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Observation of Photosynthetic Structures and Pigments 
 

I. Introduction to Photosynthesis 

 

The importance of photosynthesis cannot be overstated.  All life depends on this 

metabolic process.  Plants depend on photosynthesis as a way to produce the 

carbohydrate glucose (a six-carbon sugar that can be used for energy).  Consumers, 

including herbivores, carnivores, and omnivores, also depend, either directly or 

indirectly, on the organic molecules that comprise plant tissue.  Photosynthesis is a 

complex anabolic (building large macromolecules from smaller molecules) process that 

occurs in the chloroplasts of plant leaves.  In its simplest form, photosynthesis captures 

energy from sunlight and uses it to form glucose (C6H12O6) from carbon dioxide (CO2) 

and water (H2O).   

We can summarize the overall process of photosynthesis in the following basic 

equation: 

 

6 CO2    +     6 H2O     +         LIGHT                  C6H12O6     +     6 O2 

 

 However, the exact metabolic processes involved in photosynthesis are much 

more complex than the simplified equation shown above suggests.  As we learned in the 

lecture portion of the course, we can divide the process of photosynthesis into two stages, 

the light reactions that require sunlight and the dark reactions (or Calvin Cycle) which 

do not require light.  In the light reactions, light energy is used to make the NADPH and 

ATP molecules that are needed for the dark reactions.  The light reactions take place 

within photosystems embedded in the thylakoids of choloroplasts (see Figure 1).  

These photosystems require photosynthetic pigments (such as chlorophyll a, chlorophyll 

b, carotenoids, and xanthophylls) to absorb sunlight and direct that energy to make 

NADPH and ATP.     

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Chloroplast structure 
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Once NADPH and ATP molecules are formed, they are sent off to the stroma 

(see Figure 1) of the chloroplasts where they are used to make glucose molecules during 

the dark reactions (the Calvin Cycle).  Basically, the Calvin Cycle uses ATP as a source 

of energy and NADPH as a source of electrons to take the carbon atoms from CO2 

molecules and link them together to form a six-carbon glucose.  Thus, for every glucose 

(C6H12O6) molecule made in photosynthesis, a chloroplast requires six CO2 molecules.   

  

II. Objectives 
1. Be able to complete and explain the overall chemical equation for photosynthesis. 

2. Describe chloroplast structure and function. 

3. List the four photosynthetic pigments and explain their chemical properties. 

4. Describe and explain the protocols used to separate plant pigments. 

5. Describe external and internal leaf anatomy, with a focus on structures involved in 

photosythesis. 
 

III.  The Chloroplast 

 

At some time during today’s lab, observe the three-dimensional model of a plant 

chloroplast.  Recall, that in eukaryotic cells, photosynthesis takes place within 

chloroplasts.  Chloroplast structure is quite variable, particularly among the algae, which 

are protists from which organisms in the kingdom Plantae share a common ancestor.   

The chloroplasts of plants (as seen in the model) are typically disk shaped and measure 

between 4 and 6 micrometers in diameter.  Use the chloroplast model in lab and Figure 1 

to answer the following questions: 

 

Chloroplasts are bound by how many membranes? __________________________ 

 

Describe the internal structure of the chloroplast: 

 

 

 

 

 

How are the thylakoids arranged? 

 

 

 

 

 

 

What do we call this arrangement of thylakoids? __________________________ 

 

 

Which stage of photosynthesis occurs in the thylakoids?  __________________________ 
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Which stage of photosynthesis occurs in the stroma?  __________________________ 

 

IV.  The Leaf as an Organ for Photosynthesis 
  

 Leaves are plant organs that are specialized to carry out photosynthesis.  Leaves 

contain certain cells that are packed with chloroplasts to carry out photosynthesis.  

Leaves also are responsible for constantly exchanging gases (CO2 and O2) necessary for 

photosynthesis with the surrounding environment.  This exchange of gases between the 

atmosphere and the leaves of terrestrial plants occurs through microscopic openings on 

the leaf surface called stomata.  Gas exchange in aquatic plants, such as Elodea, which 

we observed earlier in the semester, may occur directly across cell membranes.   

 We already learned how leaves are classified according to their positions on a 

stem (opposite or alternate, simple or compound, etc), their venation (parallel or veined), 

and their leaf margins.  Today we will observe the external and internal anatomy of 

leaves.  We will focus on the structures used by leaves to carry out photosynthesis.   

 

A.  Leaf Epidermis 
 Obtain a prepared slide of a leaf epidermis Observe under both low and high 

power.  Sketch what you see under high power in the space below. 

 

 

 

 

 

Note that many of the epidermal cells have an irregular shape.  Scattered throughout the 

epidermis are openings called stomata (singular, stoma).  Each stoma is surrounded by 

two bean-shaped guard cells. 
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What is the function of the guard cells? 

 

 

 

 

Do any of the epidermal cells appear to contain chloroplasts?  If so, which? 

 

 

Why would such epidermal cells contain chloroplasts? 

 

 

 

 

B. Internal Anatomy of Leaves 
Obtain a prepared slide of a cross sections of a lilac (Syringia) leaf for examination of 

the internal tissues.  See Figure 2 for a labeled diagram of internal leaf anatomy.   

 

 
 

 

 

 

Below the upper epidermis is a region of palisade tissue, consisting of one of more 

layers of elongated cells with the long axis of the cell perpendicular to the surface of the 

leaf.  Palisade cells contain numerous chloroplasts. 

 

What is the function of palisade tissue?  

 

 

Figure 2. Internal leaf anatomy 
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Under the palisade tissue, locate a region of rounded cells, which constitute the spongy 

tissue.  The palisade and spongy tissue are collectively called the leaf mesophyll.  Note 

the presence of numerous intercellular spaces in the mesophyll.  Locate the stomata. 

 

Are chloroplasts common in the spongy layer?  Why or why not? 

 

 

 

What is the relationship between the stomata and the intercellular spaces of the 

mesophyll?  

 

 

 

 

Are stomata as common on the lower epidermis as they are on the upper epidermis?  Why 

or why not? 

 

 

 

 

The veins of a leaf are vascular bundles that are continuous with the vascular tissue of 

the petiole (the structure which connects a leaf to a stem) and stem.  A vein contains 

xylem (which is used for the transport of water) and phloem (which is used for the 

transport of dissolved sugars, or sap). 

 

What is the function of the bundle sheath surrounding the vascular bundles? 

 

 

 

Notice the waxy, non-living cuticle that covers the leaf epidermis.  What is its function? 

 

 

 

 

V.  Separation of Plant Pigments, Part I: Chromatography  
 

Absorption of light energy in plants is made possible by the presence of pigments 

embedded in the thylakoid membranes of chloroplasts.  Plants typically appear green to 

the human eye.  This results from the reflection of green light from the pigments 

chlorophyll a and chlorophyll b.  Thus, chlorophyll a and chlorophyll b absorb all other 

wavelengths of visible light except those in the green and blue-green range.  Reflected 

light energy is generally not available to photosynthesis.  Only the absorbed light energy 

can be used to do work in photosynthesis.  Chlorophyll a  is the primary photosynthetic 

pigment in plants.  Other pigments, the carotenoids (orange), xanthophylls (yellow), 
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and anthocyanins (red) also participate in photosynthesis to increase the absorption 

spectrum and aid in photoprotection. 

In this exercise you will prepare a pigment extract from the chloroplasts of 

spinach leaves.  You will use a technique called paper chromatography to separate the 

various pigments based on differences in their molecular structures.  The pigments 

identified above (chlorophylls a and b, carotenoids, and xanthophylls) can be extracted 

and separated for analysis by several methods.  We will do a simple chemical extraction 

using an acetone solvent. The extract obtained by this method will contain all of the 

pigments; keep this in mind as you proceed with the analyses. 

  

A.  Extraction of pigments from spinach leaves 
 

Materials needed: 

Chromatography solvent 

Strip of chromatography paper 

vial and cap 

Spinach leaf 

pair of scissors 

 

 Procedure: 

  1.  Add 1 ml of chromatography solvent to the vial and cap tightly. 

  2.  Obtain a piece of chromatography paper long enough to fit into the vial. 

 3.  Draw a faint line approximately 1 cm above the end of the strip 

 4.  Cut the end of the strip below the line that you drew to form a V. 

  5.  Place a piece of spinach leaf over the  line that was drawn and using the edge 

of a coin rub over the spinach leaf to extract the pigments.  Try to make a straight line, 

rather than a large smudge.   

Repeat this several times using different parts of the leaf, making sure that the line is 

relatively dark. 

6.  Remove the cap of the vial and carefully place the chromatography strip into 

the vial so the pointed end is just touching the solvent. 

7. Tighten the cap on the vial and let it sit undisturbed.   

8. Observe the pigment separation as the solvent is drawn up the 

chromatography strip.  You should see different colors during this process. 

9. When finished empty remaining solvent in chemical waste containers, rinse 

vial and return to your tray. 

 

B. Chromatography of extracted pigments 

Chromatography allows the separation of similar compounds utilizing their 

slightly different solubility and adsorption characteristics.  Extracts of these compounds 

are applied to various media (such as paper, ion-exchange resins, or silica gel) and 

allowed to migrate throughout the medium.  The rates of migration for individual 

compounds differ according to the chemical structure of the compounds, the nature of the 

chromatographic medium, and physical factors such as pH and temperature.  By varying 

composition of the solvent and medium used and controlling physical conditions, the 

compounds can be physically separated and identified by various means.  

  Most photosynthetic pigments are insoluble in water but soluble in non-polar 

solvents such as ether, acetone and chloroform.  One can therefore make use of this 
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property in resolving a solution of pigments into its individual components. The 

technique of paper chromatography will be utilized to resolve a chloroplast preparation 

into its components.  Paper chromatography is a useful, yet relatively easy, technique for 

separating and identifying pigment and other molecules from cell extracts that contain a 

complex mixture of molecules.  The solvent moves up the paper by capillary action, 

which occurs as a result of the attraction of solvent molecules to the paper and the 

attraction of the solvent molecules to one another.  As the solvent moves up the paper, it 

carries along any substances dissolved in it.  The pigments are carried along at different 

rates because they are not equally soluble in the solvent. The more non-polar a pigment is 

the more soluble it is in the nonpolar solvent and the faster and farther it proceeds up the 

chromatography paper. 

 

1. Identify the following pigments on your strip: 

 

       chlorophylla   - blue-green  

       chlorophyllb  -  yellow-green  

        xanthophylls  -  yellow  

        carotene  -  orange to deep yellow 

 

2. Using a pencil, mark and label where the each pigment stopped and set aside 

to dry. 

  11. Measure the distances that each of the pigments has moved from the origin 

and calculate an Rf value for each using the formula: 

 

Rf   =  distance pigment moved / distance solvent front moved 

 

12.  Record the Rf value for each pigment below: 

 

SUBSTANCE DISTANCE MOVED (mm)  Rf VALUE  

chlorophylla   _____________________  _____________________ 

chlorophyllb  _____________________  _____________________  

xanthophylls   _____________________  _____________________ 

carotene  _____________________  _____________________ 

solvent front  _____________________  _____________________ 

 

 

Use your observations and the following information about the chemical 

properties of plant pigments to answer the questions below.  Beta carotene, the most 

abundant carotene in plants, is very soluble in the solvent being used today and it does 

not form hydrogen bonds with cellulose (the plant fibers used to make paper).  Another 

pigment, xanthophyll differs from carotene in that it contains oxygen.  Xanthophyll is 

thus less soluble in the solvent and will tend to make weak hydrogen bonds with the 

cellulose in the chromatography paper.  Chlorophyll's contain oxygen and nitrogen and 

will bound more tightly to the paper than the other pigments.  

 

Which pigment migrated furthest up the chromatography paper? ____________________ 
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Explain why, using information about this pigment’s chemical properties: 

 

 

 

 

 

Which pigment migrated least up the chromatography paper? ____________________ 

 

Explain why, using information about this pigment’s chemical properties: 
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VIII.  Discussion Questions 

 

1. Where in the cell are the photosynthetic pigments located?  

 

 

2. Where in the leaf do you find the cells that are responsible for photosynthesis?  Are 

these cells more concentrated in one part of a leaf then another?  Explain. 

 

 

 

 

 

 

3.  Where on the leaf do you find the stomata? What is the function of the stomata? 

 

 

 

4. How many different pigments could you identify on the chromatogram? Which one 

seems to be the major component of this leaf extract? 

 

 

 

 

5.  Compare and contrast paper chromatography and gel filtration. 

 

 

 

 

 

 

 

6.  Use your notes and observations of internal leaf anatomy to label as many structures 

as possible on the picture of a leaf cross section (x.s.) below.  

 

  


