2.9  Photosynthesis

Understandings:
· Photosynthesis is the production of carbon compounds in cells using light energy
· This process requires a photosynthetic pigment (chlorophyll) and can only occur in certain organisms (plants, certain bacteria)
· Photosynthetic organisms use the light energy from the sun to create chemical energy (ATP)[image: photosynthesis equation]
· This chemical energy can either be used directly by the organism or used to synthesise organic compounds 
· Animals then consume these organic compounds as food and release the stored energy via cell respiration
· Photosynthesis (anabolic synthesis of organic compounds) is essentially the reverse of cell respiration (catabolic breakdown)[image: ]
· Visible light has a range of wavelengths with violet the shortest wavelength and red the longest
· the electromagnetic spectrum is the range of all possible frequencies of electromagnetic radiation
· The Sun emits its peak power in the visible region of this spectrum (white light ~ 400 – 700 nm)
· Colours are different wavelengths of white light and range from red (~700 nm) to violet (~400 nm)
· Chlorophyll absorbs red and blue light most effectively and reflects green light more than other colours
· When chlorophyll absorbs light, it releases electrons which are used to synthesise ATP 

· There are a number of different chlorophyll molecules, each with their own absorption spectra, however collectively:
· Chlorophyll absorbs light most strongly in the blue portion of the visible spectrum, followed by the red portion
· Chlorophyll reflects light most strongly in the green portion of the visible spectrum (hence the green colour of leaves)
· Oxygen is produced in photosynthesis from the photolysis of water
· Energy is needed to produce carbohydrates and other carbon compounds from carbon dioxide (DETAIL IN HL, 8.3)
· two step process:
· The light dependent reactions convert light energy from the Sun into chemical energy (ATP)
· Thylakoid
· The light independent reactions use the chemical energy to synthesise organic compounds (e.g. carbohydrates)
· Stroma
· Temperature, light intensity and carbon dioxide concentration are possible limiting factors on the rate of photosynthesis
· The law of limiting factors: when a chemical process depends on more than one essential condition being favourable, the rate of reaction will be limited by the factor that is nearest its minimum value
· Temperature:
· Photosynthesis is controlled by enzymes, which are sensitive to temperature fluctuations
· As temperature increases reaction rate will increase,
· Above a certain temperature the rate of photosynthesis will decrease as essential enzymes begin to denature
· Light intensity:[image: temperature photosynthesis]
· Light is absorbed by chlorophyll
· As light intensity increases reaction rate will increase, as more chlorophyll are being photo-activated
· At a certain light intensity photosynthetic rate will plateau, as all available chlorophyll are saturated with light
· Different wavelengths of light will have different effects on the rate of photosynthesis
· Carbon Dioxide Concentration[image: light intensity photosynthesis]
· involved in the fixation of carbon atoms to form organic molecules
· As carbon dioxide concentration increases reaction rate will increase, as more organic molecules are being produced
· At a certain concentration of CO2 photosynthetic rate will plateau, as the enzymes responsible for carbon fixation are saturated[image: CO2 concentration photosynthesis]



Applications:
· Changes to the Earth’s atmosphere, oceans and rock deposition due to photosynthesis
· Only one significant source of oxygen gas exists in the known universe – biological photosynthesis
· Before the evolution of photosynthetic organisms, any free oxygen produced was chemically captured and stored
· Approximately 2.3 billion years ago, photosynthetic organisms began to saturate the environment with oxygen
· This led to changes in the Earth’s atmosphere, oceans, rock deposition and biological life

Skills:
· Drawing an absorption spectrum for chlorophyll and an action spectrum for photosynthesis
· The absorption spectrum indicates the wavelengths of light absorbed by each pigment (e.g. chlorophyll)
· The action spectrum indicates the overall rate of photosynthesis at each wavelength of light[image: Image result for absorption spectrum action spectrum GRAPH]
· Design of experiments to investigate the effect of limiting factors on photosynthesis
· Photosynthesis can be measured directly via the uptake of CO2 or production of O2, or indirectly via a change in biomass
	Carbon dioxide uptake 
	measured by placing leaf tissue in an enclosed space with water


	Oxygen production
	submerging a plant in an enclosed water-filled space attached to a sealed gas syringe

	Glucose production
	indirectly measured by a change in the plant’s biomass (weight)



· Separation of photosynthetic pigments by chromatograph
· Chromatography is an experimental technique by which mixtures can be separated
· A mixture is dissolved in a fluid and passed through a static material 
· The different components of the mixture travel at different speeds, causing them to separate
· A retardation factor can then be calculated (Rf value = distance component travels ÷ distance solvent travels)[image: Related image]
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