
Photosynthetic Research



J.B. Van Helmont (1600s)
• Set out to study truth in 

common belief:
▫ Plants obtained all food from soil.

• Found that after 5 years the 
plant increased its mass more 
than the mass of soil lost.

• Incorrect conclusion:
▫ Increase in water due                             

to absorption of water.



Joseph Priestley (1771)

• Conducted experiment with bell jar, candle and 
mint plant.

• Discovered how                                                          
gases play a role in 
photosynthesis.

▫ Plants release a                                                                 
gas necessary  for                                                            
combustion.



Jan Ingenhousz (1796)

• Confirmed Priestley’s findings.

• Discovered that plants release O2.

• First to discover:
▫ Sunlight essential for                                   

photosynthesis.

▫ CO2 used by plants.

• Incorrect conclusion:
▫ Production of O2 from CO2.



T.W. Engelmann (1882)

• Aerobic 
bacteria to 
determine 
where 
photosynthe
sis occurs



F.F. Blackman (1905)
• Determined the following:

▫ At low light intensities, rate of photosynthesis 
increases as light intensity increases (not 
temperature).

▫ At high light intensities, rate of photosynthesis 
increases by increasing the temperature (not light 
intensity).



F.F. Blackman (1905)
• Conclusion:

▫ Occurs in 2 stages:
1. Light-dependent (photochemical).

2. Light-independent (biochemical)



C.B. Van Niel (1930s)

• Experimented with purple sulfur bacteria.

▫ Bacteria absorb H2S and release sulfur gas.

• Conclusion:

▫ Plants absorb and split H2O to release O2. 



S.M. Ruben and M. Kamen (1938)

• Confirmed Van Niel’s findings.

• Placed Chlorella in “heavy” water.

▫ Used mass spectrometer to detect heavy oxygen 
released by Chlorella.

• Placed Chlorella in “normal” water containing 
“heavy” carbon dioxide.

▫ Normal oxygen was released by Chlorella.



Photosynthetic 

Organisms



stroma

thylakoid

6 CO2 + 6 H2O + light energy  [CH2O](aq) + O2 (g)

chlorophyll



Chloroplasts
 Photosynthesis factories

 Double membrane



Light Reactions
Where: Thylakoid

What happens: Photons excite electrons in the 
chlorophyll (in the thylakoid membrane).

Reactants: H2O, NADP+, ADP + Pi

Products: O2, NADPH, ATP

Role: Chemiosmotic ATP synthesis and formation of 
NADPH (a coenzyme)



The Calvin Cycle

Where: Occurs in the stroma

What happens:
Incorporation of CO2  into 

organic compounds such as 

glucose.

Reactants: CO2, NADPH, ATP

Products: Sugar, NADP+, ADP 

+ Pi

Role: Create sugar 

molecules



Mitochondria & Chloroplast 

Comparison



Chlorophyll

 Green-coloured pigment

 Pigment – molecules that absorb light

 Absorbs light energy to begin photosynthesis



Chlorophyll
 Porphyrin ring

 Mg atom at center,

surrounded by hydrocarbon ring

 Delocalized electrons in ring 

absorb light energy

 Functional groups affect light 

energy absorption

Porphyrin Ring

Phytol

Tail



Visible Spectrum



Red Bull Comic



Why Are Plants Green?
Chlorophyll a & b:
 Absorbs energy from blue-violet and red regions.

 Reflect green light.

Chlorophyll a: blue-green

Methyl group

 Transfers light energy to the carbon fixing 
reactions of photosynthesis.

Chlorophyll b: yellow-green

Aldehyde group

 Accessory pigment - absorbs photons that 
chlorophyll a absorbs poorly.



Chlorophyll a & b:



Other Accessory Pigments

 Carotenoids (e.g.,β-carotene):

 Produce colours

 Precursor of vitamin A  helpful for low light vision.

 Xanthophylls:

 Produce 

 Anthocyanins:

 Produce Red-colours

 Mainly in vacuoles



Photosynthetically Active Radiation (PAR)

 Wavelengths of light between 400nm-700nm that support photosynthesis

 Light is absorbed from the entire visible spectrum when all pigments are 
combined.



Leaves
 Photosynthetic organs of plants

 Structure to maximize surface area 

exposed to sunlight

 Primary function is photosynthesis



Transpiration

 Stomata cover 1-2% of leaf’s epidermal surface 

area

 Responsible for up to 85% of water loss

 Aids photosynthesis by:

 1 – transpiration pull

 2 – evaporative cooling effect

 Allow CO2 to diffuse into leaf

 Open & close due to 

osmosis following K+

movement Check it out!

http://academic.kellogg.edu/herbrandsonc/bio111/animations/0021.swf

