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Exercise 2. Pigments in Photosynthesis

Materials

Forceps

Distilled water bottle
Coleus leaves

Large petri dish

1 1000-mL beaker
1 400-mL beaker
12Kl solution

Hot plate

Introduction

Plants synthesize various pigments — substances that absorb light. If a pigment absorbs all
wavelengths of light, it appears black. Other pigments absorb some wavelengths and reflect
others. Yellow pigments, for example, reflect light wavelengths in the yellow portion of the
visible light spectrum, green pigments in the green spectrum, and so on.

Green colors in plants are produced by the pigments chlorophyll a and b, which are located in
the chloroplasts. Yellow, orange, and bright red colors are produced by carotenoids, also in
chloroplasts. Blues, violets, purples, pinks, and dark reds are usually produced by a group of
water-soluble pigments called anthocyanins that are located in vacuoles and do not contribute
to photosynthesis. Additional colors may be produced by mixtures of these pigments in cells.

Working with your lab group, you will use the IKI test for starch to determine which pigment(s)

in a Coleus leaf support photosynthesis.

Research Question: Where in a colored Coleus leaf does photosynthesis occur?

Hypothesis: Examine the Coleus leaf and formulate a hypothesis based on the leaf colors.

Prediction: Predict the results of your experiment, based on your hypothesis.




Procedure

1. Make sure the alcohol used in Exercise 1 is at a slow boil in the water bath.
2. Record the pigments present in your Coleus leaf in Table 2 below, based on the

descriptions provided in the introduction.
3. Predict the results of the I,K| test for starch in each area of the leaf witha “ +*“ (positive

for starch) or “ - “ (negative for starch) in Table 2.
4. Take a photo or sketch an outline of your leaf, noting the color distribution. Using
forceps, carefully drop the Coleus leaf in the boiling alcohol to extract the pigments.
5. Remove the leaf when it is almost white, rinse it with distilled water, and perform the

K| test as you did in the previous experiment.

Table 2. Predicted and observed resuits for starch presence in colored regions of the Coleus leaf.

Prediction for Actual results for

Color Pigment name presence (+) or presence (+) or
absence (-) of starch | absence (-) of starch

Green \{ L5 YQ)
Purple >/€ C \/ €S
Pink N & NJo
White No [V

Results

1. Record your results in Table 2 above.

Discussion

1. Evaluate your hypothesis and explain your results in terms of your hypothesis.




e SRR

osed of cotton cellulose, which is a polar polysaccharide.

3. Chromatography paper is comp
4. The solvent, petroleum ether and acetoné is relatively nonpolar.
nthetic pigments to

he pigments. Look at the

ace

ructure of the four photosy
ern fort
ding to polarity in the sp
in each molecule.

Use this information and the molecular st
hypothesize about solubilities and predict the separation patt

structure of the four pigments (Figure 3) and rank them accor
provided. To determine polarity, count the number of oxygen atoms present

bility of the chlorophyll molecules and the

Research Question: What is the relative solu
carotenoids?

Form a hypothesis about the relative solu

on their

Hypothesis: bility of the four pigments, based
relative polarity.

Prediction: Predict the order of the four pigments on the chromatography paper (after

exposure to petroleum ether), from starting line to front.




Procedure
a mortar, along with a pinch of sand and enough

1. Add several fresh spinach leaves tO
acetone to just cover the bottom of the mortar.

2. Use the pestle to grind the spinach leaves into th

pigments from the tissue).
3. Continue to grind the tissue until you see a bright green, non-translucent liquid
accumulate at the bottom of the mortar.

Note: Avoid over-grinding the leaves. The liquid should be relatively free of plant debris.

e acetone (the acetone extracts

tip on the chromatography paper.

4. Draw a pencil line just above the pointed
f the pigment extract and streak the extract

5. Using a capillary pipette, draw up some 0

pencil line. Allow the paper to air-dry.

a single band of bright green pigment on

across your
6. Repeat step 5 fouror five times, until you have

your chromatography paper.

Note: The darker your band of pigment, the better your results will be.

nd a cork stopper. Attach the top of your paper to the
t tube and apply the cork stopper.

t tube just above the pointed tip, but
dd in your tube.

7. Obtain a large test tube a cork’s
protruding hook. Insert your paper into the tes
8. Use a wax pencil to mark the outside of the tes
below your pigment band to indicate how much solvent toa
the petroleum ether. Immersion

Note: It is important that the pigment band is not immersed in
will elute the pigments.

The separation of pigments will take about 15-20 minutes.

t the front is near the top of the paper, remove the paper
stopper your test tube

Id be returned to the flask.

9. When the leading pigment a
from the test tube and lay it on the bench to dry. Re-

immediately to avoid inhaling fumes. The solvent shou

Results

1. Draw a diagram or take a photo of
number (Figure 4) and caption.

your results and include it below with a figure

11



Figure 4. (Add your caption here.)

Discussion

Evaluate your hypothesis and interpret your results in terms of the hypothesis.

12



ST

Hypothesis: Refer to Fi .
. : gure 2 to formulate a hypothesis about the general relationship of each
pigment to the color of light it absorbs. p

Predictions: Predict the wavelengths of light at which absorption will be greatest for each
pigment.

Procedure

1. Your instructor will provide
you with pre-cut pieces of
chromatography paper on
which a particular pigment
has been separated
(chlorophyl a, chlorophyll b,
beta carotene, or
xa nthom’wl‘lx:

2. Dilutq the plgments as
follq\«s: Cufun th
chrorgateg 20w paper with
your assigns - pigment in
a small (2Q-mL} beakep. A%

T —

10 mL of acetohe to th‘ % Figure8 SPECIRONIC 20D spectrophotometer
s o KLY,
beaker and swirl the . L, Sample compartment 7. Print
®.3. Digital readout 8. Wavelength control
contents to elute the 3. Mode indicators 9. Transmittance/Absorbance control (100%T/0A)
R w4 Modo selection 10. Power switeh/Zero Control
pigment. 5. Decrease 11, Filter lever

6. Increasc

3. Fill one cuvette 2/3 full
with the pigment extract
from step 2. Fill a second
cuvette 2/3 full with clear acetone (this will be your reference material).

4. Wipe both cuvettes with a Kimwipe to remove fingerprints, and handle cuvettes only

with Kimwipes from this point forward.
5. Measure the absorption spectrum. Record your measurements in Table 3.

Figure 5. Spectrophotometer with labeled parts.

14



Table 3. Absorbance of photosynthetic pigments extracted from fresh spinach leaves.

Wavelength
nm

Chlorophyli a

Chlorophyllb | Xanthophyll

Beta

Il pigments
Carotene Al Py

400

420

460

480

500

520

540

560

580

600

620

660

680

700

720

16



Results

1. Using the pooled class data provided by your instructor, plot the absorption spectrum

for each pigment in an Excel graph.

a. Complete Table 4 below.
b. Create a single graph that displays results of the five treatments (data from the

four individual pigments + the “all pigments” data set). Be sure to label your axes

correctly and provide a legend. Use the scatterplot function and select the format

that connects the data points.
c. Copy and paste your completed graph in the space below and add a figure label

(Figure 6) and caption below the graph.

Table 4. Summary of the wavelengths (in nm) that were maximally and minimally absorbed by
each photosynthetic pigment.

ngth(s) of
Pigment Predi::idksa :):;r)p tion Mawxiar::IE:‘n'a:lt;:g)p‘t’ifon M::iar:\'::(f:‘il:)s:r::tlon
Chlorophyll A
Chlorophyll B
Xanthophyll
Beta carotene

Figure 6. (Add your caption here.)

T




Discussion

1. Interpret your results in terms of your hypothesis. Was your hypothesis supported?
Explain.

General conclusions

1. Make some generalized conclusions about photosynthesis. What did you learn about
pigments and light energy? Consider all the exercises. For example: What is the role of
chlorophylls, carotenoids and anthocyanins in leaves? How do they contribute to
photosynthesis? Why might plants have more than one kind of pigment? How do

different wavelengths of light support photosynthesis?

18
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