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4

Section

4

The Cell in Its
Environment

Objectives
After this lesson, students will be able to
C.1.4.1 Describe how most small molecules
cross the cell membrane.
C.1.4.2 Explain why osmosis is important to
cells.
C.1.4.3 Tell the difference between passive
transport and active transport.

The Cell in Its
Environment

Reading Preview
Key Concepts

How Do Molecules Move?

• How do most small molecules

1. Stand with your classmates in locations that are evenly spaced
throughout the classroom.
2. Your teacher will spray an air freshener into the room. When
you ﬁrst smell the air freshener, raise your hand.
3. Note how long it takes for other students to smell the scent.

cross the cell membrane?

• Why is osmosis important to
cells?

• What is the difference between
passive transport and active
transport?

Target Reading Skill

Key Terms

Building Vocabulary Explain that
knowing the definitions of key terms helps
students understand what they read.

• selectively permeable
• diffusion • osmosis
• passive transport
• active transport

Answers
Have students write what they know about
each Key Term before reading the definitions
in the section. Explain that connecting what
they already know about Key Terms helps
them to remember the terms. As they read
each passage that contains Key Terms,
remind them to write the definitions in their
own words.

Target Reading Skill
Building Vocabulary
A deﬁnition states the meaning of
a word or phrase. After you read
the section, reread the paragraphs
that contain deﬁnitions of Key
Terms. Use all the information you
have learned to write a deﬁnition
of each Key Term in your own
words.

Think It Over
Developing Hypotheses How was each student’s distance from
the teacher related to when he or she smelled the air freshener?
Develop a hypothesis about why this pattern occurred.

As darkness fell, the knight urged his horse toward the castle.
The weary knight longed for the safety of the castle, with its
thick walls of stone and strong metal gates. The castle’s gatekeeper opened the gates and slowly lowered the drawbridge.
The horse clopped across the bridge, and the knight sighed
with relief. Home at last!
Like ancient castles, cells have structures that protect their
contents from the world outside. All cells are surrounded by a
cell membrane that separates the cell from the outside environment. The cell membrane is selectively permeable, which
means that some substances can pass through the membrane
while others cannot.

Preteach
Build Background
Knowledge

L1

Comparing a Membrane to a Sieve
Ask: Why might you use a sieve or
colander? (Possible answers: Strain lumps out
of gravy or drain vegetables or pasta.) What
do these things have in common? (They use
a filter to separate large from small particles or
solids from liquids.) Tell students that the cell
membrane also acts like a filter. It allows
some substances, but not others, to pass in
and out of the cell.
Skills Focus Developing hypotheses L1
Materials air freshener spray
Time 5 minutes
Tips Spray the air freshener up or down
rather than in the direction of students.
Expected Outcome The spray will
diffuse evenly throughout the classroom,
reaching students at the same distance
from the source at about the same time.

Think It Over The farther each student is
from the teacher, the longer it takes for the
student to smell the air freshener. Students
may hypothesize that particles in the spray
moved from an area of higher
concentration to an area of lower
concentration.

sx05_TE_c01C.fm Page 33 Monday, July 19, 2004 7:15 PM

Cells, like castles, must let things enter and leave. Cells
must let in needed materials, such as oxygen and food
molecules. In contrast, waste materials must move out of cells.
Oxygen, food molecules, and waste products all must pass
through the cell membrane.

Diffusion
Substances that can move into and out of a cell do so by one
of three methods: diffusion, osmosis, or active transport.
Diffusion is the main method by which small molecules
move across the cell membrane. Diffusion (dih FYOO zhun)
is the process by which molecules move from an area of
higher concentration to an area of lower concentration. The
concentration of a substance is the amount of the substance
in a given volume. For example, suppose you dissolve 1 gram
of sugar in 1 liter of water. The concentration of the sugar
solution is 1 gram per liter.
If you did the Discover activity, you observed diffusion in
action. The area where the air freshener was sprayed had many
molecules of freshener. The molecules gradually moved from
this area of higher concentration to the other parts of the classroom, where there were fewer molecules of freshener—and
thus a lower concentration.

Instruct
Ratios
The concentration of a
solution can be expressed as
a ratio. A ratio compares two
numbers. It tells you how
much you have of one item
in comparison to another. For
example, suppose you dissolve 5 g of sugar in 1 L of
water. You can express the
concentration of the solution
in ratio form as 5 g : 1 L, or
5 g/L.
Practice Problem Suppose
you dissolve 7 g of salt in 1 L
of water. Express the concentration of the solution as
a ratio.

What Causes Diffusion? Molecules are always moving. As
they move, the molecules bump into one another. The more
molecules there are in an area, the more collisions there will be.
Collisions cause molecules to push away from one another.
Over time, the molecules of a substance will continue to spread
out. Eventually, they will be spread evenly throughout the area.

Diffusion
Teach Key Concepts

L2

Diffusion Across a Cell Membrane
Focus Remind students that all cells have a
cell membrane.
Teach Ask: What is the main way small
molecules move across the cell membrane?
(Diffusion) In what direction do molecules
move during diffusion? (Molecules move
from an area of higher concentration to an
area of lower concentration.)
Apply Ask: Suppose a permeable
membrane separates salt solutions with
concentrations of 5 g/L and 7 g/L. Which
way will the salt diffuse across the
membrane? (The salt will diffuse from
the side that has 7 g/L to the side that has
5 g/L.) learning modality: logical/
mathematical

Teaching Resources

• Transparency C8

Cell membrane
FIGURE 22
A Selective Barrier
The walls of a castle protected the
inhabitants within, and the castle
gatekeeper allowed only certain people
to pass through. Similarly, the cell
membrane protects the contents of the
cell and helps control the materials that
enter and leave.
Protected contents of cell

Math Skill Ratios
Focus Remind students that ratios can
compare parts to a whole.
Teach Point out that concentrations that are
written in fraction form often express the
ratio of the mass of the solute to the volume
of the solvent.
Answer
7 g : 1 L or 7 g/L

Independent Practice
Teaching Resources

• Guided Reading and Study Worksheet:
The Cell in Its Environment
Student Edition on Audio CD

Differentiated Instruction
L1
L2
Less Proficient Readers
Making a Chart Have students make
a chart with three headings: Diffusion,
Osmosis, and Active Transport. As they read
the section, have students write notes
about each process in the chart, paying
attention to the relationships among the
three topics. learning modality: visual

L3
L2
Gifted and Talented
Extending the Topic Ask students
what happens in a cell once the
concentrations of molecules inside and
outside the cell are equal. Have students
research and write about the concept of
dynamic equilibrium. (Molecules continue
to move into and out of a cell, but the
numbers entering and leaving are equal.)

learning modality: logical/mathematical

Monitor Progress
Drawing Have students make a drawing
that explains diffusion. Students
can save their drawings in their
portfolios.

L2
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PHSchool.com

For: More on cellular
transport
Visit: PHSchool.com
Web Code: ced-3014

Students can review cellular transport in an online
interactivity.

Help Students Read

L2

Outlining This section provides students
with an excellent opportunity to practice
outlining skills. Tell students to write the
heads and subheads, leaving room between
each one. As they read, they can list details
under each subhead.

L3
L2

Observing Diffusion

Before Diffusion
There is a higher concentration of oxygen
molecules outside the cell than inside the cell.
FIGURE 23

Diffusion in Action
Molecules move by diffusion from
an area of higher concentration to
an area of lower concentration.
Predicting What would happen if
the concentration of oxygen
molecules outside the cell was
lower than inside the cell?

Materials cornstarch, 2 cups, iodine, plastic
dropper, resealable plastic bag, tablespoon,
water
Time 10 minutes
Focus Remind students that iodine turns
purple in the presence of starch.
Teach Explain that iodine molecules are
small enough to move through plastic, but
starch molecules are too large. Have students
stir a tablespoon of cornstarch into half a
cup of water and pour the mixture into a
plastic bag. Seal the bag, rinse it, and place it
in a clean cup half full of water. Add 20 drops
of iodine to the water in the cup. Later,
observe the cup and its contents. Ask: Why
did the water in the bag turn purple?
(Iodine molecules passed through the plastic
into the bag and interacted with the starch.)
Why didn’t the water in the cup turn
purple? (The starch molecules were too big to
pass through the bag.)
Apply Ask: How is this activity a model for
a cell? (The bag is like a cell membrane.)
learning modality: visual

After Diffusion
The concentration of oxygen molecules
is the same outside and inside the cell.

Diffusion of Oxygen Have you ever used a microscope to
observe one-celled organisms in pond water? These organisms
obtain the oxygen they need to survive from the water around
them. Luckily for them, there are many more molecules of oxygen in the water outside the cell than there are inside the cell.
In other words, there is a higher concentration of oxygen molecules in the water than inside the cell. Remember that the cell
membrane is permeable to oxygen molecules. The oxygen
molecules diffuse from the area of higher concentration—the
pond water—through the cell membrane to the area of lower
concentration—the inside of the cell.
By what process do small molecules move into cells?

Osmosis
Like oxygen, water passes easily into and out of cells through
the cell membrane. Osmosis is the diffusion of water
molecules through a selectively permeable membrane. Because
cells cannot function properly without adequate water, many
cellular processes depend on osmosis.

PHSchool.com

For: More on cellular transport
Visit: PHSchool.com
Web Code: ced-3014

Osmosis and Diffusion Remember that molecules tend to
move from an area of higher concentration to an area of lower
concentration. In osmosis, water molecules move by diffusion
from an area where they are highly concentrated through the
cell membrane to an area where they are less concentrated.
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Effects of Osmosis Osmosis can have important conse-

quences for the cell. Look at Figure 24 to see the effect of
osmosis on cells. In Figure 24A, a red blood cell is bathed in a
solution in which the concentration of water is the same as it is
inside the cell. This is the normal shape of a red blood cell.
Contrast this shape to the cell in Figure 24B. The red blood
cell is floating in water that contains a lot of salt. The concentration of water molecules outside the cell is lower than the
concentration of water molecules inside the cell. This difference in concentration occurs because the salt takes up space in
the salt water. Therefore, there are fewer water molecules in the
salt water outside the cell compared to the water inside the cell.
As a result, water moves out of the cell by osmosis. When water
moves out, cells shrink.
In Figure 24C, the red blood cell is floating in water that
contains a very small amount of salt. The water inside the cell
contains more salt than the solution outside the cell. Thus, the
concentration of water outside the cell is greater than it is inside
the cell. The water moves into the cell, causing it to swell.
How is osmosis related to diffusion?

Osmosis
Diffusion in Action
Here’s how you can observe
the effects of diffusion.
1. Fill a small, clear plastic
cup with cold water. Place
the cup on the table and
allow it to sit until there is
no movement in the
water.
2. Use a plastic dropper to
add one large drop of
food coloring to the water.
3. Observe the water every
minute. Note any changes
that take place. Continue
to observe until you can
no longer see any changes.
Inferring What role did
diffusion play in the changes
you observed?

FIGURE 24

Effects of Osmosis on Cells
In osmosis, water diffuses through a
selectively permeable membrane.

L2

The Importance of Osmosis
Focus Point out that one of the substances
that must move across a cell membrane is
water.
Teach Ask: What is osmosis? (The diffusion
of water molecules through a selectively
permeable membrane) Why is it important?
(Cells cannot function properly without
adequate water.) Refer students to Figure 24.
Ask a student volunteer to read the passage
Effects of Osmosis while the class follows by
examining the visuals. Then ask: Is the cell
in A gaining or losing water? (Neither—the
concentration is equal inside and outside.)
In B, which side of the cell has a higher
concentration of water molecules? (Inside
the cell) What might eventually happen to
the cell in C? (The cell might eventually burst
as it continued to fill with more water.)
Apply Ask: Why can’t people drink large
amounts of salt water? (The salt water causes
water to move out of body cells.) learning
modality: logical/mathematical

Water
molecules

Teaching Resources

• Transparency C9

Cell membrane

A Normal Red Blood Cell
Concentration of water
inside the cell is the
same as outside.

Teach Key Concepts

C High Water Concentration
Outside Cell
During osmosis, water
moves into the cell.

B Low Water Concentration
Outside Cell
Water moves out of
the cell during osmosis.

Monitor Progress

L2

Skills Check Have students compare and
contrast diffusion and osmosis.

L1
Skills Focus Inferring
Materials cold water; food coloring;
small, clear plastic cup; plastic dropper
Time 10 minutes
Expected Outcome The large drop of
food coloring will diffuse throughout the
water in the cup, causing the water to
become evenly shaded.

Extend Have students predict how
changing the parameters of the experiment
would affect the outcome. Ask: How would
the results of the activity be different if you
were to use a larger amount of water?
(Diffusion would take longer; the water would
turn a lighter shade.) Allow students to test
their predictions. learning modality:
logical/mathematical

Answers
Figure 23 The oxygen molecules inside
would diffuse out.
Diffusion

Diffusion is the proccess by
which small molecules move
from an area of higher concentration to an
area of lower concentration; osmosis is the
diffusion of water molecules through a
selectively permeable membrane.
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Active Transport

Active Transport
Teach Key Concepts

L2

Comparing Active and Passive
Transport
Focus Have students think about the words
active, passive, and transport. Ask: What are
some ways you have heard all or parts of
these words used? (Possible answers are
activity, passive smoke, and transportation.)
Teach Refer students to Figure 25. Ask:
What are two different types of passive
transport? (Diffusion and osmosis) What is
different about the movement of molecules
using active transport? (It requires cellular
energy, while passive transport does not.)
When would active transport be used?
(When a cell needs to take in a substance that
is in a higher concentration inside the cell than
outside) Which method of active transport
is shown in the illustration? (Transport
proteins in the cell membrane pick up
molecules outside the cell and carry them in.)
What other method is used in active
transport? (The cell membrane engulfs a
particle, then pinches off and forms a vacuole
within the cell.)
Apply Have students draw a Venn diagram
that relates active and passive transport.
(Diagrams should show that active transport
requires cellular energy and passive transport
does not. The overlap area should indicate that
in both processes, materials move in and out of
cells.) learning modality: visual

Passive Transport
In passive transport, materials pass
through the cell membrane without
requiring the cell's energy.

High concentration
Low
concentration

Inside
of Cell

Outside
of Cell

Transport Proteins Cells have several ways

Active Transport
Active transport requires the cell's
energy. Transport proteins move
materials across the cell membrane.
Transport
protein

Low
concentration

High concentration

If you have ever ridden a bicycle down a long
hill, you know that it doesn’t take any of your
energy to go fast. But you do have to use
some of your energy to pedal back up the
hill. For a cell, moving materials through the
cell membrane by diffusion and osmosis is
like cycling downhill. These processes do not
require the cell to use its own energy. The
movement of dissolved materials through a
cell membrane without using cellular energy
is called passive transport.
What if a cell needs to take in a substance
that is present in a higher concentration
inside the cell than outside? The cell would
have to move the molecules in the opposite
direction than they naturally move by diffusion. Cells can do this, but they have to use
energy—just as you would use energy to
pedal back up the hill. Active transport is
the movement of materials through a cell
membrane using cellular energy. Active
transport requires the cell to use its own
energy, while passive transport does not.
of moving materials by active transport. In
one method, transport proteins in the cell
membrane “pick up” molecules outside the
cell and carry them in, using energy.
Figure 25 illustrates this process. Transport
proteins also carry molecules out of cells in a
similar way. Some substances that are carried into and out of cells in this way include
calcium, potassium, and sodium.

Teaching Resources

• Transparency C10

Energy

FIGURE 25

Passive and Active Transport
Cell membrane

Passive and active transport are two
processes by which materials pass
through the cell membrane.
Interpreting Diagrams What is the
function of a transport protein?

Differentiated Instruction
L1
Special Needs
Modeling Active and Passive
Transport Provide students with a small
board, stack of books, and a toy car. Help
pairs of students to model active and
passive transport, or model for them. (The
most likely way is to make an inclined plane
with the board and books, and then to roll
the toy car down the ramp to simulate
passive transport and push it up the ramp to

simulate active transport.) Ask: Why do
you need to supply energy to move the
toy car up the ramp? (To overcome the force
of gravity) Ask: Why is energy needed to
actively transport some substances into
the cell? (To move the substances from an
area of lower to an area of higher
concentration) learning modality:
kinesthetic

sx05_TE_c01C.fm Page 37 Wednesday, July 21, 2004 5:43 PM

Transport by Engulfing Figure 26 shows another method
of active transport. First, the cell membrane surrounds and
engulfs, or encloses, a particle. Once the particle is
engulfed, the cell membrane wraps around the particle
and forms a vacuole within the cell. The cell must use
energy in this process.
Why Cells Are Small As you know, most cells are
so small that you cannot see them without a microscope. Have you ever wondered why cells are so small? One
reason is related to how materials move into and out of cells.
As a cell’s size increases, more of its cytoplasm is located farther from the cell membrane. Once a molecule enters a cell, it is
carried to its destination by a stream of moving cytoplasm, somewhat like the way currents in the ocean move a raft. But in a very
large cell, the streams of cytoplasm must travel farther to bring
materials to all parts of the cell. It would take much longer for a
molecule to reach the center of a very large cell than it would in a
small cell. Likewise, it would take a long time for wastes to be
removed. If a cell grew too large, it could not function well
enough to survive.

Monitor Progress

FIGURE 26
Amoeba Engulﬁng Food
This single-celled amoeba is
surrounding a smaller organism.
The amoeba will engulf the
organism and use it for food.
Engulﬁng is a form of active
transport.

What prevents cells from growing very large?

4

Section 4 Assessment

Target Reading Skill Building Vocabulary Use your
definitions to help answer the questions below.
Reviewing Key Concepts
1. a. Deﬁning What is diffusion?
b. Relating Cause and Effect Use diffusion to explain

what happens when you drop a sugar cube into a mug
of hot tea.
2. a. Deﬁning What is osmosis?
b. Describing Describe how water molecules move
through the cell membrane during osmosis.
c. Applying Concepts A selectively permeable membrane
separates solutions A and B. The concentration of water
molecules in Solution B is higher than that in Solution A.
Describe how the water molecules will move.
3. a. Comparing and Contrasting How is active transport
different from passive transport?
b. Reviewing What are transport proteins?
c. Explaining Explain why transport proteins require
energy to function in active transport.

A scientist dissolves 60 g of sugar in
3 L of water.
4. Calculating a Concentration
Calculate the concentration of
the solution in grams per liter.
5. Ratios Express the concentration
as a ratio.

Answers
Figure 25 A transport protein uses energy
to pick up molecules outside the cell and
bring them into the cell, or to carry them out
in a similar way.
If cells were very large, it
would take much longer for
molecules entering the cell to reach the
center of the cell and for wastes to be
removed.

Assess
Reviewing Key Concepts
1. a. The process by which molecules move
from an area of higher concentration to an
area of lower concentration b. The sugar
molecules dissolve and move from the area
near the cube, where the sugar concentration
is high, to the rest of the tea, where the
concentration is lower.
2. a. The diffusion of water molecules
through a selectively permeable membrane
b. Water molecules move from the side of
the cell membrane with a higher
concentration of water to the side with a
lower concentration of water. c. Water
molecules move by osmosis from B to A.
3. a. Active transport requires cellular
energy; passive transport does not.
b. Proteins in the cell membrane that carry
molecules from outside the cell to inside
using energy c. Transport proteins transport
molecules from low concentration to high
concentration, which requires energy.
4. 20 g/L 5. 60 g : 3 L or 20 g : 1 L

Reteach

L1

Have students summarize the three ways
substances can move into and out of a cell
and tell whether each requires the cell to use
energy.
Teaching Resources

Keep Students on Track Encourage
students to think about how their eggs have
changed and how different substances
affected the eggs. Have them make graphs
that show their eggs’ changing
circumferences on one axis and the
dates they were measured on the other,
and indicate on their graphs what liquid
the eggs were soaking in each day.

L2

• Section Summary: The Cell in Its
Environment
• Review and Reinforce: The Cell in Its
Environment
• Enrich: The Cell in Its Environment

