SOTM LAB: B4b                                                         11/23/99

I. TEACHER NOTES & GUIDELINES

TITLE OF LAB: WAVELENGTHS OF LIGHT ABSORBED BY PLANT PIGMENTS

DEVELOPERS OF LAB: Mike Abrahamson JD550, James Clinton JD865, Jeanne Ditton JD875, Tom Kelly JD528, David Kibler JD850, Janice Martin JD561, Jim Prockup JD575

OVERVIEW OF LAB


DESCRIPTION:

The absorption spectrum of light by chlorophyll will be measured by a spectrophotometer (20D+).  A post-lab component will then follow to analyze the results.  To evaluate the students understanding of the lab they will be required to make a presentation on which color(s) of light would be best absorbed by chlorophyll and defend their choice.  The students will then design experiments to explore absorption spectrum of different plant pigments.

CURRICULUM CONSIDERATIONS:

This laboratory can be used with General, Regents, and AP Biology classes.  It can be used prior to photosynthesis or in discussions of energy.


SAFETY CONSIDERATIONS:

          There are no dangerous chemicals used in this lab.    

Students should be careful when handling glassware and electrical equipment.


BACKGROUND INFORMATION

A.  SCIENTIFIC VIEWPOINT:

The visible spectrum of light ranges from violet (the shortest wavelength with the most energy) to red (the longest wavelength with the least energy).  You see objects because of light reflected from their surfaces.  The color that you see represents the wavelength of light that is reflected.  Wavelengths of light that are not reflected are absorbed.  In nonliving objects the absorbed wavelengths are converted to heat and radiated back into the atmosphere.  The chloroplasts of green plant cells are able to absorb light energy and convert it to chemical energy and use this to create organic molecules through the process of photosynthesis.  The absorption spectrum, that will be graphed, is a measure of the amount of absorption of different wavelengths of light by chlorophyll.  The absorption spectrum can be determined with a spectrophotometer.  A spectrophotometer measures the proportions of light of different wavelengths absorbed and transmitted by a pigment solution.  It does this by passing a beam of light of a particular wavelength through the pigment solution measuring the proportion of light transmitted or absorbed and showing the reading on a calibrated scale.



B.  COMMON MISCONCEPTIONS:

Plants use green light best.

Plants are green because they absorb green light.

Plants only need green light.

OBJECTIVES

To determine which wavelengths of light are best absorbed by chlorophyll.

To graph data, draw conclusions, and compare to professional information.

To develop a hypothesis based on observations of the lab and design an experiment to test the hypothesis.

To extract plant pigments from plant tissues.

To gain experience using a spectrophotometer.

To confidently defend the hypothesis based upon the data collected in their experiment.

EQUIPMENT/MATERIALS


PROVIDED BY SOTM:



Spectrophotometer (20D+)

2 cuvettes/group

              
Kimwipes



*Red and Green Filters (for Pre-lab exercise option 2)



Color Absorption Transparency



Glass Rods



Wash Bottles



Plastic Droppers



Cheesecloth


             Mortar and Pestle

             PROVIDED LOCALLY:



Distilled water

             

Mortar and pestle

             

Spinach (fresh)

             

Graduated cylinder

             

Funnel


             

50mL Beaker (to hold cuvettes)



2 Flashlights (for Pre-lab exercise option 2)

NOTE: Additional materials for inquiry lab:

Different color or types of plants, squash, carrots, red maple leaves, beets, lettuce, pumpkin, coleus, etc.

ADVANCE PREPARATION

Turn on spectrophotometer twenty minutes before class begins.

Cut cheesecloth into 4” x 8” strips.

II. PRE-LAB

PRE-LAB EXERCISE TO ELICIT STUDENTS’ PRIOR KNOWLEDGE AND MISCONCEPTIONS
Option 1

Pre-Lab Exercise: Students are given the following questionnaire to assess their misconceptions

1. Do plants need all the colors of light to grow?  If not, what color would be best for plant growth and why?

2. What makes a plant green? 

3. Why do you see the color green?

4. When leaves change color in the fall where do the colors come from?

5. Is white a color?  Is black?  Explain.

6. Suppose that the beams of red and green spotlights overlapped each other on a wall.  What color would the wall appear to be if it were white?  Explain

7. Suppose a yellow banana and a red apple is illuminated with green light.

a.  What color would the banana be and why?

b.  What color would the apple be and why?

Option 2

Teacher Demonstration

1. Using red and green colored filters, cover two flashlights.  Shine two separate spots on a white screen and observe.

2. Then overlap the red and green spots – observe color in overlap region. 

3. Cover a flashlight with a green filter and then shine it through a red filter and observe what happens.
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Option 3

1. Teacher breaks class up into small groups of 3-4 students.

2. Each group discusses their understanding of photosynthesis by coming up with ten individual words dealing with photosynthesis.

3. Place the word photosynthesis on a poster board.  As a class, construct a concept map using each group’s words as they relate to the topic.

DISCUSSION OF PRECONCEPTIONS

Correlate the answers from the pre-lab exercise to determine which misconceptions the student has prior to the lab.

III. EXPLORATION OF SCIENTIFIC PRINCIPLE & 

       INTRODUCTION OF EXPERIMENTAL 

       PROTOCOL

PROBLEM

What color(s) of light does chlorophyll best absorb?

EXPERIMENT AND TECHNICAL OPERATION OF EQUIPMENT

NOTE: Never touch the cuvette with hands except for the rim of the cuvette.  Demonstrate with the use of Kimwipes.  Rinse cuvettes immediately after use.  Do not use a brush to clean cuvettes.

      Materials

Spectrophotometer (20D+)


Distilled Water

2 cuvettes/group



Mortar and Pestle

Kimwipes




Fresh Spinach

Red and Green Filters (for Pre-lab exercise)
Graduated Cylinder

Color Absorption Transparency


Funnel

Glass Rod




50 ml beaker (to hold cuvettes)

Wash Bottle

Plastic Dropper

Cheesecloth

Procedure

1. Turn on spec 20.  Let the machine warm up for at least 20 minutes.

2. Take 6 leaves of spinach.  Remove main vein.  Shred into small pieces and place in pestle.

3. Grind spinach with mortar and for 30 seconds and then add 20mL of distilled water.  Grind for two more minutes.  (NOTE: at this time mixture should appear dark green, pasty, and possibly foamy – no large pieces should be seen.)

4. Fold cheesecloth strip in half and then half again.  (Therefore it is four ply)  Place cheesecloth into funnel.

5. Put funnel into graduated cylinder and pour spinach mixture into cheesecloth.  Collect filtrate for experiment.  Discard used cheesecloth.

6. Pour 5mL of distilled water into first cuvette to act as a control for zeroing at the sequence of wavelengths. (This is called a blank.)

7. Pour 5mL of distilled water and 4 drops of green filtrate into second cuvette.  Mix by placing thumb over opening of cuvette and rotate upside down twice.  

8. Set wavelength to 360nm on Spec-20.  With nothing in receptacle (#1 ON DIAGRAM) and the mode indicator (#3) on transmittance, set the readout (#2) at 0% transmittance with the left dial (#10).  Now, set spec-20 mode for absorbance reading and place blank cuvette into receptacle.  Set absorbance to zero using dial on right. (#9)

9. Remove the blank and replace with green chlorophyll sample cuvette.  Read absorbance and record on data table.

10. Repeat steps 8 and 9 with wavelengths increasing every 40nm until 760nm is reached.  (NOTE: Be sure to move the filter lever when increasing wavelengths beyond 600nm.)

11. Clean all of the equipment.

12. Graph data using enclosed graph sheet putting Wavelengths on the X-axis and Absorbance on the Y-axis.

13. Compare your graph to the professional graph on the colored transparency sheet.

 DATA TABLE 1:

Wavelength
% Absorb

360


400


440


480


520


560


600


640


680


720


760


Graph results on a sheet of graph paper.  

Discussion:

1.    Could you determine which wavelengths would be used in photosynthesis? Explain.

2.    Does it matter which color of light is used to grow plants?  Why?

IV. ELABORATION OF SCIENTIFIC PRINCIPLE:

       INQUIRY-BASED STUDENT INVESTIGATION

PROBLEM

Based on your experience from the previous lab exercise, design your own lab experiment to investigate the absorption spectrums of different plant pigments.

HYPOTHESIS OR PREDICTION

Guiding questions to help students form a hypothesis:

What other pigments are contained in plants besides chlorophyll?

What plants would contain high amounts of pigments other than chlorophyll?

Would you get different results if you used these other plants?

Would different plant pigments have different absorption spectrums?

EXPERIMENTAL DESIGN

Guiding Questions:

What pigment are you going to extract?

How will you extract this pigment?

What source are you going to use?

Will you use transmittance or absorbance?

Is it necessary to keep the volume of the blank and the volume of the sample the same?     Why or why not?

What procedures could you use to test your hypothesis?

What equipment will you need to test your hypothesis?

Can you give a rationale for every step of your experiment?

Checkpoint  (Teacher checks students’ experimental design for feasibility.)

PLAN FOR DATA COLLECTION & ANALYSIS

Guiding Questions:

How will your data be organized?  Do you need a data table to record data?

What will be the best form to interpret your data?  Will you need to graph your data to determine relationships?

Will you need to perform any calculations to interpret your data?  If so, what are they? 

Checkpoint  (Teacher checks students’ plan for feasibility.)

CONDUCTING THE EXPERIMENT

Students should be monitored for safety procedures and technological difficulties.

Checkpoint (Teacher monitors students’ investigations in progress.)

ANALYSIS OF DATA


Guiding Questions:
Is your data organized properly?

Are all graphs labeled properly with correct units?

If calculations were performed, do they contain the correct units?

Checkpoint (Teacher checks students’ analysis.)

DISCUSSION OF RESULTS

1.  COMPARE

Does your data support your hypothesis?

Was your hypothesis confirmed or refuted?

How do your results compare to your preconceptions of what would happen?

What experimental conclusions can you now draw from your data?

2.  PERSUADE

Guiding Questions:

(Students prepare a class presentation based on the following questions.)

What was your hypothesis?

Briefly describe your experimental design.

Present your data (graphs, tables, etc.) to class and explain your findings.

What relationships did you observe?

What conclusions did you draw?

Did your conclusions support or refute your hypothesis?

Are there other experiments that could now take this further?

Other students could then ask questions and discuss the experiment.

3.  RELATE

Suggestions to relate results to real world situations:

Why do clothes in a store with fluorescent lights sometimes look a different color when you get home or go outside?

Why do cosmetics look different colors in different types of light?  What happens if one puts on cosmetics in one type of light and then goes out into another type of light?

Why do some “make-up” mirrors have different color lights in them?

Why do most cars appear to be gray when you go out into a parking light at night that contains yellow lights?

Why do people often grow plants under violet lights?

In a dark room or at night, why do objects appear to have no color?

Why do blue spruce trees grow so slowly?

Why do supermarkets use red lights over meat counters?

Rubric for assessment of Student Inquiry Lab

Student’s Name___________________________

Student activity
Date of Completion
Teachers Initials

Students have proposed a question.



Students have proposed a hypothesis.



Students have stated reason for predicted outcome.



Students have created procedure



Students have considered safety and viability.



Students have created a material list.



Students have successfully run procedure.



Students have recorded data correctly.



Students have proposed ways to improve the procedure.



Have students tested their hypothesis?



Are the student’s conclusions consistent with their data?



Are student’s data, calculations and outcome logical and consistent with known scientific concepts?



What new questions have arisen during this lab?



V. EVALUATION

POST-LAB SURVEY OF STUDENTS’ CONCEPTIONS


Have students retake the Pre-Lab Exercise.  Compare pre-lab and post-lab responses.

TRADITIONAL

Post-Lab Questionnaire

1.  Do plants need all the colors of light to grow? If not, what color would be best for plant growth and why?

Answer:  no   

Answer:  blue and red

2.  What makes a plant green?

Answer:  chlorophyll 

3.  Why do you see the color green?

Answer:  Chlorophyll absorbs all colors but green which is reflected back to the eye.

4.  When leaves change color in the fall, where do the colors come from?

Answer:  The other pigments were always there but were masked by the chlorophyll.

5.  Suppose that the beams of red and green spotlights overlapped each other on a wall.

What color would the wall appear to be if it were white?  Explain

Answer:  Yellow, red and green 

6.  Suppose you bought a blue pair of pants in a store that was lit by fluorescent lamps.  Why would the color of the blue change as you looked at the pants under sunlight?

Answer:  The blue would be intensified under the fluorescent lamps.

7.  How do different-colored spotlights influence the appearance of a performer’s clothes, for example, a green spotlight on a performer in a red shirt?

Answer:  The shirt would appear black since red absorbs green.

8.  Which wavelengths (colors of light) are absorbed by chlorophyll?

Answer:  blue and red

9.  Which wavelengths (colors of light) are NOT absorbed by chlorophyll?

Answer:  all other wavelengths but blue and red 

10.  What does the peak on your graph indicate?

Answer:  The wavelengths that are absorbed most.

11.  Which color of light provides the most energy used for photosynthesis?

Answer:  blue

12.  Why is it that a blue spruce tree grows so slowly?

Answer: Blue spruce reflect some of the blue light needed for photosynthesis.

13.  What other trees grow very slowly?

Answer:  Japanese Maple (It has purple leaves.)     Many other varieties.

14.  If you worked in a greenhouse, what colors of light would you use to augment

photosynthesis?

Answer:  blue and red

15.  Why do plants contain more than one pigment to capture energy?

Answer:  They can capture energy from a broader part of the spectrum of light.

ALTERNATIVE

The Photosynthesis Corporation is looking at your Color Company for a product responsible for capturing light energy needed by the Photosynthesis Corporation.  They are interested in an efficient and cost-productive color.  This corporation will make you extremely wealthy if you secure their order.  You are going to be a sales representative from your company.  You need to convince the committee that you have the product they need to get the job done well and efficiently.  

· Select a color for your company.  (You may only be ONE color. Ex: Yellow Company)

· Make a presentation to the committee by telling them about your color and explaining why this would be the best color for the job.  Include why it would be efficient and cost-productive.  Make sure you address the issue of energy.

· Be prepared to answer questions by the interviewing committee.

· You should include visuals with your presentation. (charts, graphs, tables, etc.)

· You may also merge with another student’s Color Company and offer a multi-pack deal.  Be prepared to explain the advantages and disadvantages of merging if you choose to do this.

· A group of students can comprise the committee.  They can render their decision after all presentations are done.  A positive reinforcement can be given to the student or students that are selected.  The teacher could also form the committee if they wish.  Students could also present their findings to a group of parents or another class of students.

Color Company and Photosynthesis Corporation Rubric:

How well did the student:                                       Ex        G        F        P        Un  

Explain background information about                  4          3         2        1         0

their color

Present why they are the best                                 4          3          2        1         0

color

Address the issue of energy                                   4           3          2        1         0

Address the issue of efficiency                              4           3         2         1         0

and cost effectiveness

Use visuals to enhance presentation                      4
 3           2         1         0




Answer questions posed by the                             4          3           2         1        0

committee

Other:

Were the visuals clear, neat, and easy to                4           3            2         1        0

follow?

Was the student knowledgeable about the              4           3            2         1        0

subject matter?

Did the student use language that was                    4            3           2          1        0

proper and easy to understand?

How convincing was the student?                          4            3           2          1         0

(How would you recommend them to the 

Photosynthesis Corporation?)

Any other comments to consider? ___________________________________________

General Rubric for entire lab:

Excellent:  All criteria are met and the product or performance exceeds the assigned task and contains additional, unexpected, or outstanding features.

Good:  The product or performance completely or substantially meets the criteria.

Fair:  The product or performance meets some of the criteria and does not contain gross errors or crucial omissions.

Poor:  The product or performance does not satisfy a significant number of the criteria, does not accomplish what was asked, contains errors, or is of poor quality.

Unacceptable:  The student did not do the task, did not complete the assignment, or shows no comprehension of the activity.

Student Self-Evaluation for entire lab

1. Describe the purpose of this lab.

2. What new learning occurred for you as a result of doing this lab?

3. If you could continue working on this lab to take it a step further, what would you change and why?

4. What kinds of skills did you use in this lab that you will be able to use in other areas of your life?

5. How well did this project reflect your understanding of light, energy, and absorption spectrums?

*Adapted from Michael DuPree 1994 and Joyce G. Valenti 1996.

*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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