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I. TEACHER NOTES AND GUILDELINES

Title of Lab: Reactions of Photosynthesis

DEVELOPERS OF LAB: Mike Abrahamson JD550, Jeanne Ditton JD875, David Kibler JD850, Jim Prockup JD575, Claire Cohen JD592, Perry Pitt JD574, Richard Lepere JD727, Michael Rydell JD741, Elizabeth Shirley JD535, Jim Kirby, JD726, Dorothy Silberg JD716, Jennifer Dayger JD714

OVERVIEW OF LAB 

DESCRIPTION:

The purpose of this lab is to illustrate the reactions that take place during photosynthesis.  The lab will measure the students’ understanding of such reactions and related concepts.

Photosynthesis occurs in two reactions, photolysis and carbon fixation. The plant uses the photosynthetic pigment CHLOROPHYLL in these reactions to allow for absorption of light.  Chlorophyll drives the transfer of electrons in hydrogen from water to an acceptor referred to as NADP+.

Photolysis, or Light Reactions, involves the breakdown of water into hydrogen and oxygen using the sunlight as a source of energy.  The activity of hydrogen will be interrupted by the presence of DPIP, or 2,6 dichloroindophenol.  The DPIP, which will be added by the experimenters, will experience a color change from blue to clear, indicating photolysis has occurred. The color change will result in the varying in the absorption of light by the substance.  This can be measured using the SPECTROPHOTOMETER, or “SPEC.”   

The carbon fixation, or Dark Reactions, involves a series of reactions which processes carbon dioxide and hydrogen (from water) in the form of NADPH2  to produce GLUCOSE.  This serves as “food” for the life activities of the plant including synthesis and growth.  One of the waste products of these reactions is oxygen, which is released into the atmosphere or used in cellular respiration. 

CURRICULUM CONSIDERATIONS:

This lab is intended to be used in a Regents Biology Curriculum as an introduction to the Autotrophic Plant Nutrition Unit.  This lab is expected to be completed in three, 45 minute periods.         

SAFETY CONSIDERATIONS:

Caution should be applied when using the chemical DPIP, even in its very dilute form.  The experimenters for the duration of this lab should wear gloves and avoid direct contact with the solution.  Parafilm should be provided for the covering of the cuvettes minimizing the risk of chemical contact with the experimenter.  

NOTE:  The use of KIMWIPES is required for the cleaning of the cuvettes, as well as for the handling of the cuvettes.  KIMWIPES are provided by SOTM.

BACKGROUND INFORMATION

A. SCIENTIFIC VIEWPOINT:

             DPIP is a blue chemical that absorbs primarily light having a wavelength of 605 nm.         

The process of photolysis results in the production hydrogen ions.  DPIP when reduced        by hydrogen ions becomes clear, and the absorbency of light with a wavelength of 605 nm decreases.  Therefore, DPIP can be used as an indicator that photolytic reactions have occurred.

The varying wavelengths resulting from the color changes of the DPIP can be quantified using the spectrophotometer.  The “spec” is an instrument that separates white light into the different colors of the spectrum.  The color of an object is the result of the light reflected from its surface.  Chlorophyll appears green because it absorbs primarily those wavelengths other than green.  

B.   COMMON MISCONCEPTIONS:
Listed below are misconceptions that are commonly held by secondary science students and the currently accepted scientific viewpoint.

1.  Misconception:  Photosynthesis is the conversion of sunlight into food.

Scientific Viewpoint: Sunlight energy is used to split water (photolysis) to produce hydrogen and oxygen.  The hydrogen goes on to oxidized NADP+  to reduced NADPH2, which is needed in the dark reactions.  The hydrogen is used in the production of glucose, while the oxygen is either released as a waste product into the atmosphere, or recycled by the plant for cellular respiration.

2.  Misconception: Plants “breathe” in carbon dioxide and “breathe” out oxygen.

Scientific Viewpoint: Breathing is a physical action that brings gases into and out of most animals to be used during the processes of respiration.  Carbon dioxide is the primary source of material for the production of plant tissue, and is not involved in the respiratory activities of the plant.  However, plants use oxygen for cellular respiration.  

3.  Misconception:  Plants “consume” soil and/or water.  

Scientific Viewpoint: Although the minerals in the soil are a necessity to many biochemical reactions in plants, a plant’s mass comes almost entirely from carbon dioxide.  

4.  Misconception:  The leaves of plants are green because they absorb only green light.

Scientific Viewpoint: The pigment chlorophyll reflects green light to be received by the observers eyes, while absorbing all of the other colors of the spectrum.  White color is a reflection of all wavelengths of light, while black is the absorption of all light.

5.  Misconception:  Dark Reactions only occur while the plant is in the dark.

Scientific Viewpoint: Dark reactions occur regardless of the amount of light because energy is supplied from the ATP produced in the light reaction.  Light reactions only occur during the daytime because light is the energy source that fuels the reaction.

OBJECTIVES

1. Demonstrate that photosynthetic reactions require light.

2. Become familiar with the use of a spectrophotometer. 

3. Allow the students to design their own experiment using knowledge obtained from completing Part I of this lab.

EQUIPMENT/MATERIALS

PROVIDED BY SOTM 

Spectrophotometer 20D+





Cuvettes








DPIP solution

Buffer Solution (.5M sucrose .1M PO4)



Parafilm

Kimwipes



Pipettes, 1ml and 10ml

Cheesecloth

Clamp-on lamps

Colored filters 



Pipetters, 2ml and 10ml



Wash Bottles



Glass Rods



Graduated Cylinders



Mortar and Pestle



Filter  boxes

PROVIDED LOCALLY

Fresh spinach 

Grease pencil 

Funnel

3 50ml beakers 

250-ml beaker







Paper towels 

Clock 

Ice 

Dark chamber (aluminum foil)






Smaller cooler (ice bath)






Aprons 

Goggles








Graph paper

Rulers

ADVANCE PREPARATION AND PROCEDURAL HINTS

1.
Refrigerate the following: Mortar and pestle, cheesecloth, beakers, pipettes, buffer solution, DPIP.

2.
Place the spinach leaves under intense light for at least one hour prior to the start of the lab.

3. Place a large beaker of water between the light source and the spinach leaves (to absorb the heat given off by the light source). 

          4.   Turn spectrophotometer on at least 20 minutes prior to use.  

          5.   After 20 minutes, the spec will be ready for calibration.


    a.  Set wavelength 605nm.


    b.  Set to transmission mode.

          
    c.  With the chamber empty, turn the left knob until it reads 0.0 

                 transmission.

d. Set to absorbance mode (You should now see 1.999 blinking).

6. The buffer solution to be used will come ready to use.  If buffer comes concentrated, follow 

        the directions on the bottle.    

· It is recommended that students not perform Step 3 of their procedure until they are prepared to place the samples in the light and dark and begin timing the experiment.

II. PRELAB

PRE-LAB EXERCISE TO ELICIT STUDENT’S PRIOR KNOWLEDGE AND MISCONCEPTIONS

1. Like animals, plants need food to stay alive.  If you were asked where most of the food of plants comes from, which of the following choices would you consider to be the best?

A) The food of plants comes from water.

B) The food of plants comes from carbon dioxide.

C) The food of plants comes from soil.

D) The food of plants comes from water and air.

E) The food of plants comes from light.

Explain why you picked the answer you did.

2. Most plants have green leaves.  What is the main purpose of a leaf?

A) Leaves serve as shade for the developing young shoots.

B) Leaves catch the rain and dew needed for the plant to live.

C) Leaves make the food that plants need to live.

D) Leaves capture the warmth of the sun.

3. Which substances go in and/or out of a plant?

In

Out

Carbon dioxide 

            (  )

(  )

Water



(  )

(  )

Water vapor


(  )

(  )

Oxygen



(  )

(  )

4.  A green plant weighted 1 pound without s any soil on its roots.  It was planted in a tub of soil.  The experimenter watered the plant when the soil was dry but did nothing else.  After the plant had grown for five years, she removed the plant from the tub and weighed the plant again.  The plant now weighed 34 pounds.

What do you think happened to the weight of the soil in the tub?

a)  The soil has lost a lot of weight

b)  The soil’s weight stayed about the same.

c) The soil gained a lot of weight.

Explain why you chose the choice you did.

5.  Two plants of the same kind are put in different locations.  One is put on a closet shelf and one is place on a windowsill.  After one month, both plants are brought back to a lightened room.  (Both plants have been watered.)  Draw a picture of each plant in its pot as you think it would look.



Closeted plant



Window sill plant

6. When green glass is placed between a flashlight and an ordinary movie screen, a green spot appears on the screen.  If a green glass and a red glass are placed between the flashlight and the screen, in what way, if at all, will the spot on the screen change?

(a) It will appear green

(b) It will appear brown

(c) It will appear yellow

(d) It will appear red

(e) It will disappear

7. A driver came out of a shopping mall one night and looked at his car.  His car is blue and the lights illuminating the lot are yellow.  What color did his car appear?  Explain.

8.  Imagine that 3 plants are grown in three different green houses, each made with different color glass (green, red, blue).  Draw the plant that would result in each 

greenhouse.  [Note: Each plant was planted at the same time] 




RED


BLUE


GREEN                        

DISCUSSION OF PRECONCEPTIONS
III. EXPLORATION OF SCIENTIFIC PRINCIPLE & 

       INTRODUCTION OF EXPERIMENTAL   

       PROTOCOL
STUDENT PRE-LAB INVESTIGATION

PROBLEM

What effect does the presence of light have upon the rate of the light reactions of photosynthesis?

EXPERIMENTAL AND TECHNICAL OPERATION OF EQUIPMENT

             EQUIPMENT/MATERIALS

PROVIDED BY SOTM 

Spectrophotometer 20D+





Cuvettes








DPIP solution

Buffer Solution (.5M sucrose .1M PO4)



Parafilm

Kimwipes



Pipettes

Cheesecloth

Bright light source

Colored filters



Pipetters



Gloves

PROVIDED LOCALLY

Fresh spinach 

Grease pencil 

Funnel

Graduated Cylinders

3 50ml beakers 

250-ml beaker







Paper towels 

Mortar and Pestle







Clock 

Ice 

Dark chamber (aluminum foil)






Smaller cooler (ice bath)






Aprons 

Goggles








Graph paper

Rulers

Filter boxes 

STUDENT PROCEDURE
· NOTE:  Be sure to only handle the cuvette on the top near the white line.  Fingerprints will affect your results.

1.  Making the chlorophyll solution:


a.  Remove the large veins of three small spinach leaves.  


b.  Shred the leaves into small pieces by hand.


c.  Using mortar and pestle, grind leaves to a puree form.


d.  Combine puree with 10 ml of buffer solution.


e.  Grind until the mixture appears green and foamy.


f.  Place cheesecloth into funnel.  


g.  Filter mixture through cheesecloth into a beaker. (This is the 

               chlorophyll solution.)


h.  Place beaker with chlorophyll solution on ice.

_____ Teacher Checkpoint (teacher initial)

            2.  Making the control


a.  Obtain a cuvette.  Label it “CONTROL”


b.  Add 5ml of buffer solution to the cuvette.


c.  Add 75 um of chlorophyll solution to cuvette. (2 drops)


d.  Cover the top of the cuvette with parafilm.


e.  Turn cuvette over twice to mix the contents.


f.  Wipe body of cuvette with KIMWIPE.


g.  Place cuvette into spectrophotometer chamber, and close lid.


h. Check to make sure the spec is set for absorbance mode.


i.  Turn the right knob (labeled 100% T/0A) until the spec reads 0.000.


j.  Remove the control from the chamber.

_____ Teacher Checkpoint (teacher initial)


3.  Making sample cuvettes:


      a. Obtain two cuvettes.

      b. Label one: L (light) and the other: D (dark).


      c. To each you will add the following



-   3ml of buffer



-   75um of chlorophyll  (2 drops)




**DO NOT ADD CHLOROPHYLL UNTIL YOU 




ARE READY TO IMMEDIATELY PROCEED.

_____ Teacher Checkpoint (teacher initial)

               *CAUTION: DPIP should not contact your skin.  If it does, wash off immediately.


      4.  To the D cuvette  

a. Add 2ml of DPIP, cover it with parafilm and mix 

                         b. Wipe the D cuvette with a kimwipe, insert it into the spec 20 chamber and close the lid

            c. Record the absorbance in the 0 time box, of the D column, and note the “0” time in min   

                and sec. 

      d. Wrap the cuvette labeled “D” with foil and place into a beaker

5.  To the L cuvette

a. Add 2ml of DPIP, cover it with parafilm, and mix.

b. Wipe the cuvette with a kimwipe and insert it into the spec 20 chamber and close the                          

    lid

c. Record the absorbance in the 0 time box, of the L column, and record the “0” time in  

    min and sec.

d. Remove the cuvette and place it 50cm in front of the light source.  

6.  Record absorption for cuvette L and D at T 0 and every minute for 3 minutes, then      again at 5, 10, and 15 minutes in Table 1. 

Table 1: Data - Absorption of Light versus Time

                                                 “0” Time=____min ____sec     “0” Time=____min _____sec

      Time (min)
Cuvette D  (dark)
  Cuvette L  (light)

              0



              1



              2



              3



              5



             10



             15



_____ Teacher Checkpoint (teacher initial)

7. Describe the color of the two cuvettes.

8.  Graph your results.

8. Clean up.

ANALYSIS AND CONCLUSION
1.  Did a chemical reaction occur in this lab?  If so, how so you know?

2.  What caused the DPIP to change color?

3.  What is the role of photolysis in this experiment?  

4.  What was the variable and how did the variable affect results in cuvettes L and D?

5.  A horticulturist comes to you for advice.  Help the horticulturist design an optimum growing chamber.

6.  Phylum Rhodophyta is a red seaweed.  Predict the outcome of this experiment if a species of Rhodophyta was used instead of spinach.

7.  How would you design an experiment to determine how different colors of light affect photolysis?  Photosynthesis?

IV. ELABORATION OF SCIENTIFIC PRINCIPLE:      

      INQUIRY-BASED STUDENT INVESTIGATION
The purpose of this part of the lab is to provide the student with an opportunity to display his/her knowledge on the topic of photosynthesis.  This will be achieved and evaluated by their ability to design an experiment that will test the effectiveness of different wavelengths of light.  The student will then be able to analyze collected data determines which wavelengths are used in the processes of photosynthesis.

(Other options, such as light intensity, might be considered for this section)

PROBLEM

What colors are used by plants during the reactions of photosynthesis?

The teacher will display the varying colors of the spectrum using a light source and various colored filters. 

    
Which colors will be the most useful to the plant during 


photosynthesis?


Which colors will be the least useful to the plant during 

             photosynthesis?

PROCEDURES AND DIRECTIONS FOR INSTRUCTOR:

A.  Place the following materials on each lab table:

Spectrophotometer

Funnel

Buffer Solution


Ice

               
Cuvettes


Eye dropper

           

Spinach Leaves


Pipette

               
Light Source 


Mortar and Pestle

               
Various Beakers

Distilled Water

                
Colored Filters


Graduated Cylinder


      
Kimwipes


Petri Dishes

                
Paper towels 


Thermometer


      
Textbook


Cheesecloth






      
Gloves



Apron


      
Scalpel



Graph Paper


      
Filter Holders


Pipetter



Goggles


Teacher should dispense DPIP when the lab team is ready for it.

B.  Students should be instructed to design their OWN experiment to test which colors are the most/least useful to the plant using any/all/some of the equipment listed above.


_____ Teacher Checkpoint (teacher initial)

C.  The experiment must be done in the following format:



1.  Title



2.  Purpose of Lab*



3.  Background



4.  Hypothesis*



5.  Procedure*

6. Conduct experiment

7. Record Data*

8. Analysis and Conclusions/Summary

*Indicates stages of the lab that the student should get instructor approval before proceeding.

*Expected results should be recorded on a data table and graphed.

*The data table and graph should be developed by the students, as is  

appropriate to their experiment. 


DISCUSSION OF RESULTS


Compare results from the lab groups with each other and with the hypotheses.


Arrive at a consensus concerning the relative usefulness of different colors of light in    
photosynthesis.


Relate the results of the student labs to any misconceptions about light color and photosynthesis 
that may have arisen during the introductory session.

V. EVALUATION
The following will be used to evaluate the students’ understanding of the topic and provide an opportunity for further inquiry.

Instruct students to develop five(5) questions pertaining to their experiment.

Each group is responsible for developing a concept map.

The instructor will provide only the word PHOTOSYNTHESIS.

This map should be completed in such detail, as to cover all of the major concepts and terms of the topic of photosynthesis. 

*This material is based upon work supported by the National Science Foundation under Grant No. ES1 9618936.   Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science Foundation.
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