Does the term chemical reaction bring to mind an image like this one? In the picture, a chemist is mixing chemicals
in a lab. Many chemical reactions take place in labs. However, most chemical reactions do not. Where do they
occur? They happen in the world all around you. They even happen inside your own body. In fact, you are alive
only because of the many chemical reactions that constantly take place inside your cells.
What Is a Chemical Reaction?

A chemical reaction is a process in which some substances change into different substances. Substances that start
a chemical reaction are called reactants. Substances that are produced in the reaction are called products. Reactants
and products can be elements or compounds. Chemical reactions are represented by chemical equations, like the
one below, in which reactants (on the left) are connected by an arrow to products (on the right).
Reactants → Products
Chemical reactions may occur quickly or slowly. Look at the two pictures in the Figure 1.18. Both represent
chemical reactions. In the picture on the left, a reaction inside a fire extinguisher causes foam to shoot out of the
extinguisher. This reaction occurs almost instantly. In the picture on the right, a reaction causes the iron tool to turn
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FIGURE 1.18

to rust. This reaction occurs very slowly. In fact, it might take many years for all of the iron in the tool to turn to
rust.
Q: What happens during a chemical reaction? Where do the reactants go, and where do the products come from?
A: During a chemical reaction, chemical changes take place. Some chemical bonds break and new chemical bonds
form.

Same Atoms, New Bonds

The reactants and products in a chemical reaction contain the same atoms, but they are rearranged during the reaction.
As a result, the atoms are in different combinations in the products than they were in the reactants. This happens
because chemical bonds break in the reactants and new chemical bonds form in the products.
Consider the chemical reaction in which water forms from oxygen and hydrogen gases. The Figure 1.19 represents
this reaction. Bonds break in molecules of hydrogen and oxygen, and then new bonds form in molecules of water.
In both reactants and products there are four hydrogen atoms and two oxygen atoms, but the atoms are combined
differently in water.

FIGURE 1.19

Types of Chemical Reactions

The chemical reaction in the Figure 1.19, in which water forms from hydrogen and oxygen, is an example of a
synthesis reaction. In this type of reaction, two or more reactants combine to synthesize a single product. There
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are several other types of chemical reactions, including decomposition, replacement, and combustion reactions. The
Table 1.2 compares these four types of chemical reactions.

TABLE 1.2: Types of Chemical Reactions
Type of Reaction
Synthesis
Decomposition
Single Replacement
Double Replacement
Combustion

General Equation
A+B → C
AB → A + B
A+BC → B+ AC
AB+ CD → AD + CB
fuel + oxygen → carbon dioxide +
water

Example
2Na + Cl2 → 2NaCl
2H2 O →2H2 + O2
2K + 2H2 O → 2KOH + H2
NaCl+ AgF → NaF + AgCl
CH4 + 2O2 → CO2 + 2H2 O

Q: The burning of wood is a chemical reaction. Which type of reaction is it?
A: The burning of wood—or of anything else—is a combustion reaction. In the combustion example in the table,
the fuel is methane gas (CH4 ).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/185303

Energy In and Energy Out

All chemical reactions involve energy. Energy is used to break bonds in reactants, and energy is released when new
bonds form in products. In terms of energy, there are two types of chemical reactions: endothermic reactions and
exothermic reactions.
• In exothermic reactions, more energy is released when bonds form in products than is used to break bonds in
reactants. These reactions release energy to the environment, often in the form of heat or light.
• In endothermic reactions, more energy is used to break bonds in reactants than is released when bonds form
in products. These reactions absorb energy from the environment.
Q: When it comes to energy, which type of reaction is the burning of wood? Is it an endothermic reaction or an
exothermic reaction? How can you tell?
A: The burning of wood is an exothermic reaction. You can tell by the heat and light energy given off by a wood
fire.
Summary

• A chemical reaction is a process in which some substances, called reactants, change into different substances,
called products. During the reaction, chemical bonds break in the reactants and new chemical bonds form in
the products.
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• Types of chemical reactions include synthesis, decomposition, replacement, and combustion reactions.
• All chemical reactions involve energy. Exothermic reactions release more energy than they use. Endothermic
reactions use more energy than they release.
Review

1. What is a chemical reaction?
2. Write a general chemical equation that shows the relationship of products to reactants in a chemical reaction.
3. Contrast exothermic and endothermic chemical reactions.
Explore More

Watch Bill Nye the Science Guy demonstrate chemical reactions. Then answer the questions below.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/201

1. What did you observe when Bill Nye ran electrons through steel wool? What happened chemically in this
reaction? Is the reaction endothermic or exothermic?
2. Describe the reaction in which Bill Nye ran electrons through hydrogen and oxygen gases. How can you tell
that the reaction released energy?
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1.14 Chemical Change
Learning Objectives

• Define chemical change.
• Give examples of chemical changes.

Do you like to cook?

Cooking is a valuable skill that everyone should have. Whether it is fixing a simple grilled cheese sandwich or
preparing an elaborate meal, cooking demonstrates some basic ideas in chemistry. When you bake bread, you mix
some flour, sugar, yeast, and water together. After baking, this mixture has been changed to form bread, another
substance that has different characteristics and qualities from the original materials. The process of baking has
produced chemical changes in the ingredients that result in bread being made.
Chemical Change

Most of the elements we know about do not exist freely in nature. Sodium cannot be found by itself (unless we
prepare it in the laboratory) because it interacts easily with other materials. On the other hand, the element helium
does not interact with other elements to any extent. We can isolate helium from natural gas during the process of
drilling for oil.
A chemical change produces a different materials than the ones we started with. One aspect of the science of
chemistry is the study of the changes that matter undergoes. If all we had were the elements and they did nothing,
life would be very boring (in fact, life would not exist since the elements are what make up our bodies and sustain
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us). But the processes of change that take place when different chemicals are combined produce all the materials
that we use daily.
One type of chemical change (already mentioned) is when two elements combine to form a compound. Another
type involves the breakdown of a compound to produce the elements that make it up. If we pass an electric current
through bauxite (aluminum oxide, the raw material for aluminum metal), we get metallic aluminum as a product.

FIGURE 1.20
Electrolytic production of aluminum.

However, the vast majority of chemical changes involve one compound being transformed into another compound. There
are literally millions of possibilities when we take this approach to chemical change. New compounds can be made
to produce better fabrics that are easier to clean and maintain; they can help preserve food so it doesn’t spoil as
quickly; we can make new medicines to treat diseases; even products, such as airbags (as seen in the simulation
below), use a chemical change to improve the world around us.

SIMULATION
Click image to the left or use the URL below.
URL:

http://www.ck12.org/chemistry/gas-

stoichiometry/simulationint/Airbag

Further Reading

Chemical Reaction
Summary

• A chemical change produces a different materials than the ones we started with.
Review

1. What is a chemical change?
2. List three types of chemical changes.
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1.15 Chemical Symbols and Formulas
Learning Objectives

• Define chemical symbol.
• Define chemical formula.
• Give the Latin name for elements that use the Latin name for their symbol.

How do chess players monitor their moves in a game?

Suppose you were walking along and noticed a piece of paper on the ground with markings on it. You pick it up
and see the paper in the picture above.
To most people, these notes are meaningless (maybe they’re a secret spy code). But to a chess player, these symbols
tell the story of a chess game. Each abbreviation describes a chess piece or a move during the game. The use of
special symbols allows us to “see” the game without having to read a wordy and possibly incomplete description of
what happened.
Chemical Symbols and Formulas

In order to illustrate chemical reactions and the elements and compounds involved in them, chemists use symbols
and formulas. A chemical symbol is a one-or two-letter designation of an element. Some examples of chemical
symbols are "O" for oxygen, "Zn" for zinc, and "Fe" for iron. The first letter of a symbol is always capitalized. If the
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FIGURE 1.21
Chess game.

symbol contains two letters, the second letter is lower case. The majority of elements have symbols that are based
on their English names. However, some of the elements that have been known since ancient times have maintained
symbols that are based on their Latin names, as shown in Table 1.3.

TABLE 1.3: Symbols and Latin Names for Elements
Chemical Symbol
Na
K
Fe
Cu
Ag
Sn
Sb
Au
Pb

Name
sodium
potassium
iron
copper
silver
tin
antimony
gold
lead

Latin Name
natrium
kalium
ferrum
cuprum
argentum
stannum
stibium
aurum
plumbum

Compounds are combinations of two or more elements. A chemical formula is an expression that shows the
elements in a compound and the relative proportions of those elements. Water is composed of hydrogen and oxygen
in a two to one ratio. The chemical formula for water is H2 O. Sulfuric acid is one of the most widely produced
chemicals in the Unites States and is composed of the elements hydrogen, sulfur, and oxygen. The chemical formula
for sulfuric acid is H2 SO4 .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184166

Chemical symbols and formulas are used in everyday life by doctors, engineers, researchers and more. Many of the
products we use everyday have chemicals in them. See how chemical symbols and formulas are used to represent
49
the reaction happening inside a car airbag – a product that uses chemistry to make our lives much safer!

1.15. Chemical Symbols and Formulas

www.ck12.org

Summary

• A chemical symbol is a one- or two-letter designation of an element.
• Compounds are combinations of two or more elements.
• A chemical formula is an expression that shows the elements in a compound and the relative proportions of
those elements.
• Many elements have symbols that derive from the Latin name for the element.
Review

1.
2.
3.
4.

What is a chemical symbol?
What is a chemical formula?
How many hydrogen atoms are in one molecule of the compound C12 H22 O11 ?
What is the Latin name for the element potassium?

Vocabulary

• chemical formula: An expression that shows the elements in a compound and the relative proportions of
those elements.
• chemical symbol: A one- or two-letter designation of an element.
• compound: Are combinations of two or more elements.
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1.16 Chemical Properties and Chemical
Reactions
Learning Objectives

•
•
•
•

Define chemical property.
Give examples of chemical properties.
Define chemical reaction.
Give examples of chemical reactions.

Have you ever left your bicycle out in the rain?
It’s not a good idea because the bicycle can soon begin to rust. You start to get a reddish-orange build-up of a rough
deposit on the metal. It may start with the chain, but can spread to other parts of the bicycle, especially if there are
scratches that create a bare metal surface. The formation of rust is a chemical process that takes place when iron is
exposed to water and oxygen. It is estimated that damage due to rust costs U.S. businesses, military, and government
over 276 billion dollars a year - a very expensive chemical process.

Chemical Properties

A chemical property describes the ability of a substance to undergo a specific chemical change. A chemical
property of iron is that it is capable of combining with oxygen to form iron oxide, the chemical name of rust. The
more general term for rusting and other similar processes is corrosion. Other terms that are commonly used in
descriptions of chemical changes are burn, rot, explode, decompose, and ferment. Chemical properties are very
useful in identifying substances. However, unlike physical properties, chemical properties can only be observed as
the substance is in the process of being changed into a different substance.
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Chemical Change

A chemical change is also called a chemical reaction. A chemical reaction is a process that occurs when one or
more substances are changed into one or more new substances. Zinc (Zn) is a silver gray element that can be ground
into a powder. If zinc is mixed at room temperature with powdered sulfur (S), a bright yellow element, the result will
simply be a mixture of zinc and sulfur. No chemical reaction occurs. However, if energy is provided to the mixture
in the form of heat, the zinc will chemically react with the sulfur to form the compound zinc sulfide (ZnS). The
figure below shows the substances involved in this reaction.

FIGURE 1.22
Zinc and sulfur are two elements that undergo a chemical reaction when heated to from the compound zinc
sulfide.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184168

Use this simulation to visualize how molecules interact during chemical reactions. You can also practice balancing
the reactants and products.

SIMULATION
Click image to the left or use the URL below.
URL:

http://www.ck12.org/chemistry/balancing-

equations/simulationint/Balancing-Chemical-Equations

52

www.ck12.org

Chapter 1. Matter and Change

Further Reading

Chemical Reaction
Reactants and Products
Summary

• A chemical property describes the ability of a substance to undergo a specific chemical change.
• A chemical reaction is a process that occurs when one or more substances are changed into one or more new
substances.
Review

1.
2.
3.
4.

What is a chemical property?
What is a chemical reaction?
When can we observe a chemical property?
Is freezing water a chemical property?

Vocabulary

• chemical property: Describes the ability of a substance to undergo a specific chemical change.
• chemical reaction: A process that occurs when one or more substances are changed into one or more new
substances.
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1.17 Reactants and Products
Learning Objectives

• Define chemical equation.
• Define reactant.
• Define product.

What would you do without a computer?

Over the last few decades, computers have proven to be extremely useful tools for organizing and processing
information. You put data into the computer (such as the structural parameters of a compound) and your output can
be a detailed diagram of how that molecule looks in three dimensions. The computer and its programs transform
input data into a useful final product.
Chemical Equation

The reaction between zinc and sulfur can be shown in what is called a chemical equation. In words, we could write
the reaction as:
zinc + sulfur → zinc sulfide
The more convenient way to express a chemical reaction is to use the symbols and formulas of the substances
involved:
Zn + S → ZnS
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The substance(s) to the left of the arrow in a chemical equation are called reactants. A reactant is a substance that
is present at the start of a chemical reaction. The substance(s) to the right of the arrow are called products. A
product is a substance that is present at the end of a chemical reaction. In the equation above, the zinc and sulfur
are the reactants that chemically combine to form the zinc sulfide product.
There is a standard way of writing chemical equations. The reactants are all written on the left-hand side of the
equation, with the products on the right-hand side. An arrow points from the reactants to the products to indicate
the direction of the reaction:
reactants → products
When appropriate, a symbol may be written above or below the arrow to indicate some special circumstance. The
symbol "∆" is often used to indicate that the reaction is to be heated.
The presence of the arrow also indicates that the reaction goes in one direction under the conditions indicated. There
are reactions which can be easily reversed, but we will not take those up right now.
There are a wide variety of reactions possible: elements may form compounds (as seen in the reaction above),
compounds may form elements (water will break down in the presence of an electric current to form hydrogen gas
and oxygen gas) or compounds may combine, break apart, or rearrange to form new materials.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184171

Visualize how molecules interact during chemical reactions and practice balancing reactants and products with this
simulation:

SIMULATION
Click image to the left or use the URL below.
URL:

http://www.ck12.org/chemistry/balancing-

equations/simulationint/Balancing-Chemical-Equations

Further Reading

Chemical Change

Summary

• A chemical equation describes a chemical reaction.
• Reactants are starting materials and are written on the left-hand side of the equation.
• Products are the end-result of the reaction and are written on the right-hand side of the equation.
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Review

1.
2.
3.
4.

What is a reactant?
What is a product?
What does a chemical equation do?
In the reaction sodium + water → sodium hydroxide + hydrogen,
a. what are the reactants?
b. what are the products?

Vocabulary

• chemical equation: Describes a chemical reaction.
• product: Are the end-result of the reaction and are written on the right-hand side of the equation.
• reactant: Starting materials and are written on the left-hand side of the equation.
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1.18 Recognizing Chemical Reactions
Learning Objectives

• Describe ways a chemical reaction can be recognized.

Have you ever cooked a pizza?
Making a pizza can be as easy as buying a “take and bake” from a store and putting it in the oven to mixing up the
dough and loading it up with your favorite toppings before baking it. How do you know when it is done? The most
obvious sign is that the crust turns light brown. The dough is no longer flexible, but much more solid. Maybe the
cheese has melted. You want the pizza to be cooked, not half-raw.

Recognizing Chemical Reactions

How can you tell if a chemical reaction is taking place? There are four visual clues that indicate that a chemical
reaction is likely occurring.
1.
2.
3.
4.

A change of color occurs during the reaction.
A gas is produced during the reaction.
A solid product called a precipitate is produced in the reaction.
A transfer of energy occurs as a result of the reaction.
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Mercury(II) oxide is a red solid. When it is heated to a temperature above 500◦ C, it easily decomposes into mercury
and oxygen gas. The red color of the mercury oxide reactant becomes the silver color of mercury. The color change
is the sign that the reaction is occurring.

FIGURE 1.23
Mercuric oxide.

FIGURE 1.24
Mercury metal.

When zinc reacts with hydrochloric acid, the reaction bubbles vigorously as hydrogen gas is produced. The production of a gas is also an indication that a chemical reaction is occurring.

FIGURE 1.25
Zinc reacting with hydrochloric acid produces bubbles of hydrogen gas.

When a colorless solution of lead(II) nitrate is added to a colorless solution of potassium iodide, a yellow solid called
a precipitate is instantly produced. A precipitate is a solid product that forms from a reaction and settles out of a
liquid mixture. The formation of a precipitate is an indication of a chemical reaction.
All chemical changes involve a transfer of energy. When zinc reacts with hydrochloric acid, the test tube becomes
very warm as energy is released during the reaction. Some other reactions absorb energy. While energy changes are
a potential sign of a chemical reaction, care must be taken to ensure that a chemical reaction is indeed taking place.
Physical changes also involve a transfer of energy. Melting of a solid absorbs energy, while the condensation of a
gas releases energy. The only way to be certain that a chemical reaction has taken place is to test the composition of
the substances after the change has taken place to see if they are different from the starting substances.
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FIGURE 1.26
A yellow precipitate of solid lead(II) iodide forms immediately when solutions of
lead(II) nitrate and potassium iodide are
mixed.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/184172

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/178849

Chemical reactions happen all around us and are often responsible for making products that we use everyday.
The chemical reactions that happen in this simulation make our world a safer place by protecting passengers in
automobiles:

SIMULATION
Click image to the left or use the URL below.
URL:

http://www.ck12.org/chemistry/gas-

stoichiometry/simulationint/Airbag
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Summary

• There are four visual clues that indicate that a chemical reaction is likely occurring.
–
–
–
–

A change of color occurs during the reaction.
A gas is produced during the reaction.
A solid product called a precipitate is produced in the reaction.
A transfer of energy occurs as a result of the reaction.

Review

1. What was the color change when mercury (II) oxide was heated?
2. What happened when zinc metal was mixed with hydrochloric acid?
3. What happens when lead nitrate and potassium iodide are mixed?
Vocabulary

• chemical reaction: Involves a transfer of energy. There are four visual clues to indicate a chemical reaction.
• gas: A state of matter that is air-like, with a low density and viscosity.
• precipitate: A substance that is created from a precipitation reaction.
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