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Section

1

Photosynthesis

1

Photosynthesis

Reading Preview

Objectives
After this lesson, students will be able to
C.2.1.1 Explain how the sun supplies living
things with the energy they need.
C.2.1.2 Describe what happens during the
process of photosynthesis.

Key Concepts
• How does the sun supply living
things with the energy they
need?

• What happens during the process
of photosynthesis?

Key Terms

Target Reading Skill
Sequencing Explain that organizing
information from beginning to end helps
students understand a step-by-step process.
Answer
One possible way to complete the flowchart
is to place the following sentence in the third
bar: Cells use the energy to produce sugars
and oxygen from water and carbon dioxide.
Teaching Resources

• photosynthesis • autotroph
• heterotroph • pigment
• chlorophyll • stomata

Target Reading Skill
Sequencing A sequence is the
order in which the steps in a
process occur. As you read, create a
flowchart that shows the steps in
photosynthesis. Put each step in a
separate box in the flowchart in
the order in which it occurs.
Steps in Photosynthesis

• Transparency C12

Sunlight strikes leaf.

Preteach
Build Background
Knowledge

Chlorophyll captures
light energy.

L1

Care of Houseplants
Ask: How many of you have houseplants in
your home? Most will probably say they do.
Where are houseplants usually placed?
(Near a window or under plant lights) What
happens if a houseplant doesn’t get enough
light? (They lose their leaves, turn yellow, and
may die.) Why do plants need light? Some
students may know that plants use light
energy to make food. Accept all responses
without comment at this time.

Where Does the Energy Come From?
1. Obtain a solar-powered calculator that does not use batteries.
Place the calculator in direct light.
2. Cover the solar cells with your finger. Note how your action
affects the number display.
3. Uncover the solar cells. What happens to
the number display?
4. Now cover all but one of the solar cells.
How does that affect the number display?
Think It Over
Inferring From your observations, what can
you infer about the energy that powers the
calculator?

On a plain in Africa, a herd of zebras peacefully eat the grass.
But watch out—the zebras’ grazing will soon be harshly interrupted. A group of lions is about to attack the herd. The lions
will kill one of the zebras and eat it.
Both the zebras and the lions use the food they eat to obtain
energy. Every living thing needs energy. All cells need energy to
carry out their functions, such as making proteins and transporting substances into and out of the cell. The zebra’s meat
supplies the lion’s cells with the energy they need, just as the
grass provides the zebra’s cells with energy. But plants and certain other organisms, such as algae and some bacteria, obtain
their energy in a different way. These organisms use the energy
in sunlight to make their own food.

L1
Skills Focus Inferring
Materials solar-powered calculator that
does not use batteries
Time 5 minutes
Tips If necessary, show students where the
solar cells are located on the calculator.
Expected Outcome When all the solar
cells are covered, the number display

should go blank. When all but one of the
solar cells are covered, the number display
should flicker and fade.
Think It Over Energy to power the
calculator comes from sunlight.
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The sun is the source
of energy for most
living things.

Instruct

Sources of Energy

Plants such as grass
use energy from the
sun to make their
own food.

FIGURE 1
Energy From the Sun
The sun supplies energy for most
living things, directly or indirectly.
Relating Cause and Effect How does
sunlight provide food for the zebra?

Teach Key Concepts
The zebra
obtains energy by
eating grass.

Sources of Energy
The process by which a cell captures energy in sunlight and uses it
to make food is called photosynthesis (foh toh SIN thuh sis). The
term photosynthesis comes from the Greek words photo, which
means “light,” and synthesis, which means “putting together.”
Nearly all living things obtain energy either directly or
indirectly from the energy of sunlight captured during
photosynthesis. Grass obtains energy directly from sunlight,
because it makes its own food during photosynthesis. When the
zebra eats the grass, it gets energy that has been stored in the
grass. Similarly, the lion obtains energy stored in the zebra. The
zebra and lion both obtain the sun’s energy indirectly, from the
energy that the grass obtained through photosynthesis.
Plants manufacture their own food through the process of
photosynthesis. An organism that makes its own food is called an
autotroph (AWT oh trahf). An organism that cannot make its
own food, including animals such as the zebra and the lion, is
called a heterotroph (HET ur oh trahf). Many heterotrophs
obtain food by eating other organisms. Some heterotrophs, such
as fungi, absorb their food from other organisms.
What are autotrophs?

The lion obtains
energy by feeding
on the zebra.

L2

Photosynthesis and Food Chains
Focus Tell students that light energy from
the sun is changed into chemical energy that
is stored in food.
Teach Ask: How do autotrophs get their
food? (They make their own food using
sunlight and photosynthesis.) How does the
sun supply heterotrophs with energy?
(Heterotrophs get energy by eating plants or
other animals that eat plants. The plants get
their energy from sunlight, so heterotrophs get
their energy from sunlight indirectly.)
Apply Ask: Why are autotrophs sometimes
referred to as producers and heterotrophs
as consumers? (Autotrophs produce, or make
food. Heterotrophs consume, or eat the food;
they cannot make the food.) learning
modality: verbal

Teaching Resources
FIGURE 2
Autotrophs and Heterotrophs
Grass, which makes its own food
during photosynthesis, is an
autotroph. Zebras and lions are
heterotrophs, because they cannot
make their own food.

• Transparency C13

Independent Practice

L2

Teaching Resources

• Guided Reading and Study
Worksheet: Photosynthesis
Student Edition on Audio CD

Differentiated Instruction
L1
Special Needs
Understanding Visuals Ask: How are
each of the organisms pictured at the top
of the page related to one another? (Each
organism relies on the organism or energy
source to its left to meet its energy needs.)
Point out that the drawings of the organisms are
set in circles shaped like the cogs of a machine.
Explain that each cog in a machine depends on

the one next to it in order to turn and allow the
machine to function. If possible, show part of an
actual mechanical device that has gears. Why
do you think the artist chose to show each
organism in a cog? (Like cogs in a machine,
the organisms depend on one another to
function.) learning modality: visual

Monitor Progress

L2

Oral Presentation Call on students to
identify several organisms that are
autotrophs and some that are heterotrophs.
Answers
Figure 1 The zebra eats grass, which uses
energy from sunlight to make its own food.

Organisms that make their
own food
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The Two Stages of Photosynthesis

The Two Stages of
Photosynthesis
For: The photosynthesis
process
Visit: PHSchool.com
Web Code: cep-1042

Photosynthesis is a complex process. During photosynthesis,
plants and some other organisms use energy from the sun to
convert carbon dioxide and water into oxygen and sugars.
The process of photosynthesis is shown in Figure 3. You
can think of photosynthesis as taking place in two stages:
capturing the sun’s energy and producing sugars. You’re probably
familiar with many two-stage processes. To make a cake, for
example, the first stage is to combine the ingredients to make the
batter. The second stage is to bake the batter. To get the desired
result—the cake—both stages must occur in the correct order.

For: The Photosynthesis Process
Visit: PHSchool.com
Web Code: cep-1042

Students can review photosynthesis in an online
interactivity.

Help Students Read

L2

Visualizing Refer to the Content Refresher
for guidelines on visualizing. Have students
close their eyes and form mental pictures as
you slowly read aloud The Two Stages of
Photosynthesis. Ask them to think about the
role of the different parts of a plant. Then
have students look at Figure 3 and see how it
compares with their visualizing. Point out
that visualizing text helps readers
understand what they are reading.

Teach Key Concepts

Stage 1

Stage 2

Chloroplasts in plant
cells capture energy
from sunlight.

The captured light energy is
used to produce sugars and
oxygen from water and
carbon dioxide.

t

gh
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• Transparency C14

Photosynthesis has two stages,
as shown in the diagram.
Interpreting Diagrams Which
stage requires light?

Su

Teaching Resources

Two Stages of
Photosynthesis

L2

What Happens During Photosynthesis
Focus Refer students to Figure 3.
Teach Ask: What are the two stages of
photosynthesis? (Capturing the sun’s energy
and producing sugars) What is the energy
captured in the first stage used for?
(To produce sugars in the second stage) What
pigment in chloroplasts absorbs light?
(Chlorophyll) How is chlorophyll like a solar
cell? (Both chlorophyll and solar cells absorb
light energy and use it to power a process.)
What happens in the second stage? (Water
and carbon dioxide combine chemically to
form sugars, and oxygen is released.) How are
roots and stomata important for
photosynthesis? (Roots take up water, and
stomata take in carbon dioxide, both of which
are needed for photosynthesis.)
Apply Explain that not all the oxygen
produced in photosynthesis is released from
the plant. Plants use some of the oxygen to
break down the sugar molecules they need
for their own energy needs. learning
modality: visual

FIGURE 3

Stage 1: Capturing the Sun’s Energy The first stage of
photosynthesis involves capturing the energy in sunlight. In
plants, this energy-capturing process occurs mostly in the
leaves. Recall that chloroplasts are green organelles inside plant
cells. The green color comes from pigments, colored chemical
compounds that absorb light. The main photosynthetic pigment in chloroplasts is chlorophyll.
Chlorophyll functions in a manner similar to that of the
solar “cells” in a solar-powered calculator. Solar cells capture
the energy in light and use it to power the calculator. Similarly,
chlorophyll captures light energy and uses it to power the second stage of photosynthesis.

Carbon dioxide
enters the leaf
through openings
called stomata.
Water enters
the plant through
roots and moves
upward to the leaf.
Chloroplasts

Differentiated Instruction
L3
Gifted and Talented
Researching Light and Chlorophyll
Help students integrate science concepts
by having them research the nature of
light, reflection, and absorption. Ask: Why
is chlorophyll green? What does
chlorophyll’s color have to do with the
kind of light that plants grow best in?
(Visible light consists of all colors of light,

including red, blue, and green light.
Chlorophyll is green because it reflects green
light. Red and blue light is absorbed by
chlorophyll and used to power
photosynthesis. Because chlorophyll does
not absorb green light very well, green light
does not help power photosynthesis. Red and
blue light is best for growing plants.)
learning modality: logical/mathematical
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Stage 2: Using Energy to Make Food In the next stage

of photosynthesis, the cell uses the captured energy to produce
sugars. The cell needs two raw materials for this stage: water
(H2O) and carbon dioxide (CO2). In plants, the roots absorb
water from the soil. The water then moves up through the
plant’s stem to the leaves. Carbon dioxide is one of the gases in
the air. Carbon dioxide enters the plant through small openings on the undersides of the leaves called stomata (STOH muh
tuh) (singular stoma). Once in the leaves, the water and carbon
dioxide move into the chloroplasts.
Inside the chloroplasts, the water and carbon dioxide
undergo a complex series of chemical reactions. The reactions
are powered by the energy captured in the first stage. These
reactions produce chemicals as products. One product is a
sugar that has six carbon atoms. Six-carbon sugars have the
chemical formula C6H12O6. Recall that sugars are a type of
carbohydrate. Cells can use the energy in the sugar to carry out
important cell functions.
The other product of photosynthesis is oxygen (O2), which
exits the leaf through the stomata. In fact, almost all the oxygen
in Earth’s atmosphere was produced by living things through
the process of photosynthesis.
What makes plants green?

L2

Looking at Pigments
You can observe the
pigments in a leaf.
1. Cut a strip 5 cm by 20 cm
out of a paper coffee filter.
2.
Place a leaf on top of
the paper strip, about
2 cm from the bottom.
3. Roll the edge of a dime
over a section of the leaf,
leaving a narrow band of
color on the paper strip.
4.
Pour rubbing
alcohol into a
plastic cup to a depth of
1 cm. Stand the paper strip
in the cup so the color
band is about 1 cm above
the alcohol. Hook the
other end of the strip over
the top of the cup.
5. After 10 minutes, remove
the paper strip and let it
dry. Observe the strip.
6. Wash your hands.
Inferring What does the
paper strip’s appearance
reveal about leaf pigments?

Sugars produced
are used by the plant
cells for energy.

Oxygen exits
through stomata
on the underside
of the leaf.

Stoma

L2
Skills Focus Inferring
Materials coffee filter, scissors, leaf, metric
ruler, dime, rubbing alcohol, plastic cup
Time 20 minutes
Tips CAUTION: Do not use plants that
may cause allergic reactions. Advise
students not to taste or inhale the alcohol.
Make sure no open flames are present.
A geranium works well.

Expected Outcome Alcohol dissolves
plant pigments and carries them up the
paper strip. The paper’s appearance reveals
that leaves contain several pigments.
Extend Ask: In the fall, when chlorophyll
decreases in some plants, why do leaves
change color? (As chlorophyll decreases, other
pigments that were hidden by the green
chlorophyll can then be seen.) learning
modality: kinesthetic

Observing Stomata
Materials forceps, lettuce leaf, water,
microscope slide, coverslip, microscope
Time 15 minutes
Focus Review the function of stomata.
Teach Have students use forceps to gently
pull away a small piece of the thin membrane
on the underside of a lettuce leaf, then make
a slide and sketch the structures they see.
Call their attention to the sausage-shaped
guard cells on either side of each stoma, and
ask: What role do you think the guard cells
play? (They regulate what enters the stomata.)
Apply Tell students that stomata are not
open all the time. Ask: When do you think
the stomata are usually open? (During the
day when light energy is available for
photosynthesis) learning modality: visual

Address Misconceptions

L2

The Role of Soil in Photosynthesis
Focus Some students may think that soil
provides plants with food.
Teach Explain that soil provides one of the
raw materials for plants to make food—
water. However, plants produce their own
food from water plus carbon dioxide and
the energy from sunlight; plants do not “take
in” food.
Apply Tell students that hydroponics means
growing plants in water, without soil. As long
as plants are provided with the minerals they
need and the materials for making their own
food, they do not have to be grown in soil.
learning modality: logical/mathematical

Monitor Progress

L2

Skills Check Have students make a
flowchart to show what happens during
photosynthesis.
Answer
Figure 3

Stage 1
Chloroplasts contain the
green pigment chlorophyll.
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Monitor Progress

The Photosynthesis Equation The events of photosynthesis can be summed up by the following chemical equation:

L2

Answer

Yields

6 CO 2

ⴙ

carbon dioxide

Assess
Reviewing Key Concepts
1. a. All living things are made up of cells,
which need energy to carry out their
functions. b. They trap energy from
sunlight in the process of photosynthesis.
c. The leaf has stored food that the plant
made using energy from the sun in the
process of photosynthesis.
2. a. 6 CO2 (carbon dioxide) + 6 H2O
(water) + (light energy) → C6H12O6
(a sugar) + 6 O2 (oxygen) b. Carbon
dioxide, water, and light energy; sugar and
oxygen c. A plant would likely produce
more oxygen on a sunny day, because there
would be more sunlight available to the plant
for photosynthesis.

Reteach

L1

Use Figure 3 to review what happens during
photosynthesis. Have students identify how
the figure relates to the equation for
photosynthesis.

Performance Assessment

L2

Writing Have students explain how life on
Earth depends on the sun.

FIGURE 4
Stored energy
When you eat a carrot, you
obtain energy stored during
photosynthesis.

light energy
6 H 2 O ——————➔ C 6 H 12 O 6 ⴙ 6 O 2
water
a sugar
oxygen

Notice that the raw materials—six molecules of carbon
dioxide and six molecules of water—are on the left side of the
equation. The products—one molecule of a sugar and six molecules of oxygen—are on the right side of the equation. An
arrow, which you can read as “yields,” connects the raw materials to the products. Light energy, which is necessary for the
chemical reaction to occur, is written above the arrow.
What happens to the sugar produced in photosynthesis?
Plant cells use some of the sugar for food. The cells break down
the sugar molecules to release the energy they contain. This
energy can then be used to carry out the plant’s functions.
Some sugar molecules are converted into other compounds,
such as cellulose. Other sugar molecules may be stored in the
plant’s cells for later use. When you eat food from plants, such
as potatoes or carrots, you are eating the plant’s stored energy.
In the photosynthesis equation, what does the
arrow mean?

1

Section 1 Assessment

Target Reading Skill Sequencing Use your flowchart
about photosynthesis to help answer Question 2.
Reviewing Key Concepts
1. a. Reviewing Why do living things need energy?
b. Explaining How do plants obtain energy?
c. Applying Concepts An insect eats a leaf. Explain how

the insect depends on the sun for energy.
2. a. Reviewing What chemical equation sums up the

events of photosynthesis?

Teaching Resources

• Section Summary: Photosynthesis
• Review and Reinforce: Photosynthesis
• Enrich: Photosynthesis

b. Comparing and Contrasting What are the substances

needed for photosynthesis? What substances are
produced during photosynthesis?
c. Making Generalizations Would you expect a plant to
produce more oxygen on a cloudy day or a sunny day?
Explain.

Keep Students on Track Have students
make any necessary revisions to their
experimental plans. Make sure students are
exposing their plants to different lighting
conditions and are controlling all other
variables. Check that students have a data
table ready to record observations and
measurements.

Job Qualifications When people
apply for jobs, they often must
complete a job application form
in which they describe their
qualifications for a job. Suppose
that you are a leaf, and that you
are applying for a job in a
photosynthesis factory. Write a
paragraph in which you summarize
your qualifications for the job of
photosynthesis. Your paragraph
should include the following
words: chloroplasts, chlorophyll,
light, energy, water, carbon
dioxide, and stomata.

Writing Mode Description
Scoring Rubric
4 Includes complete description of the
stages of photosynthesis written from the
point of view of a leaf; description is lively
and engaging
3 Includes all criteria, but description is
uninteresting
2 Includes incomplete description
1 Includes inaccurate description

