3.5.1: PHOTOSYNTHESIS
Name __________________________________ 
[image: ]           [image: Image result for photosynthesis jokes]
	Reflection on learning outcomes 
	 or 
	Target

	Describe the structure of chloroplasts and explain where, specifically, the light dependent and independent reactions occur
	
	

	Explain the role of light in photolysis and photoionisation 
	
	

	Explain how photoexcited electrons move along the electron transfer chain, and how ATP and reduced NADP are produced and  interpret energy levels diagrams during electron transfer
	
	

	Explain chemiosmosis and the role of ATP synthase in producing ATP
	
	

	Explain the Calvin cycle and the molecules involved
	   
	

	Explain the roles of reduced NADP and ATP
	
	

	Interpret experimental data about the light independent reaction
	
	

	Explain what is meant by rate limiting factors
	
	

	Identify environmental factors that limit the rate of photosynthesis
	
	

	Interpret graphs showing the rate of photosynthesis and explain graphs in terms of which factors are rate limiting
	
	

	Explain how farmers seek to maximise crop growth through knowledge of rate limiting factors, and how this is a balance between cost vs profit
	
	

	Evaluate data relating to common agricultural practices used to overcome the effect of these limiting factors.
	
	






Outcome:
· Describe the structure of chloroplasts and explain where, specifically, the light dependent and independent reactions occur

Complete the GCSE and Year 1 worksheet. 

Photosynthesis- Light 

Outcomes:
· Explain the role of light in photolysis and photoionisation
· Explain how photoexcited electrons move along the electron transfer chain, and how ATP and reduced NADP are produced and interpret energy levels diagrams during electron transfer 
· Explain chemiosmosis and the role of ATP synthase in producing ATP

[image: ]Definition: 
Wavelength: _________________________________________
____________________________________________________
Light energy is absorbed by photosynthetic pigments on the
thylakoid membrane of the chloroplast. Different pigments can 
absorb different wavelengths of light so more light energy 
can be absorbed. 

Photosystems
[image: ]Definition:
Primary pigment: Chlorophyll a, found in reaction centre, absorbs light energy and excites 2 e-
Accessory pigments: ______________________________________________________________________
_______________________________________________________________________________________
[image: ]Labels: Primary pigment	Accessory pigments 		Wavelength of light 		Light energy		Thylakoid membrane	

[image: ]


Action and Absorption spectrums
[image: Image result for absorption spectrum chlorophyll]Explain what the absorption spectrum graph represents.
________________________________________________________________________________________________________________________


[image: Image result for action spectrum chlorophyll]Explain what the action spectrum graph represents.
________________________________________________________________________________________________________________________

What can you conclude when you look at both graphs together?
______________________________________________________________________________________________________________________________________________________________________________

Describe the absorption graph. 
	Photosynthetic pigment
	Wavelength of light maximally absorbed (nm)
	Colour the pigments absorbs
	Colour pigment reflects/ colour pigment appears 

	Chlorophyll a
	
	
	Yellow-green

	Chlorophyll b
	
	
	Blue-green

	Carotenoids 
	
	
	Yellow- orange. 



Graph exam tips:
_______________________________________________________________________________________
_______________________________________________________________________________________
Exam questions: 
Q1. The percentage of light absorbed by an aquatic plant was measured when it was exposed to different wavelengths. The rate of photosynthesis was also measured at each wavelength of light. The results are shown in the graph.
[image: ] 
(a)     Describe and explain the relationship between light absorption and the rate of photosynthesis for the wavelengths of light between 410 nm and 500 nm.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________(2)
(b)     Give one dependent variable you could measure in order to determine the rate of photosynthesis in an aquatic plant.
___________________________________________________________________(1)
(c)     Use the graph to identify the range of wavelengths of light that would be green in colour. Give a reason for your answer.
Wavelengths __________ to __________ nm
Reason ____________________________________________________________
___________________________________________________________________(2)
Q2. Plants have pigments that absorb light energy for photosynthesis. These pigments include two types of chlorophyll and a group of pigments known as carotenoids. Different species of plant contain different amounts of these pigments. The pigments that each plant species has are adaptations to where and how they live; their ecological niche.
Figure 1 shows the absorption of light of different wavelengths by chlorophyll a, chlorophyll b and carotenoids.
[image: ] 
A scientist investigated the energy in light of different wavelengths reaching the ground in a forest. She measured the energy in 
•        direct sunlight 
•        sunlight that had passed through the leaves of trees.
[image: ] 
(a)     Use Figure 1 to describe the absorption of light of different wavelengths by chlorophyll a.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________(2)
(b)     Few species of plant can live below large trees in a forest. Use the information in Figure 1 and Figure 2 to suggest why.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ (3)
Photophosphorylation/light dependent reaction
[image: ]Definitions:
Oxidation: ______________________________________________________________________________
Reduction: ______________________________________________________________________________
Electron carrier: _________________________________________________________________________
Photolysis: ______________________________________________________________________________
Photophosphorylation: ____________________________________________________________________
Photoionisation: _________________________________________________________________________
What does photoionisation mean?
[image: ][image: ]
The process- Light dependent https://www.youtube.com/watch?v=SnnmmKApT-c- 4 minute video 

1.      Chlorophyll absorbs light energy;
2.      Excites electrons out of chlorophyll/photosystem;
3.      Electrons move along electron transport chain (ETC) releasing energy;
4.      Energy used to join ADP and Pi to form ATP by chemiosmosis;
5.      Photolysis of water produces protons, electrons and oxygen
6.      NADP reduced by electrons/ hydrogen;
7.      Oxygen is released as waste gas, ATP and red NADP go to light independent reaction.

[image: ]The process- Chemiosmosis 
1. Energy is released as electrons pass along the ETC in the thylakoid membrane.
2. Energy used to PUMP protons from the photolysis of water from the Stroma into the intermembranal space.
3. Proton gradient established.
4. Protons flood from intermembranal space to Stroma down conc gradient,
5. Cause ATP synthase to smash ADP + Pi forming ATP. 
The process- Light dependent and chemiosmosis 
Revision poster.























Energy Levels 
[image: ]

Exam questions: 
Q1. The diagram shows the light-dependent reactions of photosynthesis.
[image: ] 
(a)     In which part of a chloroplast do the light-dependent reactions occur?
___________________________________________________________________(1)
(b)     Name the substances in boxes A, B and C.
A ________________________________
B _______________ + _______________
C ________________________________(3)
(c)     Use information in the diagram to explain
(i)      the role of chlorophyll in photolysis;
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________ (3)
(ii)     how the energy of light is converted into chemical energy in the light-dependent reactions.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________ (3)


Q2. (a)     Energy enters most ecosystems through the light-dependent reaction of photosynthesis. Describe what happens during the light-dependent reaction.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ (5)
Q3.There is evidence that the first photosynthetic organisms were primitive water-dwelling bacteria. The very first of these lived near the surface of the water in lakes and contained a purple pigment that absorbed light most strongly in the green region of the spectrum. Later, other bacteria evolved that lived on the top of sediment at the bottom of the lakes (Figure 1). Gene mutations had enabled these bacteria to synthesise chlorophyll instead of the purple pigment present in the bacteria living near to the surface. Chlorophyll absorbs light most strongly in the blue and red regions of the spectrum (Figure 2).
[image: ] 
Figure 2
[image: ] 

(a)     Describe how light energy absorbed by chlorophyll molecules is used to synthesise ATP.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ (5)
(b)     Use Figure 2 to explain how natural selection would favour the evolution of sediment-dwelling bacteria containing a different photosynthetic pigment from those living near the surface of the water.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ (6)










Photosynthesis – Light independent
Outcomes: 
· Explain the Calvin cycle and the molecules involved 
· Explain the roles of reduced NADP and ATP 
· Interpret experimental data about the light independent reaction
[image: ]
Write out the pathway taken by Carbon Dioxide from the atmosphere into the chloroplast. 
_______________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[image: ]
Carbon dioxide combines with ribulose bisphosphate (RuBP);
Produces an unstable 6 C which breaks into two glycerate phosphate molecules/ GP (3C);
[bookmark: _GoBack]Glycerate phosphate reduced to triose phosphate/TP (3C);
Using reduced NADP and energy from ATP produced in light dependent stage;
Triose phosphate converted to glucose;  
Or regenerated into ribulose bisphosphate (RuBP).

Draw and annotate your own diagram for the Calvin/light independent stage 














Other biological molecules
Glycerate phosphate can be converted into: _______________________________________________________________________________________
Triose phosphate can be converted into:
_______________________________________________________________________________________

Exam questions:
Q1.During the light-independent reaction of photosynthesis, carbon dioxide is converted into organic substances. Describe how.
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________
_______________________________________________________________________(6)
Q2.The diagram shows a summary of the light-independent reaction of photosynthesis.
[image: ] 
(a)     (i)      Complete the boxes to show the number of carbon atoms in the molecules.  (2)
(ii)     In which part of a chloroplast does the light-independent reaction occur?
______________________________________________________________ (1)
(iii)     Which process is the source of the ATP used in the conversion of glycerate
3-phosphate (GP) to triose phosphate?
______________________________________________________________ (1)
(iv)    What proportion of triose phosphate molecules is converted to ribulose bisphosphate (RuBP)?
______________________________________________________________ (1)
(b)     Lowering the temperature has very little effect on the light-dependent reaction, but it slows down the light-independent reaction. Explain why the light-independent reaction slows down at low temperatures.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________(2)
Application of knowledge:
 (a)     Where precisely in a cell does the Calvin cycle take place?
___________________________________________________________________(1)
(b)     A scientist investigated the effect of changing the carbon dioxide concentration on the amounts of glycerate-3-phosphate (GP) and ribulose bisphosphate (RuBP) in photosynthesising cells.The graph shows the results obtained when the carbon dioxide concentration was reduced.
[image: ] 

(i)      Explain the decrease in the amount of GP after the carbon dioxide concentration was reduced.
______________________________________________________________
______________________________________________________________(1)
(ii)      The scientist carried out a similar experiment but increased the carbon dioxide concentration from 1% to 2%. The relative amounts of GP and RuBP remained the same. Suggest two reasons why.
1. ____________________________________________________________
______________________________________________________________
2. ____________________________________________________________
______________________________________________________________(2)
(c)     Some bacteria use hydrogen sulfide, H2S, to produce organic compounds.
The hydrogen sulfide has a similar role to that of water in photosynthesis. A simple equation for this process in bacteria is shown below:
hydrogen sulfide + carbon dioxide → glucose + sulfur + water
Suggest what the hydrogen sulfide is used for in these bacteria.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________(2)














Limiting factors 
Outcomes: 
· Explain what is meant by rate limiting factors
· Identify environmental factors that limit the rate of photosynthesis 
· Interpret graphs showing the rate of photosynthesis and explain graphs in terms of which factors are rate limiting

[image: ]Definition: 
Limiting factor: The factor present in the lowest amount (and therefore the one that limits the rate of the overall reaction)

https://create.kahoot.it/share/limiting-factors/47e55ae1-fd54-45fa-a925-84ac298b35ad 

Add details to the graph below:
[image: C:\Documents and Settings\dlawson\Local Settings\Temp\Temporary Directory 3 for RES44_b11_mb.zip\rate_of_photosynthesis.jpg]








[image: ]

Point A: _______________________________________________________________________________
______________________________________________________________________________________

Point B: _______________________________________________________________________________
______________________________________________________________________________________
There are 3 limiting factors: Light intensity, Carbon dioxide concentration and temperature. 
Exam note: All of the limiting factors questions will be application based, given in an experimental context. You will need to read the question, data and graph to work out which limiting factor(s) are having an effect then explain these. 





Temperature
[image: Effect of Temperature on the Rate of Photosynthesis - Biology ...]Exam tip: When describing a graph comment on gradients, quote data for each gradient and comment on both axis. 

Which stage of photosynthesis will be more effected by photosynthesis?
___________________________________________

[image: ]Explain the effect of temperature on the rate of photosynthesis 
Part A: _________________________________________________________________________________
_______________________________________________________________________________________
Part B:_________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________

Photorespiration:
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
[image: Photorespiration (article) | Photosynthesis | Khan Academy]
Carbon dioxide concentration: 
[image: Limiting factors]Which stage of photosynthesis will be more effected by C02?
______________________________



[image: ]Explain how carbon dioxide effects rate of photosynthesis.
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________

Light intensity:
[image: Effect of Light intensity on the rate of Photosynthesis - Biology ...]Which stage of photosynthesis will be more effected by light intensity?
______________________________


[image: ]Explain the effect of temperature on the rate of photosynthesis 
Part A: _________________________________________________________________________________
_______________________________________________________________________________________
Part B:_________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________

Application graphs:

[image: C:\Documents and Settings\dlawson\Local Settings\Temp\Temporary Directory 1 for RES44_b11_mb.zip\effect_on_concentrations_reducing_light_intensity.jpg]Explain the graph for bright light: 
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________




Explain the graph for dim light:
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________

[image: C:\Documents and Settings\dlawson\Local Settings\Temp\Temporary Directory 2 for RES44_b11_mb.zip\effect_on_concnetrations_reducing_carbon_dioxide.jpg]Explain the graph for low CO2 conc: 
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________




Explain the graph for high CO2 conc:
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________




How farmers use greenhouses to control limiting factors. 

Outcomes
· Explain how farmers seek to maximise crop growth through knowledge of rate limiting factors, and how this is a balance between cost vs profit
· Evaluate data relating to common agricultural practices used to overcome the effect of these limiting factors.
All these questions will be application questions. You will need to read the introduction to the questions carefully to understand the method the farmer has used them apply your knowledge as to the impact of this method. 
Below is the basic information you need to understand, remember to always link this back to how photosynthesis is affected. 
Use these words to complete the boxes:
Maximum	Native		Growth		Higher 		Water		Heaters		CO2 

Costs		Wavelengths			Profit

Used to: 
· Achieve ____________ yield
· Grow crops all year round
· Grow crops not ________ to the country

More photosynthesis so:
· More carbohydrates to provide energy to make new cells = more rapid __________





[image: ]Temperature: 
· Sunlight heats up the greenhouse, glass prevents heat escaping. 
· Temp drops, ___________ are used. Temp rises, ventilators are used. 
· Paraffin heaters can provide ___. 

Transpiration: 
· If temp is too high, transpiration will be ____________, so more _________ needed.








Light: 
· Artificial light can provide specific wavelengths to keep costs low.
Farmers always have to balance the cost of controlling the factors and the profit made. 






Exam questions:
Q1.An investigation was carried out to find the effect of increasing carbon dioxide concentration on the rate of photosynthesis in a particular type of plant. The graph shows the results.
[image: ]
(a)     (i)      In this investigation, temperature was kept constant. Explain why.
______________________________________________________________
______________________________________________________________(1)
(ii)     Suggest suitable units for measuring the rate of photosynthesis in this investigation.
______________________________________________________________(2)
(b)     (i)      Give the evidence from the graph that carbon dioxide is limiting the rate of photosynthesis between A and B.
______________________________________________________________
______________________________________________________________(1)
(ii)     Explain the shape of the curve between B and C.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________(2)
Q2.Scientists investigated the effects of temperature and light intensity on the rate of photosynthesis in creeping azalea. They investigated the effect of temperature on the net rate of photosynthesis at three different light intensities. They also investigated the effect of temperature on the rate of respiration. The graph shows the results.
[image: ] 
(a)     (i)      Name the factors that limited the rate of photosynthesis between X and Y.
______________________________________________________________(1)
(ii)     Use information from the graph to explain your answer.
______________________________________________________________
______________________________________________________________(2)
(b)     Use information from the graph to find the gross rate of photosynthesis at 20°C and medium light intensity.
 
 Answer ____________________(1)
(c)     Creeping azalea is a plant which grows on mountains. Scientists predict that in the area where this plant grows the mean summer temperature is likely to rise from 20 °C to 23 °C. It is also likely to become much cloudier. Describe and explain how these changes are likely to affect the growth of creeping azalea.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ (3)
Q3.Scientists investigated the effect of iron deficiency on the production of triose phosphate in sugar beet plants. They grew the plants under the same conditions with their roots in a liquid growth medium containing all the necessary nutrients. Ten days before the experiments, they transferred half the plants to a liquid growth medium containing no iron. The scientists measured the concentration of triose phosphate produced in these plants and in the control plants. Their results are shown in the graph.
•        at the end of 6 hours in the dark
•        then for 16 hours in the light.
[image: ] 


(a)     (i)      The experiments were carried out at a high carbon dioxide concentration. Explain why.
______________________________________________________________
______________________________________________________________(1)
(ii)     Explain why it was important to grow the plants under the same conditions up to ten days before the experiment.
______________________________________________________________
______________________________________________________________(1)
(iii)    The plants were left in the dark for 6 hours before the experiment. Explain why.
______________________________________________________________
______________________________________________________________(1)
(b)     Iron deficiency reduces electron transport. Use this information and your knowledge of photosynthesis to explain the decrease in production of triose phosphate in the iron-deficient plants.
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
__________________________________________________________________ (4)
(c)     Iron deficiency results in a decrease in the uptake of carbon dioxide. Explain why.
___________________________________________________________________
__________________________________________________________________ (2)
Q4.Farmland previously used for growing crops was left for 30 years and developed into woodland. During this period, ecologists recorded an increase in the diversity of birds in the area.
(a)     Name the process that resulted in the development of woodland from farmland.
___________________________________________________________________(1)
(b)     Explain the increase in the diversity of birds as the woodland developed.
___________________________________________________________________
__________________________________________________________________ (3)
(c)     The ecologists also investigated photosynthesis in two species of plant found in the woodland. One of the species was adapted to growing in bright sunlight (sun plant) and the other was adapted to growing in the shade (shade plant). The ecologists’ results are shown in the figure below.
[image: ] 
(i)      Give two factors which could be limiting the rate of photosynthesis in the sun plant between points A and B on the figure.
1. ____________________________________________________________
2. ____________________________________________________________(1)
(ii)     Explain why CO2 uptake is a measure of net productivity.
______________________________________________________________
______________________________________________________________(1)
(iii)    Use the information in the figure to explain how the shade plant is better adapted than the sun plant to growing at low light intensities.
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________(2)
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