
tube to trap the water and gas. Have a lit splint ready.
Holding the test tube horizontal and the splint at the mouth
of the tube, remove your thumb and immediately place the
lit splint into the tube mouth, being careful not to get it wet
with water. A flame should be observed. If the test tube is
simply removed and kept inverted, any oxygen or carbon
dioxide will escape downwards and won’t be present to be
tested (only hydrogen is lighter than air and would remain
in the inverted tube).

■ For Part 2 (steps 1 and 2), placing the Erlenmeyer on a sheet
of white paper will help to better observe the colours. Note
that, depending on the water source, mixing the
bromothymol blue in water might result in a yellow to
greenish colour. Adding sodium hydroxide will produce the
basic conditions for production of a blue solution. Specify to
students that no more than one dropperful of 0.1 mol/L
NaOH should be added, otherwise more blowing (i.e., air)
will be required in step 3 to turn the solution yellow.

■ For Part 2 (steps 3 and 4), students are to blow until the
solution turns yellow, indicating that it has become acidic
(i.e., carbon dioxide has reacted with the water to produce
carbonic acid).

■ For Part 2 (step 5), it is important that the flask be
stoppered since the carbon dioxide in the air will naturally
make the water acidic, which will counteract the activity of
the plant and desired observation of the solution turning
from yellow back to blue. You could prepare a stoppered
flask with yellow solution and an unstoppered flask with
yellow solution as controls for the class.

■ Expected Results: In Part 1, the sprigs of the plant should
produce observable amounts of gas. The trapped gas
should flare when the lit splint is inserted into the tube,
indicating the presence of oxygen gas.

In Part 2, the bromothymol blue solution will be yellow
when the pH is below 6.0, it will be blue at a pH above
7.6, and green in a neutral pH (pH 7.) When the students
bubble carbon dioxide into the solution, it will turn light
yellow (indicating that the pH is slightly acidic). After the
Cabomba has been added, the solution should turn blue
(indicating that the pH of the solution is now slightly
basic). 

Safety Precautions

■ Sodium hydroxide is caustic and may cause burns if
students spill any on their skin. Caution them regarding
handling this solution and to immediately wash any spills
from their skin using cold running water for at least 10
minutes.

■ Caution students that for Part 2, when they are to blow
into a flask using a straw, they are to blow gently and never
suck on the straw.

Answers to Analysis Questions
1. Students should indicate that they saw a flame or the

splint burn faster, indicating the presence of oxygen.

2. Students should indicate that they saw the colour change
to pale yellow, indicating an acidic solution.

3. Students should identify the gas in their exhaled breath as
carbon dioxide. The presence of carbonic acid, due to
carbon dioxide in exhaled breath, will cause the solution
to become acidic.

Answers to Conclusion Questions
4. The oxygen collected in the test tube over the Cabomba

plant is from photosynthesis.

5. The carbon dioxide exhaled in breath is from cellular
respiration.

6. Students may notice that the colour of the solution is no
longer pale yellow and returns to a greenish-blue colour.
This is due to the Cabomba carrying out photosynthesis
and using the carbon dioxide in solution, which will cause
the solution to decrease in acidity. (See note under
Helpful Tips to counteract the possibility of this not
being observed due to carbon dioxide in the air.)

Assessment Options
■ Collect and evaluate students’ answers to Analysis and

Conclusion questions.
■ Use Assessment Checklist 2: Laboratory Report (if

applicable) and Assessment Checklist 3: Performance Task
Self-Assessment from Appendix A.

Answers to Questions for Comprehension
Student Textbook page 167

Q9. Metabolic pathways that break down larger molecules into
smaller ones release energy.

Student Textbook page 168

Q10. The electrons are transferred to another compound,
which as a result, becomes reduced.

Q11. A compound in its reduced form contains more energy.

Section 5.1 Review Answers
Student Textbook page 168

1. A green plant converts light energy from the Sun into
chemical energy to sustain its life processes. Herbivores
such as a rabbit or deer eat the plant to obtain its stored
chemical energy for their own use. When the herbivore is
eaten by a mountain lion, the chemical energy that is
transferred to the cat is delivered to the mitochondria of
the muscle cells where it is converted to ATP and heat
energy through the process of cellular respiration. The
ATP produced is used in the contraction of the muscles of
the mountain lion.
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2. Photosynthetic organisms can use the energy from the
Sun to synthesize energy-rich compounds that it can then
use as “food.” Thus, they do not need to rely on other
organisms for those high-energy compounds.

3. Student answers should include points that are
summarized in the following table. Note, a * indicates
that the process listed occurs in that cellular activity.

4. ATP is considered the “energy currency” of the cell
because it is “spent” when the cell requires energy.

5. Student diagrams should include labels for the sugar
group (ribose), nitrogenous base, and phosphate groups.

6. Student diagrams or descriptions should be similar to
what is depicted in Figure 5.3 on page 163 of the student
textbook. The energy that is released upon cleavage of the
third phosphate group is used for numerous cellular
activities. By phosphorylation of the ADP, ATP can be
regenerated for further energy requirements by the cell. 

7. A: Stroma

B: Chloroplast membranes (outer and innner)

C: Thylakoid

D: Grana

8. The matrix is the part of a mitochondrion that performs
a function related to the processes that occur in the
stroma. Like the stroma, the matrix is a fluid-filled space
that contains proteins and other chemicals used in
reactions involving carbohydrates. (The difference
between the two fluids is that the matrix supports the
breakdown of carbohydrates, while the stroma supports
their synthesis.)

9. Metabolism refers to all the chemical reactions that occur
in a cell in order for it to survive. Metabolic pathways are
discreet series of reactions that carry out specific
functions. The two general categories of metabolic
pathways that occur are: (1) those that synthesize large
compounds from small precursor molecules and require
energy, and (2) those that break down large compounds
to produce smaller ones and release energy.

10. “Reducing power” refers to the amount of energy that a
molecule has to reduce another compound. Molecules in
their reduced state that have a large amount of available
energy are considered to have “reducing power.”

5.2 Photosynthesis Stores Energy in 
Organic Compounds

Student Textbook pages 169-181

Section Outcomes
Students will:
■ describe how pigments absorb light energy and transfer it

as reducing power in NADPH
■ explain how absorbed light energy is transferred to the

chemical potential energy of ATP by chemiosmosis
■ describe where the energy transfer processes take place in

chloroplasts
■ explain how scientific knowledge may lead to the

development of new technologies
■ collect and interpret data and calculate Rf values from

chromatography experiments
■ conduct investigations in print and electronic resources on

C3 and C4 photosynthetic mechanisms

Key Terms
light-dependent reactions
light-independent reactions
photosystems
chemiosmosis
Calvin-Benson cycle

Statement Photosynthesis Cellular
Respiration

Converts light energy to
chemical energy

*

Converts the chemical energy
in glucose to ATP

*

Occurs as a series of reactions * *

Involves the use of catalysts
(enzymes)

* *

ATP is produced * *

Oxygen is a waste product *

Oxygen is used *

Occurs in the mitochondria *

Carbon dioxide is produced *

Carbon dioxide is consumed *

Water is a by-product *

Occurs in the chloroplasts *

Glucose is synthesized *

Is a pathway that synthesizes
larger molecules from smaller
ones, and it requires energy

*

Is a process that breaks down
large molecules to smaller
ones, and it releases energy

*
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