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Name _____________________
Class ______________
Date _________


Activity B08: Rate of Photosynthesis

(Low Pressure Sensor)

	Concept
	DataStudio
	ScienceWorkshop (Mac)
	ScienceWorkshop (Win)

	Cell biology
	B08 Photosynthesis.DS
	B08 Rate of Photosynthesis
	B08_PHOT.SWS


	Equipment Needed
	Qty
	Equipment Needed
	Qty

	Low Pressure Sensor (CI-6534)
	1
	Tubing (w/ sensor)
	

	Base and support rod (ME-9355)
	1
	Protective gear
	PS

	Beaker, 1000 mL
	1
	
	

	Bowl
	1
	Chemicals and Consumables
	Qty

	Clamp, buret (SE-9446)
	1
	Aluminum foil, 10 by 10 cm sheet
	1

	Connector (640-030)
	1
	Elodea plant
	1

	Knife or single edge razor blade
	1
	Glycerin
	1 mL

	Lamp,150 watt (SE-9473)
	1
	Green food coloring
	1 mL

	Stopper, one-hole, for test tube
	1
	Sodium bicarbonate, NaHCO3 solution
	50 mL

	Test tube, 20 by 150 mm
	1
	Water
	1 L


What Do You Think?

[image: image7.wmf]The purpose of this laboratory activity is to measure the rate of photosynthesis for a plant, Elodea, when it is exposed to different light conditions. What do you think the rate of photosynthesis will be when the plant is exposed to green light compared to the rate of photosynthesis when the plant is exposed to white light?

Take time to answer this question in the Lab Report section.

Background

[image: image8.png]


The process of photosynthesis is the chemical pathway by which all plants and some protists and monerans make food from carbon dioxide, water and sunlight. The entire photosynthetic pathway is a complex series of enzyme transformations that take place in chloroplasts. During the transformation, hydrogen from water is added to molecules of carbon dioxide to make carbohydrates. The generalized equation for this process is given below:




carbon dioxide + water --------------> carbohydrate + oxygen

During the “light reactions” (or light-dependent) cycle of the photosynthesis process, chloroplasts use sunlight energy to split water molecules into hydrogen ions and oxygen (photolysis). The reaction produces ATP and NADPH2 and releases oxygen as a “waste product”. This process is the source of nearly all the oxygen in Earth’s atmosphere. (Scientists have shown by using isotopes as tracers that the released oxygen comes from the oxygen in the water molecule rather than the oxygen from carbon dioxide.) The light-dependent reaction takes place within the membrane of thylakoids that make up the grana.

The light-independent reaction reduces carbon dioxide, utilizing the ATP and NADPH2 supplied during the light-dependent cycle. The light-independent reaction takes place in the stroma of the chloroplast.

The overall effect is that carbon dioxide is combined with hydrogen to produce carbohydrate molecules – mainly sugars, starch, and cellulose. 

The rate of photosynthesis depends on several conditions including which colors of light are available to be absorbed by the pigments in a plant leaf. The principal pigment in advanced plants is chlorophyll a. Chlorophyll b, carotenes, and xanthophylls play a secondary role. They transfer the energy they absorb to chlorophyll a for use in photosynthesis. The different pigments absorb different colors of light. 

When a plant is exposed to light, it undergoes photosynthesis and aerobic cellular respiration at the same time. When the plant is not exposed to light, it undergoes aerobic cellular respiration (and uses oxygen), but it does not undergo photosynthesis.

	SAFETY REMINDERS
· Wear protective gear while handling chemicals.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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For You To Do

Use the Low Pressure Sensor to measure the change in pressure in a test tube containing an aquatic plant, Elodea, that is exposed to white light, and then measure the change in pressure when the plant is exposed to green light. Use DataStudio or ScienceWorkshop to record and display the pressure versus time.

[image: image9.wmf]When photosynthesis occurs in the Elodea, the released oxygen increases the pressure in the test tube. When aerobic cellular respiration occurs, oxygen is consumed and the pressure in the test tube decreases slightly. (Carbon dioxide released during respiration is easily dissolved in water.). When both photosynthesis and aerobic cellular respiration occur, the pressure increases, but not as much as it would due to photosynthesis alone. 

PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the Low Pressure Sensor’s DIN plug into Analog Channel A on the interface. 

3.
Open the file titled as shown:

	DataStudio
	ScienceWorkshop (Mac)
	ScienceWorkshop (Win)

	B08 Photosynthesis.DS
	B08 Rate of Photosynthesis
	B08_PHOT.SWS


•
The DataStudio file has a Workbook display. Read the instructions in the Workbook.

•
The ScienceWorkshop document has a Digits display of pressure and a Graph display of pressure versus time.

Data recording is set at 1 measurement per second and a ‘Stop’ condition at 600 seconds.


PART II: Sensor Calibration and Equipment Setup
· You do not need to calibrate the Pressure Sensor for this activity since you will measure the change in pressure. 

The sensor is durable, but it is designed to be used with non corrosive gases such as air, helium, nitrogen, etc. Do not let the sensor get wet. The sensor comes with a length of plastic (polyurethane) tubing and several “quick-release” style connectors. 
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Connect the Tubing
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•
You will need one “quick-release” connector (included with the sensor), a connector to fit into the rubber stopper (640-030), about 15 cm of plastic tubing (included with the sensor), a one-hole rubber stopper, and glycerin.

1.
Put a drop of glycerin on the barb end of the quick-release connector and insert the barb into one end of the plastic tubing.

2.
Put a drop of glycerin on the smaller diameter end of the other connector. Insert the small diameter end into the plastic tubing. 

3.
Put a drop of glycerin on the larger diameter end of the connector that will go into the rubber stopper, and insert the end into the rubber stopper. 

Prepare the Elodea

4.
Fill a bowl with water, and hold the Elodea plant under the water. Make fresh cuts on the stem ends of a generous quantity of Elodea. Place the Elodea with the cut ends up into a test tube.

5.
Fill the test tube to about 2 cm below the top with 3% sodium bicarbonate solution. 

6.
Use the buret clamp to mount the test tube on the base and support rod. Put the rubber stopper into the top of the test tube. 

Equipment Setup

[image: image12.wmf]7.
Fill the beaker with plain water and place the beaker next to the test tube. The water in the beaker acts as a heat absorber. 

8.
Place a 150-watt lamp next to the beaker. The tube, beaker, and lamp should be as close together as possible. DON’T TURN ON THE LAMP YET!

PART III: Data Recording 

There are four parts of data recording.

	Part
	Description

	A
	Plant exposed to white light

	B
	Plant exposed to no light

	C
	Plant exposed to green light

	D
	Plant exposed to no light


PART IIIA: Plant Exposed to White Light
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e

n

s

o

r

P

r

e

s

s

u

r

e

 

p

o

r

t

Q

u

i

c

k

 

r

e

l

e

a

s

e

c

o

n

n

e

c

t

o

r

T

u

b

i

n

g

1.
When you are ready to record data, connect the tubing to the Low Pressure Sensor. Push the quick-release connector on the other end of the plastic tubing onto the pressure port connector on the sensor. Turn the connector clockwise until it clicks.

Turn on the lamp. 

2.
Start recording data. (Hint: In DataStudio, click ‘Start’. In ScienceWorkshop, click the REC button.) Be careful not to bump the tubing or loosen the rubber stopper. 

•
Data recording stops automatically after ten minutes. 

3.
CAREFULLY disconnect the tubing from the Low Pressure Sensor to release the pressure in the tubing, and then re-connect the tubing.

PART IIIB: Plant Exposed to No Light
1.
For the second trial, turn off the lamp. CAREFULLY wrap the test tube containing the Elodea with aluminum foil so that no light can reach the plants. 

2.
Start recording data. 

•
Data recording stops automatically after ten minutes.

3.
After the data recording ends, remove the aluminum foil from the test tube.

4.
CAREFULLY disconnect the tubing from the sensor to release the pressure in the tubing, and then re-connect the tubing.

PART IIIC: Plant Exposed to Green Light
1.
Add enough green food coloring to the water in the beaker so the water has a medium green color. 

2.
Turn on the lamp. 

3.
Start recording data. 

•
Data recording stops automatically after ten minutes.

4.
CAREFULLY disconnect the tubing from the sensor to release the pressure in the tubing, and then re-connect the tubing.

PART IIID: Plant Exposed to No Light
1.
For the final trial, turn off the lamp. CAREFULLY wrap the test tube containing the Elodea with aluminum foil so that no light can reach the plants. 

2.
Start recording data. 

•
Data recording stops automatically after ten minutes.

3.
After the data recording ends, remove the aluminum foil from the test tube.

4.
CAREFULLY disconnect the tubing from the sensor to release the pressure in the tubing.

Analyzing the Data
1.
Use the Graph display to determine the minimum and maximum pressure for each run of data.

[image: image14.wmf]•
Hint: In DataStudio, click the ‘Statistics’ menu button ([image: image4.png]


). Minimum and Maximum are selected by default. The values for ‘Min.’ and ‘Max.’ are shown in the legend in the Graph.
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•
In ScienceWorkshop, click the Graph display to make it active. Click the ‘Statistics’ button ([image: image5.png]


) to open the statistics area on the right side of the Graph display. Click the ‘Statistics Menu’ button ([image: image6.png]


) in the statistics area and select ‘Minimum’. Repeat the process and select ‘Maximum’. 

2.
Record your values for the minimum and maximum pressure for each run in the Data Table in the Lab Report section.

3.
Calculate the difference between the minimum and maximum pressure for Run #1 and record this as Net Change – Photosynthesis (White Light).

4.
Calculate the difference between the minimum and maximum pressure for Run #2 and record this as Net Change – Aerobic Cellular Respiration (White Light).

5
Add the net change during photosynthesis to the net change during aerobic cellular respiration. Record the sum as Gross Change – Photosynthesis (White Light).

6.
Calculate the Rate of Photosynthesis –White Light (per hour) by multiplying Gross Change – Photosynthesis (White Light) by 6.

7. 
Calculate the difference between the minimum and maximum pressure for Run #3 and record this as Net Change – Photosynthesis (Green Light).

8.
Calculate the difference between the minimum and maximum pressure and record this as Net Change – Aerobic Cellular Respiration (Green Light).

9.
Add the net change during photosynthesis to the net change during aerobic cellular respiration. Record the sum as Gross Change – Photosynthesis (Green Light).

10.
Calculate the Rate of Photosynthesis –Green Light (per hour) by multiplying Gross Change – Photosynthesis (Green Light) by 6.

Record your results in the Lab Report section.

Lab Report - Activity B08: Rate of Photosynthesis

What Do You Think?

The purpose of this laboratory activity is to measure the rate of photosynthesis for a plant, Elodea, when it is exposed to different light conditions. What do you think the rate of photosynthesis will be when the plant is exposed to green light compared to the rate of photosynthesis when the plant is exposed to white light?

Data Table 1: White Light

	Item
	Value

	Maximum Pressure (White Light - Run #1)
	 kPa

	Minimum Pressure (White Light - Run #1)
	 kPa

	Net Change – Photosynthesis (White Light)
	 kPa

	
	

	Maximum Pressure (no light - Run #2)
	 kPa

	Minimum Pressure (no light - Run #2)
	 kPa

	Net Change – Aerobic Cellular Respiration (no light - Run #2)
	 kPa

	
	

	Gross Change - Photosynthesis (White Light)
	 kPa

	Rate of Photosynthesis – White Light (per hour)
	kPa/hour


Data Table 2: Green Light

	Item
	Value

	Maximum Pressure (Green Light - Run #3)
	 kPa

	Minimum Pressure (Green Light - Run #3)
	 kPa

	Net Change – Photosynthesis (Green Light)
	 kPa

	
	

	Maximum Pressure (no light - Run #4)
	 kPa

	Minimum Pressure (no light - Run #4)
	 kPa

	Net Change – Aerobic Cellular Respiration (no light - Run #4)
	 kPa

	
	

	Gross Change - Photosynthesis (Green Light)
	 kPa

	Rate of Photosynthesis – Green Light (per hour)
	 kPa/hour


Questions

1.
The rate of photosynthesis for green light is what percentage of the rate of photosynthesis for white light?

2.
Does photosynthesis use green light?

3.
Carotenes tend to absorb blue light. Chlorophyll a and chlorophyll b tend to absorb blue and red light. Why do red and blue light, but not green light, promote photosynthesis?
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