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in light
in darkness 8

v

increasing
oxygen
release

—m ime

increasing /

oxygen v

uptake A B

:

- At point B, there is a decrease in oxygen uptake and an increase in oxygen release.
The rate of photosynthesis increases. Photosynthesis starts at point B, as soon as
the plant starts to release oxygen. This is because oxygen used up per unit time is
lower, meaning that some of the oxygen used up by respiration is being offset by
small amounts of oxygen produced by photosynthesis.

- At C, the amount of oxygen released is equal to the amount of oxygen absorbed. This
suggests that the rate of photosynthesis is equal to the rate of respiration. (Note: X
“rate of p/s is the same as rate of r/s”)

5. Photosynthesis experiments

Basic Knowledge

Explanation

Action to take

Glucose is first
formed from carbon
dioxide during
photosynthesis.

e Thesimplest energy-rich
organic molecules are
carbohydrates.

e Thesimplest stable form of
carbohydrates are the
monosaccharides, e.g.
glucose.

N.A.

Presence of starch in
the leaves suggests
that photosynthesis
has taken place.

e When glucose is formed
more quickly than it is used
up, the excess glucose is
converted to starch for
storage. (Under the
presence of light, the rate of
photosynthesis is higher
than the rate of respiration.)

e However, starch formation is
not photosynthesis — starch
can be formed even in the

Test for starch using iodine test.




B

roots or underground
storage organs of plants.

De-starching e This ensures that starch is
(removal of starch) absent in the leaves prior to
must be carried out the experiments.

on the plants before e Thus, all starch present in
the experiments. the leaves after the

experiments must have
been formed during the
experiments.

Put the plants in the dark
for two days.

In darkness, photosynthesis
stops and enzymes in the
|eaves catalyse the
conversion of starch to
sucrose, which is
transported to other parts
of the plant.

Factors necessary for photosynthesis

Experiment 1: Test for starch in a leaf:

hot water —

alcohol ——

leaf

wire
gauze

tripod —

Test on leaf specimen P1.

Step Action Purpose

1 | Plant containing P1 was placed in a dark room | To destarch the plant so that any starch

for 48 hours. present in P1 later is only formed during
the experiment.

2 | Plant containing P1 was placed under the Sun [ To allow the plant to carry out
for 5 hours before P1 was removed from the | photosynthesis.
plant.

3 | P1 was placed into a beaker of boiling water. [ To denature all enzymes in P1so that

starch formed through photosynthesis is
not converted to glucose. The high
temperature also destroys the cell
membranes of the leaf cells.




To remove chlorophyll from P1 so that the

colour change caused by the iodine
solution later will be more easily visi

4 | P1 was removed from the hot water and
placed into a boiling tube containing ethanol.
The boiling tube is then placed into a beaker
of boiling water.

ble.

To soften the leaf and make the leaf cells

5 | P1 was removed from the boiling water using .
more permeable to jodine solution.

a forcep and placed back into hot water.

To test for the presence of starch and

6 P1 was stained with iodine solution on a
observe its distribution in P1.

white tile.

Observation: The iodine solution turns from yellowish brown to blue-black.

Conclusion: Starch is present in the leaf.

Experiment 2: Test if light is necessary for photosynthesis:
___-paper clip

|~

black paper

parts exposed to sunlight

Destarch a potted plant by placing it in the dark for two days.
 Remove one leaf. Test it for starch as described in Experiment 1.

3. Sandwich a leaf, which is still attached to the plant, between two pieces of black paper. Each
paper has a certain pattern cut out from it. Fasten the papers with paper clips. Place the
plant in strong sunlight.

After a few hours, remove the leaf and test it for starch.

5. Make a drawing of the leaf to show the regions that are stained blue-black.
a.  Before the treatment of the leaf with iodine solution, the leaf must be de-starched.

This is to ensure that the formation of starch from excess glucose occurred during
the experiment.

b. When iodine solution is applied to the parts exposed to light, the iodine solution
changes from yellowish-brown to blue-black. (Reason: The chlorophyll in the
chloroplasts absorb light energy for photosynthesis, producing excess glucose which
is converted to starch for storage.)

¢. When iodine solution is applied to the parts that were covered by the black paper,
the iodine solution remains yellowish brown. (Reason: The chlorophyll in these parts
were not exposed to light, so light energy cannot be absorbed by chlorophyll for
photosynthesis to occur.)

Experiment 37 Testif chiorophyltis meeessary-for-photosynthesis:



Tarif Chloreghy | necessary for p-s

Starch present

Chlarophyll No chlarophyll

Starch absent

Before testing After tesling

Destarch a plant with variegated leaves by placing it in the dark for two days.
. Expose the plant to strong sunlight for a few hours.
3. Remove one |eaf. Make a drawing to show the distribution of the green parts, i.e. the parts
that contain chlorophyll.
4. Decolourise the leaf and test it for starch.
5. Make a drawing of the leaf to show the distribution of the blue-black colour. Compare this
with your drawing in step 3.

a. Before the treatment of the leaf with iodine solution, the leaf must be de-starched.
This is to ensure that the formation of starch from excess glucose occurred during
the experiment.

b. When iodine solution is applied to the green parts of the leaves, the iodine solution
changes from yellowish-brown to blue-black. (Reason: Only those parts containing
chlorophyll will absorb light energy and photosynthesis occurs, which produces
excess glucose, which is converted to starch for storage, so starch is present.)

c. When iodine solution is applied to the non-green parts of the leaves, the iodine
solution remains yellowish-brown. (Reason: Chlorophyll is absent in these parts of
the leaves, hence, light energy cannot be absorbed and photosynthesis does not
occur, so no glucose is produced. Thus, this does not give rise to excess glucose
converted to starch for storage, so starch is absent.)

Experiment 4: Test if carbon dioxide is necessary in photosynthesis:

carbon dioxide

expedmental set-up oniol se{up

Yowo's N 7au

Yowh <
Destarch two potted plants by placing them in the dark for two days.
Enclose the pots in polythene bags. Secure the bags to the plant stems.

3. Place one pot in the bell jar. The plant does not have a supply of carbon dioxide from the air
because soda lime and potassium hydroxide solution rapidly absorb carbon dioxide. Leave
the whole apparatus in strong sunlight for a few hours.




Set up a control using pebbles and water in place of soda lime and potassium hydroxide
solution respectively. Leave the control apparatus in strong sunlight for a few hours.

Notes:

a. Chemicals used:

. Thesoda lime serves as a “filter”. The soda lime absorbs carbon dioxide from the
atmospheric air that enters the bell-jar.
ii.  Thesodium hydroxide serves to remove the remaining carbon dioxide in the bell-jar.

iii.  Thesoda lime and sodium hydroxide hence ensure that there is no carbon dioxide
present in the bell-jar.

b. The soil is covered with a polythene bag:
i.  Toprevent water loss by evaporation of water in the soil.

ii. To prevent the contribution of carbon dioxide into the air in the set-up by
microorganisms living in the soil that respire.

iii.  When iodine solution is applied to the leaf-exposed to air with carbon dioxide, the
iodine solution changes frorryellowish-brown to blue-blatk. (Reason: Carbon
dioxide is required in photosynthesis. It is reduced by hydrogen to glucose. The
excess glucose formed in photosynthesis is converted to starch for storage, so starch
is present.)

iv.  When iodine solution is applied to the leaf exposed to air without carbon dioxide,
the iodine solution remains yellowish-brown. (Reason: Carbon dioxide is required in
photosynthesis. It is reduced by hydrogen to glucose. Without carbon dioxide, no
photosynthesis occurs, so no glucose is produced. Thus, this does not give rise to
excess glucose converted to starch for storage, so starch is absent.)

b. Factors affecting the rate of photosynthesis

Experiment 1: Effect of light intensity on the rate of photosynthesis:

dilute sodium hydrogen
_~ carbonate solution

,/
cut end of plant
facing upwards

~ water plant lamp
(e.g. Hydrilla) (e.g. 60 W buib)
\
2 ¥
water bath (10 keep
temperature constant)
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1. Set up the apparatus as shown above with the cut end of the water plant positioned
upwards.




b

Air bu i
bbles are given off from the cut end of the plant. Allow some time for the plant to

to the conditions provided before taking readings.

When the bubbles are produced at a regular ratever a period

of 5 minutes. Repeat this a few times to obtain the average rate

4. Repeat step 3 with the light source closer to the plant, e.g. 80 cm, 40 cm, 30 cm, 20cm, 15
cm and 10 cm. The @is to the beaker, the that

the plant is exposed to.

Record your results in a table. Plot a graph to show the rate of bubbling per minute against
the distance between the lamp and the plant.

e Notes:
- Some time is allowed for the rate of bubbling to stabilise.W

> Observation: The rate of bubbling increases as the distance of the lamp from the

plant decreases.
> The dilute sodium hydrogencarbonate solution serves as a source 0

o

v

f dissolved

carbon dioxide.
- |n some experiments, sodium bicarbonat
spontaneously decomposes to form carbon dioxide.

- Thgcut end of the plant faces upwa@} to ubbles containing
> A bubblermay be used in this experiment to serve the following purposes:
A@l./g To ensure that all the bubbles are of the
—%BBVW th 2. Actsas a
GowYIt & 3. Toslow down bubbling to make it @or the counting of bubbles to be
gYYOY more accurate.

- The bubbles produced contain oxygen gas, a product of
the number of bubbles produced, the higher the rate of photosynthesis. The rate of gas

production is broportional to the rate of photosynthesis.

- The rate of photosynthesis measured by this method may b
1. Some of the oxygen gas in the bubbles might have
gas is slightly soluble in water, hence the number of oxygen bubbles counted may be

lower.
23 s used during@hile the plant is photosynthesising.

e is used. Sodium bicarbonate solution

photosynthesis. Thus, the greater

(lower than expected as:
3 L

ed in the water as oxygen
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dilvte sodium hydrogen
carbonate solution

out end of plant
facing upwards

water plant

lamp
(6.8 Hyorita) (6.4 60 W bulb)

\\
water bath (to keep
temperature constant)

| -

1. Setup the apparatus as shown above with the cut end of the water plant positioned
upwards.
2. Place alamp 10 cm away from the plant. Keep this distance constant throughout the
experiment.
3. Add ice-cold water to the water bath to keep the temperature at 5 °C. Allow some time for
the plant to adapt to the conditions provided before taking the readings.
4. Count the number of bubbles over a period of 5 minutes. Repeat this a few times to obtain
an average rate.
5. Repeat step 4 at different temperatures, e.g. 15°C, 25°C, 35°C, 45°C, 55°C, 65°C and 75°C.
6. Record your results in a table. Plot a graph to show the rate of bubbling per minute against
the temperature.

Notes:

=> The experiment starts off using cold water. This is to check if temperature is a limiting factor.
If the water is too warm, the enzymes in the leaf may be denatured.

=> It is observed that the rate of bubbling increases as the temperature is increased. The
reactions in photosynthesis are enzyme-dependent.

=> At low temperatures, enzymes are inactive.

=> At extreme temperatures higher than optimum temperatures, enzymes are denatured.
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divte sodium ogen
~ carbonate solut

cut end of plant
facing upwards

water plant

lamp
(e.g. Hyarilia) (0.8 60 W bulb)

water bath (to keep
temperature constant)

1. Set up the apparatus as shown above with the cut end of the water plant positioned

upwards.
2. Place alamp 10 cm away from the plant. Keep this distance constant throughout the

experiment.

3. Conduct the experiment at room temperature

4. Use different concentrations oflutions, e.g. 0.01 mol/dm?,
0.02 mol/dm?, 0.03 mol/dm?, 0.04 mol/dm?, 0.05 mol/dm? up to 0.1 mol/dm?®. (These are
proportional to the carbon dioxide concentrations in the solution.)

5. When the bubbles are coming out at a regular rate, measure the rate of bubbling for each

concentration of the sodium hydrogencarbonate solution.
6. Plot agraph to show the rate of bubbling against the concentration of the solution.

e Notes:
- Different concentrations of sodium hydrogencarbona
> It is observed that the rate of bubbling increases as the concentration of the sodium

hydrogencarbonate solution is increased.
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