3.5.1 photosynthesis
updated 10/11/16

PHOTOSYNTHESIS
Prior knowledge from IGCSE:

1) Word equation for photosynthesis

2) Balanced symbol equation for photosynthesis

3) Name of the pigment found within the leaf that absorbs light

4) 3 main limiting factors of photosynthesis

5) Labelling diagram of a leaf – see the back of this pack of notes.

6) In what ways is the leaf adapted as an efficient organ for photosynthesis?

Remember the format – “it has ………………… so that it can ………………………”

Prior knowledge from previous topics:
Drawing of a molecule of ATP and equation to show how energy is released:
	


CHLOROPLAST STRUCTURE - Make a labelled diagram of a chloroplast:

	


Photosynthesis takes place as a series of reactions that can be split into two parts – light-dependent (which needs light), and light-independent (which doesn’t!)

LIGHT DEPENDENT REACTION

Higher green plants contain at least 4 pigments – the main one is chlorophyll.    
Chlorophyll looks green because it REFLECTS green light.  It absorbs red and blue light.
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The plant pigments are present in light gathering groups called photosystems.

They are held by proteins in the thylakoid membranes.

There are 2 different photosystems, called photosystem 1 and photosystem 2.
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When light hits the chlorophyll molecules in the photosystems it causes electrons to be excited.  These excited electrons leave the chlorophyll molecule, which becomes ionised.  This process is called photoionisation.  The electrons that leave the chlorophyll are picked up by an electron acceptor then passed along a series of carrier molecules, where some of their energy is used to make ATP.  This is called photophosphorylation.

The mechanism by which ATP is produced is referred to as the chemiosmotic theory.  This is described in bullet points on p271 and by a diagram on p272.  Use this information to produce a flowchart below:

Some of the energy from the excited electrons is also used to form reduced NADP.
Electrons from photosystem 1 end up returned to photosystem 1.
Electrons from photosystem 2 end up transferred to photosystem 1.
This leaves the chlorophyll molecules in photosystem 2 short of electrons – these are replaced by splitting water in the following reaction:-

2H20 ------------( 4H+ + 4e- + 202
This reaction only occurs in the presence of light and is called photolysis.

Photolysis of water makes hydrogen available for the light-independent reaction and gaseous oxygen is released.

THE LIGHT-INDEPENDENT REACTION

This takes place as a series of linked reactions that form a cycle.  
This is called the Calvin cycle after the scientist who first worked it out.  His experiment involved brightly illuminating the unicellular alga Chlorella in a lollipop shaped vessel.  It was exposed for short varying lengths of time to radioactive CO2 (14CO2), then put into boiling methanol to kill it and stop the reactions instantly.  Then chromatography and photographic film were used to identify the products found at that stage.  See page 279-280 of your textbook for further details.
3 major steps – all occur in the stroma of the chloroplasts.
1. Carbon dioxide fixation

Carbon dioxide is accepted by ribulose bisphosphate (RuBP) (……… carbons) to form two molecules of glycerate 3-phosphate (GP) (3 carbons each).
The enzyme which catalyses this reaction is ribulose bisphosphate carboxylase (RuBisCo) – the most abundant enzyme in the world.

2. Reduction of glycerate 3-phosphate

GP is reduced to a carbohydrate called triose phosphate (TP) using ATP and reduced NADP (where have these come from?).  
3. Regeneration of ribulose bisphosphate

By a complex series of reactions TP can be converted back into RuBP, so that more carbon dioxide can be fixed.

See diagram of Calvin cycle

Differences between the light dependent and light independent reactions

	
	Light dependent reaction
	Light independent reaction

	Where does it occur?
	
	

	Light needed?
	
	

	ATP produced/needed?
	
	

	Coenzymes produced/needed?
	
	

	What else is used?
	
	

	What else is produced?
	
	

	Effect of temperature
	
	


FACTORS AFFECTING THE RATE OF PHOTOSYNTHESIS

1. Light intensity

2. Light wavelength

3. Carbon dioxide

4. Temperature

5. Water

Internal factors

1. Leaf surface area

2. Number of chloroplasts per cell

3. Amount of chlorophyll

4. Ability of chloroplasts to move around within palisade cells

Long term factors

Previous conditions, availability of water and mineral salts especially nitrates and magnesium which are required for chlorophyll synthesis.
Read about limiting factors on page 276 and 277, and complete the data handling question in the green box on the right hand side of page 277.

	Further reading and questions:

Summary questions page 270.

Exam question on chloroplast structure page 274.

Chapter 11 practice questions page 281-282
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