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Finding the Absorption Spectrum of Coleus Leaves 
 

 
Plants contain primary and secondary pigments that are necessary for absorbing 
energy utilized in the process of photosynthesis. Students will determine the 
absorption spectrum of a sample to derive the wavelengths most efficiently used 
by the pigments in different colored leaves. 
 
 

Advance Preparation: Turn on the spectrophotometer to allow warm-up time to 
assure accuracy in measurement. 

 

Part A:  Sample Preparation 
Live plant material is used in the absorption analysis.  Chlorophyll and other 
pigments are removed using the protocol provided below. 
 
Materials (per team): 
 

Balance 
Coleus leaf  
Mortar and pestle 
30 mL of ethanol 
35 mL syringe   
100 mL beaker 
Funnel lined with a coffee filter 
Safety goggles 

 
SAFETY 
Wear goggles and aprons when working with chemicals. 
Alcohol is volatile and flammable. 
Avoid breathing in vapors of the reagents. 
 
 
Procedure: 
 

1. Prepare an extract of chlorophyll by weighing 0.3 grams of your leaf 
sample.  Make sure the sample includes all of the different colors on the 
leaf.  Tear the leaf section into small pieces and place the tissue in a mortar 
for grinding.  

2. Add 10 mL of ethanol to the sample and grind with the pestle until only tiny 
specks of leaf tissue remain. Add an additional 20 mL of ethanol to the 
mortar.  

3. Filter this liquid into a beaker through a funnel lined with a coffee filter.   
4. Dispose of the filter in the designated trash bin. 
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Part B:  Calibration 
 
The extract must fall into a specified range to provide a reading with the 
spectrophotometer. A sample that is too concentrated will not provide a valid 
measurement.  To assure the sample falls within a readable concentration range, 
follow the steps provided. 
 
Materials: 
 

Two 3 mL syringes 
Ethanol 
Plant extract from Part A 
2 cuvettes 
Kimwipes 
Sharpie marker 
Small test tube rack 
Genesys 20 Spectrophotometer 
 
Procedure: 
 
1. Set the spectrophotometer wavelength to 640 nm. 
 
2. Push the A/T/C button to select % transmittance.  The digital readout will show  

%T. 
 
3. Label one of the 3 mL syringes ethanol. Label the second syringe leaf extract. 
 
4. Dispense  3 mL of ethanol into a clean glass cuvette. (Wipe off finger prints 

with a Kimwipe.)    Important:  This cuvette is a “blank” that will be used 
throughout this lab to calibrate the spectrophometer. 

 
5. Insert the blank in the cell holder and close the door. 
 
6. Press the 0 ABS/100%T key to set the blank to 100% transmittance. 
 
7. The blank provides a standard for reading.  Remove the blank and proceed 

with testing the extract by following the same procedure.  
 
8. Dispense 3 mL of the extract into a clean glass cuvette.   (Wipe off all 

fingerprints with a Kimwipe.) 
 
9.  Insert the cuvette in the cell holder and close the door. 
 
10.  A reading of 30%-40% transmittance is best.  If %T is greater than 40%, you 

may skip the dilution step.  If it shows less than 30% transmittance, dilution of 
the sample is required. 

 
11. To dilute the filtered extract, add 0.5 mL of ethanol (using the clean ethanol 

syringe). Tightly hold a finger over the cuvette and invert to mix.  Re-test the 
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percent transmittance. Continue with 0.5 mL increments of ethanol until the 
reading is greater than 30% transmittance.   

 
Part C:  Testing Plant Extract 
Determine the absorption spectrum for the pigments in the coleus leaf following 
the steps provided. 
 
Materials: 
Blank prepared in Part B 
Plant extract from Part A 
Kimwipes 
 
Procedure: 
 

1. Look at the data table and note the readings range from 400 nm – 700 nm 
(with increments of 20nm).  This is the range for testing. 

 
2. Set the wavelength on the spectrophotometer to 400 nm.  
 
3. Set the mode to “absorbance” by pressing the A/T/C button until an  A 

appears at the right of the digital display. 
 

4. Insert the blank (clean with a Kimwipe) in the cell holder and close the door. 
 

5. Press the 0 ABS/100%T key to set the blank to 0 absorbance. 
 

6. Remove the blank and insert the clean cuvette containing the chlorophyll 
extract. 

 
7. Record the digital readout for the absorbance in the data table. 

 
8. Continue to increase the wavelength by 20 nm each time and repeat steps 

4-7.  Remember to use the blank for each new wavelength setting!! 
 

9. Graph the data using the instructions provided for Excel 2007. 
 

10. Dispose of the leaf extract in the waste container in the fume hood. 
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Instructions for Excel 2007 Version 
1.  Enter the data in an Excel Spreadsheet 

 Column A: Wavelength 

 Column B: Absorbance  
2. Click on any cell in the data 
3. Next, click on Insert tab.  Then choose Scatter. 
4. Choose the wavy line graph without data points.  A graph will appear using your 
data. 
 

To change increments on the X axis 
a. Make sure to click on the graph 
b. Under “chart tools” click on 

Layout→ Axes→  Primary 
Horizontal axis→ More Primary 
Horizontal Axis Options 

c. In order to change the values, 
click the Fixed option.  Choose 
Minimum to be 350; Maximum to 
be 750; Major unit to 50; then click 
to close 

 

To change increments on the Y axis  
a.  Make sure you are clicked on the  

graph 
b.  Under “chart tools” click on  
     Layout→ Axes→  Primary Vertical    
     axis→ More Primary Vertical Axis    
     Options 
c.  Choose Minimum to be 0; Maximum      
     to be 3; Major unit to 0.2; then click to     
     close 
 

To label your X axis 
a. a. Go to Layout→ Axis 

Titles→Primary Horizontal Axis 
b. b. Choose “Title below Axis” and 

then type “Wavelength (nm)” in 
the text box 

 

To  label your Y axis 
a.  Go to Layout→ Axis Titles→Primary  
     Vertical axis 
b.  Choose “Rotated Title” and then type   
    “Absorbance” in the text box 
 

To edit the legend 
a. Click on the graph; click on Design; click on select data;  click on 

edit; then type in  the series name and click OK; then click OK again  
 

To put a title on your graph 

a.  Go to Layout→ Chart Title 
b. Choose “above Chart” and then type a name for your graph in the text box 
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Name________________________________ 
         

Leaf type:  ________________________     

 
 
         

Wavelength Absorbance        

400 nm          

420 nm          

440 nm          

460 nm          

480 nm          

500 nm          

520 nm          

540 nm                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

560 nm          

580 nm          

600 nm          

620 nm          

640 nm          

660 nm          

680 nm          

700 nm      
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Thinking Like a Scientist:  Describe, Analyze and Explain 
 

1. List the different colored pigments that are visible in your leaf before you put 
it in the mortar. 

 
 
2. When you grind the leaf in the mortar with ethanol, what color is the liquid at 

the beginning?   
 

After several minutes of grinding, what color is the liquid? 
 

Explain your observations. 
 
 

 
3. What is the purpose of accessory pigments in leaves? 

 
 

 
4. What is the difference between transmittance and absorbance?   

 
 
 
 

          Which do we test, and why? 
 
 

 
 

5. At which wavelengths does the extract from your leaf absorb the most light 
energy? 
 

 
 
 

6. Compare your answer to #5 with other lab groups.  Is it the same or 
different? 

. 
 

 
7. Why does the extract absorb more light energy at some wavelengths and a 

lesser amount at others?  Explain the pattern you see with wavelengths. 
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TEACHER ANSWER SECTION 
 
Thinking Like a Scientist:  Describe, Analyze and Explain 
 

1. List the different colored pigments that are visible in your leaf before you put 
it in the mortar.   Answers will vary depending on the leaves provided and 
student observations. 

 
2. When you grind the leaf in the mortar with ethanol, what color is the liquid at 

the beginning?  When grinding the multicolored leaves, the liquid will not 
appear green at first, but rather the predominant color of the leaf.  (Purple 
leaves produce a very purple liquid at first). 

 
After several minutes of grinding, what color is the liquid?  green 

 
Explain your observations. Even though leaves may appear to have  
 pigments other than green,  an abundance of the green pigment,       
chlorophyll, is beneath the epidermal layer.   Chlorophyll absorbs light 
energy required for the process of photosynthesis.  The other pigments are 
accessory pigments . 
 

3. What is the purpose of accessory pigments in leaves?   The role of 
accessory pigments is to absorb a wider range of wavelengths. They 
absorb additional light and increase the energy available for 
photosynthesis. 
 

4. What is the difference between transmittance and absorbance?  
Transmittance is referring to the wavelengths of light that are passing 
through a sample.  Absorbance is referring to the wavelengths of light that 
are NOT passing through, but rather being “used.”  

 
Which do we test, and why?  We test for absorbance.  Wavelengths of light 
that are transmitted are NOT being used by the plant.   
 

5. At which wavelengths does the extract from your leaf absorb the most light 
energy?  All leaf extracts will show a definite peak at 440 nm and 660 nm.  
This is in the blue and red color range of the spectrum. 
 

6. Compare your answer to #5 with other lab groups.  Is it the same or 
different?  All lab groups, no matter what color the leaf, should see similar 
results. 

 
7. Why does the extract absorb more light energy at some wavelengths and a 

lesser amount at others?  Explain the pattern you see with wavelengths. 
Students will notice that red and blue wavelengths have the greatest peaks 
because they are absorbed in greater amounts.  Other wavelengths are 
absorbed at lesser amounts.  For example, the green wavelengths of light 
are not absorbed by the extract but reflected (transmitted) to make the leaf 
appear “green.
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wavelength spinach  
purple 
coleus 

pink 
coleus 

purple 
jew 

      400 1.58 1.113 1.154 1.08 
      420 1.926 1.431 1.497 1.415 
  

        

440 2.153 1.59 1.688 1.572 
  

        

460 1.529 1.138 1.222 1.106 
      480 1.156 0.853 0.904 0.821 
      500 0.331 0.284 0.239 0.254      This is an example of data taken from four 

520 0.174 0.182 0.117 0.146 
 

different colored leaves, showing the  
540 0.183 0.186 0.122 0.158 

 
similar absorption spectra. 

 560 0.195 0.194 0.135 0.161 
      580 0.256 0.24 0.189 0.215 

      600 0.295 0.268 0.227 0.246 
      620 0.368 0.319 0.288 0.297 
      640 0.418 0.354 0.346 0.342 
      660 1.065 0.869 0.897 0.877 
      680 0.369 0.309 0.298 0.305 
      700 0.078 0.066 0.04 0.05 
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