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Mr. Briner ASM 
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IB DP Biology 
Unit 2.8 

Cell respiration 

2.8.U1 

Cell respiration is the controlled release of 
energy from organic compounds to 
produce ATP. 

Respiration 

Cell respiration 

 

 The controlled release of energy from 

organic compounds in cells to form ATP 
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2.8.U2 

ATP from cell respiration is immediately 
available as a source of energy in the cell. 

Respiration 

Cell respiration 

 ATP is the molecule which directly fuels 

the majority of biological reactions 

◦ Everyday each person will hydrolyse 

(oxidize) 1025  ATP molecules to ADP 

◦ ADP is recharged (reduced) back to ATP 

 Using energy from the oxidation of organic 

molecules 

Respiration 

Cell respiration 
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Respiration 

Oxidation and reduction 

 Oxidation: 

◦ Often associated with the release of energy 

Respiration 

Oxidation and reduction 

 Reduction: 

◦ Often associated with the gain of energy 

Respiration 

Cell respiration 
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Respiration 

Oxidation and reduction 

 Oxidation of organic compounds paired 

with the reduction of ADP to ATP 

 Oxidation of ATP is paired with 

metabolic processes 

◦ For example, muscle contraction or protein 

synthesis 

Respiration 

Oxidation and reduction 

 

Respiration 

Oxidation and reduction 

Oxidation Reduction 

Electrons Loss Gain 

Hydrogen/

Protons 

Loss Gain 

Energy Loss Gain 

Oxygen Gain Loss 
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Respiration 

Cell respiration 

 Glucose in the cytoplasm is broken 

down into pyruvate 

◦ A small yield of ATP 

◦ Called glycolysis 

Respiration 

Cell respiration 

 Location: Cytoplasm 

 Process: Glycolysis 

 Substrate: Glucose 

 Products: 2 Pyruvate and a small 

amount of ATP 

 

◦ Glycolysis does not use oxygen 

Respiration 

Cell respiration 
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2.8.U3 

Anaerobic cell respiration gives a small 
yield of ATP from glucose. 

Respiration 

Anaerobic cell respiration 

 Anaerobic respiration  

◦ The oxidation of organic compounds 

without oxygen 

 

 Less efficient than aerobic respiration 

◦ With oxygen 

 There are different types of anaerobic 

respiration 

Respiration 

Anaerobic cell respiration 

 Humans anaerobic respiration: 

◦ Location: Cytoplasm 

◦ Substrate: Glucose 

◦ Product:  Lactic acid (lactate) + ATP 
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Respiration 

Anaerobic cell respiration 

 Humans anaerobic respiration: 

◦ Note:  

 Both aerobic and anaerobic respiration can take 

place in the human cell at the same time 

 Lactic acid anaerobic respiration supplements 

aerobic respiration when making ATP 

 Body uses as much oxygen as possible, but continues to 

make ATP without it if needed 

Respiration 

Anaerobic cell respiration 

 Yeast anaerobic respiration: 

◦ Location:  Cytoplasm 

◦ Substrate:  Glucose 

◦ Product:  Ethanol + carbon dioxide + ATP 

 

◦ This is a fermentation reaction 

 Ethanol and CO2 are both excreted with no 

further metabolism of the energy stored in the 

ethanol (very inefficient) 

 

Respiration 

Anaerobic cell respiration 

 Yeast anaerobic respiration: 

◦ Note:  

 Some organisms are totally anaerobic, while 

others can switch between anaerobic/aerobic 

 Yeast and humans can both switch, but for the IB you 

only need to think of Yeast as anaerobic 
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Respiration 

Anaerobic cell respiration 

 

 During anaerobic cell respiration: 

◦ Pyruvate can be converted in the cytoplasm 

into lactate or ethanol and carbon dioxide 

 With no further yield of ATP 

2.8.A2 

Lactate production in humans when 
anaerobic respiration is used to maximize 
the power of muscle contractions. 

Respiration 

Exercise and anaerobic respiration 

 Human lactic anaerobic respiration 

supplements aerobic production of ATP 

◦ Lactic pathway cannot produce enough 

energy to support human systems 

 Too inefficient 

◦ Anaerobic respiration in humans 

supplements (adds to) the aerobic 

production of ATP 
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Respiration 

Exercise and anaerobic respiration 

 Muscle contractions require high 

amounts of ATP 

◦ Cells’ energy demands will exceed the 

levels of O2 available 

◦ So, begins breaking down glucose 

anaerobically to maximize ATP production 

Respiration 

Exercise and anaerobic respiration 

 Anaerobic respiration increases 

production of lactic acid 

◦ This leads to muscle fatigue 

 When done exercising, oxygen levels 

increase and aerobic respiration 

resumes 

2.8.A1 

Use of anaerobic cell respiration in yeasts 
to produce ethanol and carbon dioxide in 
baking. 
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Respiration 

Anaerobic respiration 

 Fermentation respiration in yeast yields 

two useful products for humans 

◦ Carbon dioxide can be used in a variety 

industrial processes  

 Raising bread 

 Brewers of alcohol will bottle the CO2 for use in 

the 'carbonation' of other drink products 

Respiration 

Anaerobic respiration 

 Fermentation respiration in yeast yields 

two useful products for humans 

◦ Alcohol itself is the basis of many industries 

 Alcohol production – beer brewing 

 Use of fermentation products is being used as an 

alternative source of fuel such as is the case in 

fuel for automobiles 

Respiration 
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2.8.U4 

Aerobic cell respiration requires oxygen 
and gives a large yield of ATP from glucose. 

Respiration 

Aerobic cell respiration 

 Location: Mitochondria 

 Substrate: Pyruvate 

 Products: ATP,  CO2, water and heat 

Respiration 

Aerobic cell respiration 

 Aerobic ATP production is much 

greater than glycolysis or anaerobic 

alternatives 

◦ Oxygen breathed in during ventilation is 

sent from the lungs into the blood 

◦ Transported to the cells and diffuses in 

 Then diffuses into the mitochondria for aerobic 

respiration 
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Respiration 

Aerobic cell respiration 

 

Respiration 

Aerobic cell respiration 

 

 With oxygen, pyruvate formed during 

glycolysis can make 34 more ATP 

◦ Aerobic respiration is the main source of 

ATP for cellular functions in eukaryotes 

Respiration 
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Respiration 

Aerobic cell respiration 

 Pyruvate from glycolysis diffuses from 

cytoplasm into the mitochondria 

◦ A series of reactions oxidize pyruvate to 

produce ATP 

 Link reaction, Krebs cycle, electron transport 

system, oxidative phosphorylation 

◦ By-products of oxidation include carbon 

dioxide and water 

2.8.S1 

Analysis of results from experiments 
involving measurement of respiration rates 
in germinating seeds or invertebrates using 
a respirometer. 

Respiration 

Respirometry 

 Respirometer: 

◦ Apparatus designed to measure the oxygen 

use of an organism 

 

◦ Normally involved putting the organism in a 

contained with a compound that absorbs 

any CO2 made 

 This means that any pressure change must be 

caused by oxygen use 
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Respiration 

Respirometry 

MAJOR SOURCES 
Thank you to my favorite sources of information when 

making these lectures! 
 

John Burrell (Bangkok, TH) 

www.click4biology.info 
 

Dave Ferguson (Kobe, JA) 

http://canada.canacad.ac.jp/High/49 
 

Stephen Taylor (Bandung, IN) 

www.i-biology.net 
 

Andrew Allott – Biology for the IB Diploma 

C. J.Clegg – Biology for the IB Diploma 

Weem, Talbot, Mayrhofer – Biology for the International Baccalaureate 

Howard Hugh’s Medical Institute – www.hhmi.org/biointeractive 

Mr. Hoye’s TOK Website – http://mrhoyestokwebsite.com  

And all the contributors at www.YouTube.com 
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2. Molecular Biology – 2.8 Cell Respiration 

 
Name: 

 
Understandings, Applications and Skills (This is what you maybe assessed on) 
 
 Statement Guidance 

2.8.U1 Cell respiration is the controlled release of energy from 
organic compounds to produce ATP. 

Details of the metabolic pathways of cell 
respiration are not needed but the 
substrates and final waste products should 
be known. 

2.8.U2 ATP from cell respiration is immediately available as a 
source of energy in the cell. 

 

2.8.U3 Anaerobic cell respiration gives a small yield of ATP from 
glucose. 

 

2.8.U4 Aerobic cell respiration requires oxygen and gives a large 
yield of ATP from glucose. 

 

2.8.A1 Use of anaerobic cell respiration in yeasts to produce 
ethanol and carbon dioxide in baking. 

 

2.8.A2 Lactate production in humans when anaerobic respiration 
is used to maximize the power of muscle contractions. 

 

2.8.S1 Analysis of results from experiments involving 
measurement of respiration rates in germinating seeds or 
invertebrates using a respirometer. 

There are many simple respirometers which 
could be used. Students are expected to 
know that an alkali is used to absorb CO2, 
so reductions in volume are due to oxygen 
use. Temperature should be kept constant 
to avoid volume changes due to 
temperature fluctuations. 

 
Recommended resources: 

http://bioknowledgy.weebly.com/28-cell-respiration.html 

Allott, Andrew. Biology: Course Companion. S.l.: Oxford UP, 2014. Print. 
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2.8.U2 ATP from cell respiration is immediately available as a source of energy in the cell. 
 
1. Draw and annotate a molecule of ATP to show how it stores and releases energy.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. List the three main cellular process that use ATP as a source of energy. 

 

   

   

   

 

 
2.8.U1 Cell respiration is the controlled release of energy from organic compounds to produce ATP. 
 
3. Define cell respiration 

 

  

 

 

4. Cell respiration is an example of a metabolic process. State the type of molecules that control the 

process of respiration. 

 

  

 

5. Explain why cell respiration must happen within every living cell. 
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6. Identify two organic molecules, other than glucose, which could be used for respiration.  

 

  

 

7. Identify the two components of the cell in which respiration takes place.  

 

  

 

8. Distinguish between the terms aerobic and anaerobic.  

 

  

 
 
2.8.U4 Aerobic cell respiration requires oxygen and gives a large yield of ATP from glucose. 
 
9. Label the diagram of aerobic cell respiration below. 
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2.8.S1 Analysis of results from experiments involving measurement of respiration rates in germinating seeds 
or invertebrates using a respirometer. & Nature of Science: Assessing the ethics of scientific research—the 
use of invertebrates in respirometer experiments has ethical implications. (4.5) 
 
Respirometers vary greatly in their design, but 
all can be used to calculate the rate of 
respiration by measuring the consumption of 
oxygen. Below shows the design of a typical 
respirometer. 
 
 
 
10. Explain the function of each of the following 

parts of the respirometer. 

a. Potassium hydroxide (alkali) solution:  
 

 

 

 

 

b. Filter paper wicks: 
 

 

 

 

 

c. Capillary tube containing coloured oil: 
 

 

 

d. Rubber bungs sealing each tube: 
 

 

 

e. Syringe: 
 

 

 

f. Metal cage: 
 

 

 

 

  

 
http://www.nuffieldfoundation.org/practical-biology/measuring-rate-metabolism 
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11. The respirometer could function without the presence of tube A. Given that fact explain why the inclusion 

of tube A still important to the validity of the results obtained from the respirometer. 

 

  

 

 

12. The respirometer can be used to measure the rate of respiration in a range of experiments. 

g. Outline how the respirometer can be used to measure the impact of temperature upon respiration. 
 

 

 

 

  

 

 

h. The respirometer above can also be used to measure the respiration rate in small invertebrates. 
Describe the ethical and environment concerns that must be addressed before the respirometer can 
be used for animal experimentation. 

 

 

 

 

 

 

 

 

 

13. In the absence of equipment you can use the follow the worksheet (Q1-10) and complete the virtual lab. 

 http://biologycorner.com/worksheets/cellular_respiration_AP_Lab5_virtual.html 
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2.8.U3 Anaerobic cell respiration gives a small yield of ATP from glucose. 
 
14. Label the diagram of anaerobic cell respiration below. 

 

 
 
 
15.   Complete the table below to compare and contrast aerobic and anaerobic respiration. 

 

Aerobic Anaerobic 

Glucose (and other hexose sugars) used in both types of respiration 

Lipids and amino acids (if in excess) can 

also be used 
 

Oxygen in  

 2 ATP produced 

Pyruvate is an intermediate compound in both types of respiration 

 Yeast Animals 

Carbon dioxide produced   

Water produced   
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2.8.A1 Use of anaerobic cell respiration in yeasts to produce ethanol and carbon dioxide in baking. 
 
16.  Describe how and why yeast is used in bread making. 

 

  

 

 

 

 

  

 

 

  

  

 

17. Bioethanol is ethanol produced by living organisms, for use as a renewable energy source. It can be 

used as a fuel in vehicles, sometimes in a pure state and sometimes mixed with gasoline (petrol). 

Describe how bioethanol can be produced from plant material with reference to the function of yeast in 

the process. 

 

 

 

 

 

 

 

 

 

 
2.8.A2 Lactate production in humans when anaerobic respiration is used to maximize the power of muscle 
contractions. 
 
18. State three activities that require anaerobic respiration. 
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19. Aerobic respiration generates a much greater yield of ATP. Despite this it is still important for humans to 

carry out anaerobic respiration. State the main advantages to humans of anaerobic respiration. 

 

 

 

 

20. Explain why anaerobic respiration can only be done for short periods of time. 

 

 

 

 

 

21. Describe the term ‘oxygen debt’ and explain why it must be repaid after anaerobic respiration has 

stopped. 

 

 

 

 

 

 
 
Citations: 

Allott, Andrew. Biology: Course Companion. S.l.: Oxford UP, 2014. Print. 
 
Taylor, Stephen. "Essential Biology 03.7 Respiration.docx." Web. 18 Nov. 2014. 
<http://www.slideshare.net/gurustip/essential-biology-37-respiration-core>. 
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IB DP Biology 
Unit 8.2 

Cell respiration HL 

8.2.U1 

Cell respiration involves the oxidation and 
reduction of electron carriers. 

Respiration 

Oxidation and reduction 

 Oxidation: 

◦ Often associated with the release of energy 
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Respiration 

Oxidation and reduction 

 Reduction: 

◦ Often associated with the gain of energy 

Respiration 

Oxidation and reduction 

 Oxidation of organic compounds paired 

with the reduction of ADP to ATP 

 Oxidation of ATP is paired with 

metabolic processes 

◦ For example, muscle contraction or protein 

synthesis 

Respiration 

Oxidation and reduction 
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Respiration 

Oxidation and reduction 

Oxidation Reduction 

Electrons Loss Gain 

Hydrogen / 

Protons 

Loss Gain 

Energy Loss Gain 

Oxygen Gain Loss 

8.2.U3 

In glycolysis, glucose is converted to 
pyruvate in the cytoplasm. 

Respiration 

Glycolysis 

◦ Takes place in the cytoplasm 

 Oxidation of Glucose (6 carbons) to 

two Pyruvate (3 carbons) molecules 

◦ Coupled with reduction of ADP to ATP 

 Net gain 

◦ 2 ATP 

◦ 2 NADH + H+ 

◦ 2 pyruvate 
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Respiration 

Glycolysis 

1.Phosphorylation 

◦ Glucose is reduced 

 With the addition of 2 ATP 

2.Lysis 

◦ Glucose is split into two 3-carbon 

molecules 

Respiration 

Glycolysis 

3.Oxidation 

◦ Glucose is oxidized to pyruvate 

◦ NAD+ is reduced to NADH + H+ 

4.ATP formation 

◦ Energy released from glucose produces      

4 ATP 
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http://www.1lecture.com/Biochemistry/How%20Glycolysis%20Work/ 

Respiration 

Exam note! 

 

 In the examination you will come across 

the names of the molecules and stages 

NOT the model diagrams 

 

 Know the names of all the stages and 

what happens in each stage! 

8.2.U2 

Phosphorylation of molecules makes them 
less stable. 
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Respiration 

Glycolysis 

1. Phosphorylation 

◦ Phosphorylating glucose 

to a hexose diphosphate 

 Phosphate groups allow a 

stronger interaction 

between the hexose and its 

enzyme 

 Weakens the structure 

while adding energy 

 Powers the reaction! 

Respiration 

Glycolysis 

2. Lysis 

◦ Hexose diphosphate is 

cut into two triose 

phosphate (TP) 

molecules 

 An intermediate in many 

biochemical reactions 

Respiration 

Glycolysis 

3. Oxidation 

◦ TP is oxidized to a 3 

carbon molecule called 

Pyruvate 

 TP has hydrogen removed 

(oxidation) to reduce one 

NAD+ to NADH 
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Respiration 

Glycolysis 

4. ATP formation 

◦ Each TP adds phosphate 

to two ADP 

◦ Produces two ATP 

Respiration 

Glycolysis 
 

1. Phosphorylation 

2. Lysis 

3. Oxidation 

4. ATP formation 

ANIMATION 
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8.2.U4 

Glycolysis gives a small net gain of ATP 
without the use of oxygen. 

Respiration 

Glycolysis 

 Glycolysis takes place in the cytoplasm 

◦ It is anaerobic 

 6C sugar (glucose) is converted into 

two 3C compounds called pyruvate 
 

 Yield: 2 Pyruvate + 2 ATP + 2NADH + 2H+ 

◦ Two ATP are consumed but four are produced 

making a net gain of 2 ATP 

◦ NADH (and FADH2) carry energy as electrons 

8.2.U11 

The structure of the mitochondrion is 
adapted to the function it performs. 
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Respiration 

Mitochondria Structure 

 Location of aerobic respiration 

◦ Pyruvate can be further oxidised here to 

release more energy 

 Mitochondria are only found in 

eukaryotic cells 

◦ Cells that need a lot of energy will have 

many mitochondria (liver cell) or can 

develop them under training (muscles cells) 

Respiration 

Mitochondria Structure 
 

 There is a double membrane 

◦ Space between the two membranes is used 

as a place to concentrate H+ 

 

 Contain their own DNA (mDNA) 

Respiration 

Mitochondria Structure 
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Respiration 

Mitochondria Structure 
 

 Cristae: Invaginations of the inner 

membrane 
 

 Intermembrane space: The space 

between the two membranes 
 

 Matrix: The inner space 

Respiration 

Mitochondria Structure 

http://www.youtube.com/watch?v=TgJt4KgKQJI 
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8.2.A1 

Electron tomography used to produce 
images of active mitochondria. 

Respiration 

Electron tomography 

 Takes several scans 

through a subject that 

can be layered to 

make a 3D image 
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8.2.U5 

In aerobic cell respiration pyruvate is 
decarboxylated and oxidized, and 
converted into acetyl compound and 
attached to coenzyme A to form acetyl 
coenzyme A in the link reaction. 

Respiration 

Aerobic Respiration 

 Stages in the Aerobic respiration: 

◦ Link Reaction: 

 Pyruvate is transported into the matrix of the 

mitochondria and concerted into acetyl 

◦ Krebs cycle: 

 Carbon fragments are decarboxylated to yield 

ATP and electron carriers 

◦ Electron Transport System: 

 Electron carriers are used to generate ATP 
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Link Reaction: 
 Oxidative decarboxylation of 

pyruvate 
 

◦ Co-enzyme A 

decarboxylates pyruvate 

 Removing a single carbon as 

carbon dioxide 

◦ Acetyl group bonds and 

forms Acetyl CoA 

◦ NAD+ is reduced to 

NADH + H+ 

8.2.U6 

In the Krebs cycle, the oxidation of acetyl 
groups is coupled to the reduction of 
hydrogen carriers, liberating carbon 
dioxide. 

8.2.U7 

Energy released by oxidation reactions is 
carried to the cristae of the mitochondria 
by reduced NAD and FAD. 
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Krebs cycle: 
 Oxidative decarboxylation of 

the Acetyl group 
 

◦ Acetyl CoA joins with the 

C4 (acceptor) group 

◦ CoA is released to 

transport more pyruvate 

into the matrix 

◦ A C6 fragment is formed 

(citric acid) 

 

Krebs cycle: 
 Oxidative decarboxylation of 

the Acetyl group 
 

 Citric Acid is oxidatively 

decarboxylated 

 A C5 group is formed 

◦ Carbon is given off as 

carbon dioxide 

 NAD+ is reduced to 

NADH + H+ 

 

Krebs cycle: 
 Oxidative decarboxylation of 

the Acetyl group 
 

 C5 fragment is oxidised 

and decarboxylated to a 

C4 fragment 

◦ Carbon removed forms 

carbon dioxide 

 NAD+ is reduced to 

NADH + H+ 
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Krebs cycle: 
 Oxidative decarboxylation of 

the Acetyl group 
 

 The C4 acceptor 

regenerated 

◦ This is a cycle! 

 NAD+ is reduced to 

NADH + H+ 

 FAD is reduced to 

FADH2 

 ADP is reduced to ATP 

http://www.youtube.com/watch?v=WcRm3MB3OKw 
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Respiration 

Previous picture 
 (a) Pyruvate (3C) 

 (b) Link reaction 

 (c) C4 + C2= C6 

 (d) Recycling of CoA 

 (e) Decarboxylation C6 to C5 and the reduction of NAD+ 

 (f) Decarboxylation C5 to C4 and the reduction of NAD+ 

 (g) C4 to C4 with the reduction of FAD and NAD+ 

      ATP is made directly. 

 (h) C4 to C4 acceptor 

 

 This cycle follows one acetyl group. 

 Each glucose that enters glycolysis will produce 2 acetyl groups 

8.2.U8 

Transfer of electrons between carriers in 
the electron transport chain in the 
membrane of the cristae is coupled to 
proton pumping. 

Respiration 

ETS and Chemiosmosis 

 On the inner side of mitochondrion 

cristae there are membrane proteins 

◦ Oxidation of electron carriers (NADH and FADH2) 

allows these membrane proteins to pump 

protons (H+) into the intermembrane space 
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Respiration 

ETS and Chemiosmosis 

 Electrons released from the electron 

carriers flows along the electron 

transport chain (ETC) of proteins 

◦ Providing energy to pump protons into the 

intermembrane space 

8.2.U9 

In chemiosmosis protons diffuse through 
ATP synthase to generate ATP. 

Respiration 

ETS and Chemiosmosis 

 H+ form a high concentration 

◦ pH = 4 compared to matrix where pH = 8 

◦ They diffuse back to the matrix through a 

membrane protein called an ATP synthase 

 Flow through the ATP synthase drives a 

reaction that creates ATP 

◦ 1 ATP per 2 H+s 
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Respiration 

ETS and Chemiosmosis 

 Energy from each NADH pumps 3 pairs 

of H+s 

◦ Produces 3 ATP 

 Energy from each FADH2 pumps 2 pairs 

of H+s 

◦ Produces 2 ATP 

8.2.U10 

Oxygen is needed to bind with the free 
protons to maintain the hydrogen gradient, 
resulting in the formation of water. 

ETS and Chemiosmosis 

 NADH is oxidised, 

releasing electrons 

◦ Energy from electrons 

transport H+ from 

matrix to 

intermembrane space  

 Oxygen acts as the 

final H+ acceptor 

◦ Forming water 
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ETS and Chemiosmosis 

 FADH2 is oxidised, 

releasing electrons 

◦ Energy from electrons 

transport H+ from 

matrix to 

intermembrane space  

 Oxygen acts as the 

final H+ acceptor 

◦ Forming water 

ETS and Chemiosmosis 

 ATP synthase is in the 

cristae membrane 

 H+ at an 

electrochemical 

gradient 

◦ Pass through channel in 

the enzyme 

 Motor spins 

◦ Bringing together ADP 

and Pi to produce ATP 

 

Respiration 

ETS and Chemiosmosis 

 

 

                  ANIMATION 
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http://www.youtube.com/watch?v=_PgjsfY71AM 

Respiration 

Aerobic Respiration: Summary 

1. Link reaction 
 Oxidative decarboxylation of pyruvate: 

◦ Each 3-carbon pyruvate loses 1 CO2 

◦ Forming a 2-carbon acetyl fragment 

 Carried by CoA as acetyl-coenzyme A 

◦ Also forms NADH + H+ 
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Respiration 

Aerobic Respiration: Summary 

2. Krebs cycle: 

◦ 2C acetyl joins with 4C molecule, forming 

6C molecule, 

◦ Oxidized, releasing 2 CO2 

◦ Reducing ADP  ATP,  FAD  FADH2 

and 3 NAD  3 NADH + H+ 

Respiration 

Aerobic Respiration: Summary 

3. Electron transport chain (ETS) 
 Mitochondrial inner membrane proteins form a 

transport chain for electrons and protons 

◦ NADH + H+ arrives at the first carrier and 

transfers 2 e-s and 1 H+ 

◦ The 2 e-s move 2 H+s from the inner to 

outer face 

Respiration 

Aerobic Respiration: Summary 

3. Electron transport chain (ETS) 
 Mitochondrial inner membrane proteins form a 

transport chain for electrons and protons 

◦ The 2 H+s are deposited in the 

intermembrane space 

◦ The 2 e- s return, pick up another pair of 

H+s and repeat the trip 2 more times 

 A total of 3 round trips 
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Respiration 

Aerobic Respiration: Summary 

3. Electron transport system(ETS) 
 Mitochondrial inner membrane proteins form a 

transport chain for electrons and protons 

 

◦ FADH2 enters into the ETS further along 

◦ But thus only pumps 2 pairs of H+s into the 

intermembrane space 

Respiration 

Aerobic Respiration: Summary 

 Oxygen 

◦ Oxygen is the final electron acceptor at the 

end of the ETS 

 Oxygen accepts a pair of electrons, and also 

accepts two protons 

 Which join with the electrons to produce the 

two hydrogen atoms 

 Thus forming water 
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Respiration 

8.2.S2 

Annotation of a diagram of a 
mitochondrion to indicate the adaptations 
to its function. 

Respiration 

Mitochondrion Structure and Function 

1. Cristae folds increase the surface area 

for ETS 

2. Double membrane creates 

intermembrane space into which the 

H+ can be concentrated 

3. Matrix creates an isolated space in 

which the Krebs cycle can occur 
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Respiration 

Mitochondrion Structure and Function 

 Outer membrane: 

◦ Impermeable to H+s 

◦ Facilitates diffusion of pyruvate 

 Matrix: 

◦ Contains enzymes for oxidative 

decarboxylation and Krebs cycle 

Respiration 

Mitochondrion Structure and Function 

 Intermembrane space: 

◦ Low pH = high concentration of H+s 

 Inner membrane: 

◦ Folded into cristae 

◦ Increasing SA for ETS and ATP synthetase 

8.2.S1 

Analysis of diagrams of the pathways of 
aerobic respiration to deduce where 
decarboxylation and oxidation reactions 
occur. 
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8. Metabolism, cell respiration and photosynthesis – 8.2 Cell Respiration AHL 

 
Name: 

 
Understandings, Applications and Skills (This is what you maybe assessed on) 
 
 Statement Guidance 

8.2.U1 Cell respiration involves the oxidation and reduction of 
electron carriers. 

 

8.2.U2 Phosphorylation of molecules makes them less stable.  

8.2.U3 In glycolysis, glucose is converted to pyruvate in the 
cytoplasm. 

The names of the intermediate compounds 
in gylcolysis is not required. 

8.2.U4 Glycolysis gives a small net gain of ATP without the use of 
oxygen. 

The names of the intermediate compounds 
in gylcolysis is not required. 

8.2.U5 In aerobic cell respiration pyruvate is decarboxylated and 
oxidized, and converted into acetyl compound and 
attached to coenzyme A to form acetyl coenzyme A in the 
link reaction. 

 

8.2.U6 In the Krebs cycle, the oxidation of acetyl groups is 
coupled to the reduction of hydrogen carriers, liberating 
carbon dioxide. 

The names of the intermediate compounds 
in the Krebs cycle is not required. 

8.2.U7 Energy released by oxidation reactions is carried to the 
cristae of the mitochondria by reduced NAD and FAD. 

 

8.2.U8 Transfer of electrons between carriers in the electron 
transport chain in the membrane of the cristae is coupled 
to proton pumping. 

 

8.2.U9 In chemiosmosis protons diffuse through ATP synthase to 
generate ATP. 

 

8.2.U10 Oxygen is needed to bind with the free protons to maintain 
the hydrogen gradient, resulting in the formation of water. 

 

8.2.U11 The structure of the mitochondrion is adapted to the 
function it performs. 

 

8.2.A1 Electron tomography used to produce images of active 
mitochondria. 

 

8.2.S1 Analysis of diagrams of the pathways of aerobic respiration 
to deduce where decarboxylation and oxidation reactions 
occur. 

 

8.2.S2 Annotation of a diagram of a mitochondrion to indicate the 
adaptations to its function. 

 

 
Recommended resources: 

http://bioknowledgy.weebly.com/82-cell-respiration.html 

Allott, Andrew. Biology: Course Companion. S.l.: Oxford UP, 2014. Print.  
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8.2.U11 The structure of the mitochondrion is adapted to the function it performs. 
8.2.S2 Annotation of a diagram of a mitochondrion to indicate the adaptations to its function. 
 
1. Draw and label a diagram showing the structure of the mitochondrion as seen in a TEM image. 

Include the inner and outer mitochondrial membranes, matrix, christae, mitochondrial DNA and ribosomes and a scale bar. 

 
 
 
 
 
 
 
 
 
 
 
 
 
n.b. although you are only required to annotate a diagram being able to draw one should give you a better 
understanding of the structure. 

 
2. Complete the table below with the functions of the structures of the mitochondrion. Explain how each 

structure adapted to help maximize efficiency of respiration. 

Structure:  Function:  Adapted to increase efficiency by:  

Outer membrane 
 
 
 

  

Inner membrane 
(including christae) 
 
 
 

  

Matrix 
 
 
 
 

  

Mitochondrial DNA 
and ribosomes 
 
 
 

  

Inter-membrane 
space 
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8.2.A1 Electron tomography used to produce images of active mitochondria. 
 
3. Electron tomography is aiding the understanding of mitochondria and cell respiration. State what is 

meant by the term electron tomography. 

 

 

 

 

 
8.2.U1 Cell respiration involves the oxidation and reduction of electron carriers. 
 
4. Many reactions in living things can be classified as either oxidation or reduction reactions. These are 

particularly important in cell respiration and photosynthesis. Complete the table below to compare 

oxidation and reduction reactions. 

 

 OXIDATION REDUCTION 

Electrons are… lost  

Oxygen is…   

Hydrogen is…   

 
 
5. Describe what an electron carrier is. 

 
 
 
 
 
 
6. List the two most common electron carriers used in cell respiration. Give both their oxidised and reduced 

forms: 

Oxidised 
 

 Reduced 
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8.2.U3 In glycolysis, glucose is converted to pyruvate in the cytoplasm. 
8.2.U4 Glycolysis gives a small net gain of ATP without the use of oxygen. 
 
7. Draw a diagram to show the process of glycolysis. 

Include the following: cytoplasm, phosporylation, lysis, oxidation and ATP formation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
8.2.U2 Phosphorylation of molecules makes them less stable. 
 
8. Define phosphorylation. 

 

 

 

 

9. Outline how phosphorylation aids cell respiration. 
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8.2.U5 In aerobic cell respiration pyruvate is decarboxylated and oxidized, and converted into acetyl 
compound and attached to coenzyme A to form acetyl coenzyme A in the link reaction.  
 
10. Draw a diagram to show the link reaction. 

Include the following: Pyruvate, CoA, Acetyl CoA, oxidation, decarboxylation, mitochondria, matrix. 

 

 

 

 

 

 

 

 

 

 

 
8.2.U6 In the Krebs cycle, the oxidation of acetyl groups is coupled to the reduction of hydrogen carriers, 
liberating carbon. 
 
11.   In the space below, draw a diagram of the Krebs cycle.  

Include the following: Acetyl CoA, 4 carbon compound, 6 carbon compound, 5 carbon compound, rearrangement, oxidation, 

decarboxylation, substrate-level phosphorylation (ATP formation), NAD
+
 reduced, FAD reduced, provides electrons to the 

electron transport chain. 
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8.2.U8 Transfer of electrons between carriers in the electron transport chain in the membrane of the 
cristae is coupled to proton pumping. 
8.2.U10 Oxygen is needed to bind with the free protons to maintain the hydrogen gradient, resulting in the 
formation of water. 
 
12. Annotate the diagram below with the stages of the electron transport chain. 

Include the following: H+, e
-
 (electrons), integral proteins, electron carriers, NADH, FADH2, oxidation, return to Krebs cycle, 

pumping of H
+
, high H+ concentration, transfer of electrons, electrochemical concentration gradient, Chemiosmosis by ATP 

synthase, O2 is the final electron acceptor, production of water. 
 

  
 
 
 
 
 
 
13. Explain what would happen to the efficiency of the electron transport chain if oxygen did not accept 

electrons and bind with free protons. 

 

 

 

 

 

  

Oxidative phosphorylation part I: 
electron transport chain (ETC) 
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8.2.U9 In chemiosmosis protons diffuse through ATP synthase to generate ATP. 

 
14. Outline the process of chemiosmosis. 

Include the following: ATP synthase, ADP, Pi, ATP, H
+
, rotation, electrochemical concentration gradient. 

 

 

 

 

 

 

 

 

15. Compare the yield of ATP from the different stages of cell respiration. 

  ATP Invested Gross yield of ATP Net yield of ATP 

Glycolysis 
 

  

Link Reaction 
 

  

Krebs cycle 
 

  

Oxidative 
phosphorylation 

 
  

 
 
Nature of Science: Paradigm shift—the chemiosmotic theory led to a paradigm shift in the field of 
bioenergetics. (2.3) 
 
16. Describe what is meant by the term paradigm shift. 

 

 

 

 

 

17. In 1961 Peter Mitchell proposed the chemiosmotic theory. 

a. Outline what his theory explained better than existing theories. 

 

 

 

 

b. Suggest why his ideas were not immediately accepted despite good evidence supporting his theory. 
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Data Analysis 
 
18. Investigators carried out 

experiments to find the 

relationship between the energy 

used by mice (the metabolic 

rate) and their activity. They 

found that the amount of time 

mice are active depends on the 

time of day, whether they are 

single or in groups and on the 

temperature of their 

surroundings. The bar chart 

shows the percentage of time 

mice were active during three-

hour periods at three different 

temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. Calculate how many minutes the group mice are active between 21:00 and 00:00 at 8 °C. (1) 

 

  

 

b. Outline the relationship between activity and temperature from 21:00 to 03:00 in all of the mice. 

(1) 

 

  

 

c.  Animals which are active at night are nocturnal. Suggest one advantage for mice being 

nocturnal. (1) 

 

   

 

[Source: L E Mount and J V Willmott. 1967. Journal of Physiology. Vol  190. Pp 

371–380. Published by Wiley-Blackwell. Used with permission] 
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The investigators also found 
that the metabolic rate of the 
mice changed at different 
times of the day. Mice were 
kept at one of the three 
constant temperatures for 24 
hours and their oxygen 
consumption was measured. 
The graph below shows the 
results for single mice and 
the mean values for group 
mice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d. State the relationship between temperature and metabolic rate. (1) 

 

  

 

e. Compare and contrast the results for the single mice at 15 °C with those for the group mice at 15 

°C. (2) 

 

  

  

  

 

 

 

 

f.  Suggest one reason why the results differ for single mice and group mice. (1) 

 

 

 

 

 

  

 

[Source: L E Mount and J V Willmott. 1967. Journal of Physiology. Vol  190. Pp 371–380. Published by 

Wiley-Blackwell. Used with permission] 

-  64  -

http://bioknowledgy.weebly.com/


 

 http://bioknowledgy.weebly.com/  (Chris Paine) 

g. Using the data from both graphs, evaluate the hypothesis that increased activity causes an 

increase in metabolic rate in mice. (2) 

 

  

  

 

 

  

 

 

 
 
Citations: 

Allott, Andrew. Biology: Course Companion. S.l.: Oxford UP, 2014. Print. 
 
Taylor, Stephen. "Essential Biology 3.7 8.1 C3 Respiration Core & AHL.docx." Web. 22 Apr. 2015. 
<http://www.slideshare.net/gurustip/essential-biology-respiration-core-ahloption-c>. 
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Mr. Briner ASM 

1 

IB DP Biology 
Unit 2.9 

Photosynthesis 

Photosynthesis and Respiration 

2.9.U1 

Photosynthesis is the production of 
carbon compounds in cells using light 
energy. 
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Photosynthesis 

 Photosynthesis involves the conversion 

of light energy into chemical energy 

Photosynthesis 

 Location 

◦ Chloroplast or prokaryotic equivalent 

 Reaction 

◦ Traps light energy (photons) and converts it 

into chemical energy 

 Organisms 

◦ Prokaryotic and Eukaryotic 

Photosynthesis 

 Substrate 

◦ CO2 and H2O 

 Products 

◦ Organic compounds (sugars) and O2 

 Environments 

◦ Environments with light 

 Extremophiles can photosynthesize at some 

extreme latitudes, altitudes, and temperatures 
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2.9.U2 

Visible light has a range of wavelengths 
with violet the shortest wavelength and 
red the longest. 

Photosynthesis 

Light 

 White light from the sun is composed 

of a range of wavelengths (colors) 

◦ Shortest wavelengths are the 'blues‘ 

 Have more energy 

◦ Longer wavelengths are the 'reds‘ 

 Have less energy 

 

Photosynthesis 
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2.9.U3 

Chlorophyll absorbs red and blue light 
most effectively and reflects green light 
more than other colours. 

Photosynthesis 

Chlorophyll 

 Pigment: 

◦ A molecule that gives something its color 

 

 Chlorophyll is the main photosynthetic 

pigment 

◦ Appears green 

◦ Where light energy is trapped and turned 

into chemical energy 
  

Photosynthesis 

Chlorophyll 

 There are other pigments including 

reds, yellows and browns 

◦ Seen in experimental chromatography 

◦ Seen in the autumnal colors of deciduous 

trees in a temperate climate 
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Photosynthesis 

Chlorophyll 

 Molecule has a polar head 

with a ring structure 

◦ Magnesium at heart of the ring 

◦ This is the light trapping region 

of the chlorophyll molecule 

 Non-polar tail that embeds 

itself in membranes in 

the chloroplast 

Photosynthesis 

Photosynthesis 

Light absorption in chlorophyll 

 Visible light is a range of wavelengths 

(380 - 750 nm) which have different 

energy levels and different colors 
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Photosynthesis 
Light absorption in chlorophyll 

 

 

 

 

 

 
 
 

 Main color absorbed by chlorophyll is red and blue 

 Main color reflected (not absorbed) is green 

Photosynthesis 

Light absorption in chlorophyll 

 Chlorophyll absorbs some wavelengths 

of light and reflects others 

◦ Red (650 -750 nm) and blue (450 - 500 nm) 

 Absorbed most efficiently by chlorophyll 

 Their energy is used in photosynthesis 

◦ Green (500 -550 nm) light is reflected by 

chlorophyll 

 So humans see plant leaves as green 

 
 YOU DO NOT NEED TO KNOW WAVELENGTHS 

2.9.S1 

Drawing an absorption spectrum for 
chlorophyll and an action spectrum for 
photosynthesis. 
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Photosynthesis 

Action spectrum and absorption spectrum 

 Absorption spectrum 

◦ Shows the quantity of each wavelength of 

light absorbed by a specific pigment 

Photosynthesis 

Action spectrum and absorption spectrum 

 Absorption spectrum 

Photosynthesis 

Action spectrum and absorption spectrum 

 Action spectrum 

◦ Photosystems in plants actually have many 

photosynthetic pigments 

 Each pigment absorbs specific wavelengths of light 

 Many pigments cooperate within a photosystem to 

increase the quantity of light absorbed 
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Photosynthesis 

Action spectrum and absorption spectrum 

 Action spectrum  

◦ Summation the individual absorption spectra 

of the various pigments 

NOTE: 

Rate of 

photosynthesis 

measured  

Photosynthesis 

Action spectrum and absorption spectrum 

 Comparison of Action spectra and 

Absorption spectra show: 

◦ Blue light and Red light are the main peaks of 

light absorption 

 Responsible for peak rates of photosynthesis 

◦ Low absorption of green light corresponds to 

its reflection from the chlorophyll 

 Apparent green color of chlorophyll and plants 
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2.9.S3 

Separation of photosynthetic pigments by 
chromatograph. (Practical 4) 

Photosynthesis 

Chromatography 

 Chromatography 

◦ Separates pigments in a mixture 

 Runs mixture through a medium 

◦ Different pigments move at different speeds 

 Bigger molecules move slower as they bump into 

things more often 

◦ Causes pigments to separate 

Photosynthesis 

Chromatography 

 Two common techniques for separating 

photosynthetic pigments: 

◦ Paper chromatography – uses paper 

(cellulose) as the stationary bed 
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Photosynthesis 

Chromatography 

 Two common techniques for separating 

photosynthetic pigments: 

◦ Thin layer chromatography – uses a thin layer 

of adsorbent (e.g. silica gel) 

Photosynthesis 

Chromatography 

2.9.U4 

Oxygen is produced in photosynthesis 
from the photolysis of water. 
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Photosynthesis 

Use of light energy 

 

 Absorbed light energy is used to: 

◦ Produce ATP 

◦ Split water molecules 

 Called photolysis 

 Forms oxygen and hydrogen 

Photosynthesis 

Use of light energy 

 (a) Light is absorbed by 

chlorophyll molecules 

◦ Photons of light are 

absorbed turned into 

chemical energy 

(electrons) 

Photosynthesis 

Use of light energy 

 (b) Chemical energy 

(electrons) is trapped in 

making ATP 

 (c) Photolysis 

◦ Water is split producing: 

 Hydrogen for the formation 

of organic molecules 

 Electrons to be charged by 

absorbed light 

 Oxygen gas as waste 
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2.9.U5 

Energy is needed to produce 
carbohydrates and other carbon 
compounds from carbon dioxide. 

Photosynthesis 

Production of organic molecules 

 

 ATP and hydrogen (derived from the 

photolysis of water) are used to fix 

carbon dioxide to make organic 

molecules 

 
 

                                 NOTE: Fix refers to assimilation of CO2 

Photosynthesis 

Production of organic 

molecules 

 H+ are combined with 

carbon dioxide to form 

organic compounds 

 Bonds formed between 

the C, H and O using the 

energy from ATP 

◦ Which came form the sun 
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Photosynthesis 

Production of organic 

molecules 

 C, H, O are enough to 

form lipids and 

carbohydrates 

 With a Nitrogen source, 

amino acids can be made 

◦ Nitrogen from the soil 

Photosynthesis 

Production of organic 

molecules 

 Plants can manufacture 

all their own organic 

molecules 

◦ All the basic organic 

molecules required by all 

life forms 

Photosynthesis 
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Photosynthesis 

2.9.S2 

Design of experiments to investigate the 
effect of limiting factors on 
photosynthesis. 

Photosynthesis 

Factors affecting rate of photosynthesis 
 

 

 

 LAB TIME!!! 

◦ Design a lab to be assessed on D, DCP, CE 
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Photosynthesis 

Measuring rate of photosynthesis 
 

 Processes like photosynthesis and 

respiration can be measured by either 

◦ Depletion of substrate. 

◦ Accumulation of products 

 

        so…………… 

Photosynthesis 

Measuring rate of photosynthesis 

 

Photosynthesis: 

 

Carbon dioxide + Water  Organic molecule + Oxygen 

 

 

 

 

           NEED TO KNOW THIS EQUATION 

Photosynthesis 

Measuring rate of photosynthesis 

 CO2 uptake 

◦ Place plant in an enclosed volume and 

monitor change in gaseous CO2 over time 

◦ CO2 is consumed during the Calvin cycle 

and directly measures photosynthetic rate 
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Photosynthesis 

Measuring rate of photosynthesis 

 CO2 uptake 

◦ Place plant in an enclosed volume 

containing water and bicarbonate 

◦ Monitor the change in pH of the water 

 CO2 dissociates from bicarbonate, making the 

water more basic (increase in pH) 

 Thus providing a direct measure of 

photosynthetic rate 

Photosynthesis 

Measuring rate of photosynthesis 

 O2 production 

◦ Place plant in an enclosed volume and 

monitor change in gaseous O2 over time 

◦ O2 is produced by the photolysis of water 

and directly measures photosynthetic rate 

Photosynthesis 

Measuring rate of photosynthesis 

 O2 production 

 

 

 

 

 
    It is normal to count the bubbles per minute but it is 

possible to be more rigorous than this in determining 

and quantifying your values 
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Photosynthesis 

Measuring rate of photosynthesis 

 Biomass increase 

◦ Measure organic content of plants before 

and after experiment 

◦ Dry biomass is more accurate 

 Measure weight after drying plant in an oven 

 Kills the plant… 

Photosynthesis 

TOK QUESTION: 

CONTROL FREAK! 
 

If we want to investigate the effect of one factor, all other 

factors that could have an influence must be controlled. 

While this is easy to ensure in some areas, it is much more 

complicated in other (including studying human health). 
 

For example, people who take vitamins live longer than people 

who do not. Is this because of the vitamins or because of the 

sort of person who takes vitamins daily? 
 

When can we trust science? 
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2.9.U6 

Temperature, light intensity and carbon 
dioxide concentration are possible limiting 
factors on the rate of photosynthesis. 

Photosynthesis 

Limiting factors of rate of photosynthesis 

 Rate of complex biochemical pathways 

are affected by a number of factors 

 Photosynthesis can be affected by: 

◦ Light intensity 

◦ CO2 concentration 

◦ Temperature 

Photosynthesis 

Limiting factors of rate of photosynthesis 

 Photosynthesis has many individual steps 

◦ Overal rate is determined by the step that is 

proceeding most slowly (rate-limiting step) 

◦ Whatever is causing the slowest step to be 

slow, controls the speed of the reaction 
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Photosynthesis 

Limiting factors of rate of photosynthesis 

 Under a given set of conditions only one 

factor will affect the rate of 

photosynthesis 

◦ Factor at its minimum is called the 

limiting factor 

Photosynthesis 

Factors affecting rate of photosynthesis 

 Temperature 

◦ Enzymes in photosynthesis have optimal 

temperature ranges 

 Rate is highest at the optimum temperature 

 Rate is lower at both very low and very high 

temperatures 

 Temperature effects all enzymes! 

Factors affecting rate of 

photosynthesis 

 Temperature 

◦ (a) Increasing rate of 

photosynthesis as the 

kinetic energy increases 

◦ (b) Maximum rate of 

reaction of photosynthesis 

at the 'optimal' 

temperature 

◦ (c) Decrease in rate of 

photosynthesis as the 

enzymes become unstable 

and denature 
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Photosynthesis 

Factors affecting rate of photosynthesis 

 Light intensity 

◦ Light (especially red and blue) is absorbed 

by chlorophyll 

 Essential for the powering electrons in the     

light-dependent reactions 

◦ Rate increases quickly with initial additions 

of light, then slows down until reaching a 

plateau 

Factors affecting rate of 

photosynthesis 

 Light intensity 

 

◦ (a) At very low light levels 

plant only respire 

 Actually release some CO2 

from respiration 

Factors affecting rate of 

photosynthesis 

 Light intensity 

 

◦ (b) As the light intensity 

increases, the rate of 

photosynthesis increases 

 

◦ (c) At high light intensities 

the rate becomes constant 

 Plant can not harvest the 

light at these intensities 
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Photosynthesis 

Limiting factors of rate of photosynthesis 

 Light 

◦ Rate of photosynthesis increases as light 

intensity increases 

 Because more photons are absorbed to make ATP 

 ATP from the light-reactions powers Calvin cycle 

◦ Photosynthetic rate reaches plateau at high 

light levels 

 Because photosystems are absorbing photons at a 

maximum rate 

Photosynthesis 

Factors affecting rate of photosynthesis 

 Carbon dioxide concentration 

◦ CO2 is essential during the Calvin cycle for 

the production of carbohydrates 

 Rate increases quickly with initial additions of 

CO2,  then slows down until reaching a plateau 

Factors affecting rate of 

photosynthesis 

 CO2 concentration 

◦ (a) O2 is used up as the 

plant is respiring 

◦ (b) As CO2 concentration 

increases, the rate of 

reaction increases 

◦ (c) Atmospheric levels 

◦ (d) Maximum rate 

◦ (e) Range of values for 

different plants reaching 

their saturation level 

 Plateaus once reached 
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Photosynthesis 

Limiting factors of rate of photosynthesis 

 Carbon dioxide 

◦ Rate increases as CO2 concentration 

increases 

 More CO2 is absorbed by the Calvin Cylce 

 HL: Used by ribulose bisphosphate carboxylase to make 

triose phosphate 

◦ Rate reaches plateau at high CO2 levels 
 HL: Ribulose bisphosphate carboxylase is fixing carbon at a 

maximum rate 

Photosynthesis 

Limiting factors of rate of photosynthesis 

2.9.A1 

Changes to the Earth’s atmosphere, 
oceans and rock deposition due to 
photosynthesis. 

-  87  -



Mr. Briner ASM 

23 

Photosynthesis 

Oxygen in the atmosphere 

 Photosynthesis 

◦ The main source of all gaseous oxygen 

 Oxygen is highly reactive 

◦ Naturally is used in reactions 

 Burning, rusting and respiration 

◦ Does not last long on its own 

Photosynthesis 

Oxygen in the atmosphere 

 Before the evolution of photosynthesis, 

almost no O2 in the atmosphere 

◦ Around 2.3 billion years ago, photosynthesis 

caused O2 to begin rising 

Photosynthesis 

Oxygen in the atmosphere 

 Effects of photosynthesis on early earth: 

◦ Oceans: 

 Used to have high levels of dissolved iron 

 Oxygen reacted with iron, which caused it to 

precipitate (un-dissolve) 

 Continued until all the iron left the ocean! 

 When the iron all reacted, atmospheric oxygen 

began to rise 
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Photosynthesis 

Oxygen in the atmosphere 

 Effects of photosynthesis on early earth: 

◦ Atmosphere: 

 Used to have no oxygen 

 Now the atmosphere is 20% O2! 

 

 

Photosynthesis 

Oxygen in the atmosphere 

 Effects of photosynthesis on early earth: 

◦ Rock deposition: 

 Reaction between dissolved iron and oxygen 

created deposits in ocean rock 

 Called banded iron formations (BIFs) 

 Formed between 2.3-1.8 BYA (do not need to know this) 

 As BIF deposition slowed in oceans, iron rich 

layers started to form on land 

 Due to the rise in atmospheric O2 levels 

 

Photosynthesis 

Oxygen in the atmosphere 

 Effects of photosynthesis on early earth: 

◦ Rock deposition: 
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Photosynthesis 

Oxygen in the atmosphere 

 Effects of photosynthesis on early earth: 

◦ Biological life: 

 Increased oxygen may have been poisonous to 

early anaerobic life 

 Increased oxygen was vital for the evolution of 

aerobic life 

 Like us! 

MAJOR SOURCES 
Thank you to my favorite sources of information when 

making these lectures! 
 

John Burrell (Bangkok, TH) 

www.click4biology.info 
 

Dave Ferguson (Kobe, JA) 

http://canada.canacad.ac.jp/High/49 
 

Brent Cornell (Melbourne, AU) 

http://ib.bioninja.com.au/ 
 

Andrew Allott – Biology for the IB Diploma 

C. J.Clegg – Biology for the IB Diploma 

Weem, Talbot, Mayrhofer – Biology for the International Baccalaureate 

Howard Hugh’s Medical Institute – www.hhmi.org/biointeractive 

Mr. Hoye’s TOK Website – http://mrhoyestokwebsite.com  

And all the contributors at www.YouTube.com 
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2. Molecular Biology – 2.9 Photosynthesis 

 
Name: 

 http://bioknowledgy.weebly.com/  (Chris Paine) 

 
Understandings, Applications and Skills (This is what you maybe assessed on) 
 
 Statement Guidance 

2.9.U1 Photosynthesis is the production of carbon compounds in 
cells using light energy. 

 

2.9.U2 Visible light has a range of wavelengths with violet the 
shortest wavelength and red the longest. 

 

2.9.U3 Chlorophyll absorbs red and blue light most effectively and 
reflects green light more than other colours. 

Students should know that visible light has 
wavelengths between 400 and 700 
nanometres, but they are not expected to 
recall the wavelengths of specific colours of 
light. 

2.9.U4 Oxygen is produced in photosynthesis from the photolysis 
of water. 

 

2.9.U5 Energy is needed to produce carbohydrates and other 
carbon compounds from carbon dioxide. 

 

2.9.U6 Temperature, light intensity and carbon dioxide 
concentration are possible limiting factors on the rate of 
photosynthesis. 

 

2.9.A1 Changes to the Earth’s atmosphere, oceans and rock 
deposition due to photosynthesis. 

 

2.9.S1 Drawing an absorption spectrum for chlorophyll and an 
action spectrum for photosynthesis. 

 

2.9.S2 Design of experiments to investigate the effect of limiting 
factors on photosynthesis. 

Water free of dissolved carbon dioxide for 
photosynthesis experiments can be 
produced by boiling and cooling water. 

2.9.S3 Separation of photosynthetic pigments by chromatograph. 
(Practical 4) 

Paper chromatography can be used to 
separate photosynthetic pigments but thin 
layer chromatography gives better results. 

 
Recommended resources: 

http://bioknowledgy.weebly.com/29-photosynthesis.html 

Allott, Andrew. Biology: Course Companion. S.l.: Oxford UP, 2014. Print. 
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2.9.U1 Photosynthesis is the production of carbon compounds in cells using light energy. 
 
1. Define photosynthesis 

 

 

 

 

2. State the word equation and balanced symbol equation for the metabolic process of photosynthesis. 

 

Word: 

 

  

 

Symbol: 

 

  

 

3. State the two main uses of the glucose produced in photosynthesis: 

 

  

 

 
2.9.U5 Energy is needed to produce carbohydrates and other carbon compounds from carbon dioxide. 
 
4. State the word is used to describe reactions and process that consume energy. 

 

  

 

5. With reference to the products of photosynthesis outline why the process of photosynthesis consumes 

energy. 

 

 

 

 

 

6. State the source of energy used in the process of photosynthesis. 
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2.9.U4 Oxygen is produced in photosynthesis from the photolysis of water. 
 
7. One use of the energy consumed in photosynthesis is the splitting of water molecules. This essential 

step releases electrons, which are needed in other parts of the process. 

 

H2O → 4e− + 4H+ + O2 

 
a. State the name of the water splitting process. 

 
  
 

b. State the waste product of photosynthesis is produced by this process and explain why this product 
is considered to be a waste product. 
 
  
 

 
 
2.9.S3 Separation of photosynthetic pigments by chromatograph. (Practical 4) 
 
8. In the absence of equipment you can use the virtual lab and complete the self-test quiz: 

 

a. Virtual lab: http://www.phschool.com/science/biology_place/labbench/lab4/pigsep.html 

2.9.U2 Visible light has a range of wavelengths with violet the shortest wavelength and red the longest. 
2.9.U3 Chlorophyll absorbs red and blue light most effectively and reflects green light more than other 
colours. 
2.9.S1 Drawing an absorption spectrum for chlorophyll and an action spectrum for photosynthesis. 
 
9. Light from the Sun is composed of a range of wavelengths (colours). The range of wavelengths of visible 

light occupies is 400 to 700 nm. 

a. Outline the properties of these wavelengths of light: 
 

Wavelength 

(nm) 
10-400 450-500 500-570 625-700 

800-

1,000,000 

Name Ultraviolet    Infra-red 

Photosynthesis? No    No 

Visible? No Yes Yes Yes No 

Energy Very High  
Low 

Frequency Very High  
Low 
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b. State the name of the main photosynthetic pigment and where in (typical) plant cells it is found. 
 
Name:     Location: 
 

c. Distinguish between action and absorption spectra for photosynthesis.  
 
 

 

 

 
d. Explain why the leaves of most plants appear green to us. 

 
 

 

 

 
 

e. In the space below, draw (and label) a graph showing the action and absorption spectra for 
chlorophyll. 
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2.9.U6 Temperature, light intensity and carbon dioxide concentration are possible limiting factors on the 
rate of photosynthesis. 
 
10. Outline the effects of the following variables on the rate of photosynthesis. Sketch and annotate a graph 

for each one. 

 

Light intensity 

 

  

  

 

Note: light intensity is not the same as wavelength or frequency. Light intensity refers to the amount of light of a given 

wavelength which is available to the plant. Light intensity is high at the equator, in the summer or at midday.  

Temperature 

 

  

  

  

 

Carbon dioxide concentration 
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2.9.S2 Design of experiments to investigate the effect of limiting factors on photosynthesis. 
 
11. Define rate, with regard to reactions.  

 

  

 

12. Explain how the rate of photosynthesis can be measured directly and indirectly. 

 

Direct Measurement 1 Uptake:   

Explanation: 

 

 

 

 

 

 

 

Direct Measurement 2 Product:   

Explanation: 

 

 

 

 

 

Indirect Measurement Product:   

Explanation: 

 
 
 
 
 
 
 
 
 

 

 
  

-  96  -

http://bioknowledgy.weebly.com/


 

 http://bioknowledgy.weebly.com/  (Chris Paine) 

13. When designing an investigation into the effect of limiting factors on photosynthesis suggest what 

considerations that need to be taken into account for each variable. 

a. The independent variable: 
 

 

 

 

 

 

b. The dependent variable: 
 

 

 

c. Control variables: 
 

  

 

 

 

 

 

 

 

 
 
Nature of Science: Experimental design—controlling relevant variables in photosynthesis experiments is 
essential. (3.1)  
 
14. Explain why an experiment that does not control the relevant variables would be an unsuccessful one. 

 

  

-  97  -

http://bioknowledgy.weebly.com/


 

 http://bioknowledgy.weebly.com/  (Chris Paine) 

2.9.A1 Changes to the Earth’s atmosphere, oceans and rock deposition due to photosynthesis. 
 
 
15. Describe the Earth’s atmosphere before the process of photosynthesis evolved. 

 

  

 

16. State the type of organism that first carried out photosynthesis and how long ago it arose. 

 

  

 

 

17. Photosynthetic organisms have caused many changes to the Earth. Outline how these organisms have 

affected each of the following. 

a. The atmosphere: 
 
  

 

 

 

 

 

b. The oceans: 
 
 

 

 
c. Rock deposition: 
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Data Analysis 
 
18. The effect of temperature on photosynthesis was studied in sweet orange (Citrus sinensis) using leaf 

discs. The production of oxygen was used to measure the rate of photosynthesis. Gross photosynthesis 

refers to the sum of net photosynthesis and respiration. Net photosynthesis was calculated by 

subtracting the rate of respiration in the dark from gross photosynthesis. 

 
 [Source: Adapted from R Ribeiro et al. 2006. Ciência e Agrotecnologia. Vol 30. Pp 670–678.] 

  
a. Identify the optimum temperature for photosynthesis in this plant. (1) 

 

 

 

b. Determine the difference between gross photosynthesis and net photosynthesis at 40°C and 50°C. 

(2) 

 

 

 

 

 

c. Deduce what happens to the rate of respiration as the temperature increases between 40°C and 

50°C. (1) 

 

 

 

 

d. Describe the general pattern of change in photosynthesis in sweet orange as the temperature 

increases. (1) 
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e. Compare the effect of temperature on photosynthesis with the effect of temperature on respiration 

in sweet orange. (2) 

 

 

 

 

 

 

 

 

 

 
 
 
Citations: 

Allott, Andrew. Biology: Course Companion. S.l.: Oxford UP, 2014. Print. 
 
Taylor, Stephen. "Essential Biology 03.8 Photosynthesis.docx." Web. 18 Nov. 2014. 
<http://www.slideshare.net/gurustip/essential-biology-38-photosynthesis-core>. 
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Mr. Briner ASM 

1 

IB DP Biology 
Unit 8.3 

Photosynthesis HL 

Photosynthesis 

Stages of Photosynthesis 

 Photosynthesis occurs in two main 

phases: 

◦ Light dependent reaction 

◦ Light independent reaction 

Photosynthesis 

Photosynthesis Summary 

1. Light dependent reaction 

◦ Creates electron carriers and ATP 

 Used to power the Calvin Cycle 

2. Light independent reaction 

◦ Creates organic molecules (sugar, etc.) 

 aka: the Calvin Cycle 

 Uses energy from the light dependent reactions 
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Photosynthesis 

Photosynthesis Summary 

Photosynthesis 

Photosynthesis 
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8.3.U14 

The structure of the chloroplast is adapted 
to its function in photosynthesis. 

Photosynthesis 

Chloroplast structure 

Photosynthesis 

Chloroplast structure 

 Thylakoids 

◦ Internal membranes often stacked in grana 

◦ Location of the light dependent reaction 

 Stroma 

◦ Surrounding the thylakoids and inside the 

double membrane 

◦ Location of the light independent reaction 

 Including the Calvin cycle 

 Often contains starch grains and oil droplets 
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Photosynthesis 

Chloroplast structure 

 (a) Cell wall 

 (b) Double membrane 

 (c) Starch grain 

 (d) Grana 

 (e) Thylakoid 

 (f) Stroma 

Photosynthesis 

Photosynthesis 

Chloroplast structure 
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8.3.U1 

Light-dependent reactions take place in 
the intermembrane space of the 
thylakoids. 

Photosynthesis 

Stages of Photosynthesis 

 Light Dependent Reaction 

◦ Must have light to take place. 

◦ Takes place on the thylakoid membranes 

using the intermembrane space 

 

Photosynthesis 

Stages of Photosynthesis 

 Light Dependent Reaction 

◦ Energy of sun is trapped by chlorophyll 

molecules (reduction) 

◦ Photon energy is used to raise the energy 

of electrons 

 Which escape the chlorophyll (oxidizing it) 

◦ This energy is coupled with reduction of: 

 ADP + Pi    ATP 

 NADP+    NADPH + H+  
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Photosynthesis 

8.3.U2 

Light-independent reactions take place in 
the stroma. 

Photosynthesis 

Stages of Photosynthesis 

 Light Independent Reaction 

◦ Does not require light 

 Can occur in both the light and dark periods 

 Uses the chemical energy from the LDR 

◦ Takes place in the stroma 

◦ Fixes atmospheric carbon into organic 

molecules 

 Such as glucose 
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Photosynthesis 

8.3.U4 

Absorption of light by photosystems 
generates excited electrons. 

Photosynthesis 

Light dependent reaction 

 Photosystem 

◦ System built around chlorophyll to change 

light energy into chemical energy 

 Associated with other pigments and proteins 

◦ Plants have two Photosystems: 

 II and I 

 

             2 comes first! 
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Photosynthesis 

Light dependent reaction 

 Electrons in chlorophyll absorb energy 

from photons 

◦ Raises them from the ground state to 

higher 'excited' states 

Photosynthesis 

Light dependent reaction 

 Excited electrons have more energy 

◦ They are more easily lost from the 

chlorophyll 

 This is a form of oxidation 

 

8.3.U3 

Reduced NADP and ATP are produced in 
the light-dependent reactions. 
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Photosynthesis 

Light dependent reaction 

 Two main methods of making energy 

◦ Non-cyclic photophosphorylation 

 Passing electrons from PsII to PsI to NADP+ 

 Replacing lost electrons from water photolysis 

◦ Cyclic photophosphorylation 

 Electrons cycle between PsI and a proton pump 

 Creating ATP 

Photosynthesis 

Light dependent reaction 

Photosynthesis 

Light dependent reaction 

 Non-cyclic photophosphorylation 

◦ One-way flow of 2 electrons 

 From water to PsII  

 From PsII to ETS  

 From ETS to PsI 

 From PsI to NADP+ 

◦ 2 main products 

 NADPH + H+ 

 ATP  
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Photosynthesis 

Light dependent reaction: Non-cyclic P. 

 Photoactivation of Photosystem II: 

◦ Photons of light absorbed by pigments 

 Especially chlorophyll a, at 680 nm 

 

◦ Chlorophyll a is reduced as it gains energy 

◦ Chlorophyll a is oxidized when excited e-s 

move to electron transport system 

8.3.U5 

Photolysis of water generates electrons 
for use in the light-dependent reactions. 

Photosynthesis 

Light dependent reaction: Non-cyclic P. 

 Photolysis of water 

◦ Oxidized chlorophyll a lacks electrons 

◦ Replaced as H2O is split 

 H2O  2 H+ + 2 e-s + 1/2 O2 
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Photosynthesis 

Light dependent reaction: Non-cyclic P. 

 Photolysis of water 

◦ Protons 

 Remain in thylakoid interior, lowering pH 

 This contributes to chemiosmotic gradient 

 Used in phosphorylation of ATP 

◦ Two electrons 

 Replace electrons lost by chlorophyll to ETS 

 1/2 O2 lost to environment as a waste product 

8.3.U6 

Transfer of excited electrons occurs 
between carriers in thylakoid membranes. 

Photosynthesis 

Light dependent reaction: Non-cyclic P. 

 Electron transport system 

◦ Proteins embedded in thylakoid membrane 

-  111  -



Mr. Briner ASM 

12 

Photosynthesis 

Light dependent reaction: Non-cyclic P. 

 Electron transport system 

◦ Transfer energy along a pathway in series of 

redox reactions 

 From PsII to PsI 

 From PsI to NADP+ 

8.3.U7 

Excited electrons from Photosystem II are 
used to contribute to generate a proton 
gradient. 

Photosynthesis 

Light dependent reaction: Non-cyclic P. 

 Electron transport system 

◦ Some energy used to pump H+s 

 From stroma to thylakoid interior 

 Lowering pH 

 Contributing to chemiosmotic gradient used in 

phosphorylation of ATP 
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Photosynthesis 

Light dependent reaction: Non-cyclic P. 

 Photoactivation of Photosystem I 

◦ Photons of visible light absorbed by 

pigments 

 Especially chlorophyll a at 700 nm 

 

◦ Chlorophyll is reduced as it gains energy 

◦ Chlorophyll a oxidized when excited e-s 

move to electron transport system 

Photosynthesis 

Light dependent reaction: Non-cyclic P. 

 Reduction of NADP+ 

◦ Gain of 2 electrons from ETS 

 Reduces NADP+  NADPH + H+ 

Photosynthesis 

Light dependent reaction: Non-cyclic P. 
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Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

1. Light is absorbed by chlorophyll in 

Photosystem II 

2. Chlorophyll absorbs the light energy 

 Converts this to chemical energy as electrons 

3. Photosystem II is oxidised 

 Releasing electrons 

 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

4. Electrons from PSII pass along membrane 

proteins in thylakoids 

5. Membrane proteins use energy from 

electrons to pump H+s 

 From the stroma into the inner thylakoids space 
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Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 
 

At the same time… 

6. Photosystem I (different chlorophyll 

combination) absorbs light 

7. Chlorophyll molecule releases electrons 

 In the oxidation of PS I 

 PS I is now oxidised 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 
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Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

8. Electrons pass from PSI to other 

membrane proteins 

 Called ferrodoxins 

9. These reduce NADP+ to NADPH + H+ 

 NADPH is found in the stroma 

 Used in the light independent reaction 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

10. PS I has been oxidised and lost its 

electron 

 To continue absorbing light PsI needs new 

electrons 

 Source of electrons for this reduction are 

those from PsII electron carriers 
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Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

11. PsII now also needs electons to maintain 

light absorption 

 Source of electrons is photolysis of water 

12. Electrons removed from water for PsII 

 Also makes of H+ and Oxygen 

 Oxygen is a waste product of photosynthesis 

 But very important to aerobic organisms 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 
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Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

13. High concentration of H+ in thylakoid 

lumen 

 Diffuse back to the stroma 

 Through ATP Synthase 

14. Drives the phosphorylation of ADP to 

ATP 

Photosynthesis 

Light dependent reaction 

Non-cyclic photophosphorylation 

Photosynthesis 
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8.3.U9 

Excited electrons from Photosystem I are 
used to reduce NADP. 

Photosynthesis 

Light dependent reaction 

Cyclic photophosphorylation 

◦ When there is a lot of NADPH, 

PSI does not use electron to make NADPH 

 It sends its 'excited' electron to a proton pump 

 

◦ Cyclic: 

 Flow of e-s from PsI to ETS and back 

 

◦ Main product = ATP  

Light dependent reaction 

Cyclic photophosphorylation 

1. PS I is oxidised 

 Releasing an 'excited' electron 
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Light dependent reaction 

Cyclic photophosphorylation 

2. Electron reduces membrane proton pump 

 Protons are pumped into the thylakoid space 

 Generates ATP 

Light dependent reaction 

Cyclic photophosphorylation 

3. Electrons are cycled back to PS I 

 To reduce it 

Photosynthesis 
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Photosynthesis 

ANIMATION 

8.3.U8 

ATP synthase in thylakoids generates ATP 
using the proton gradient. 

Photosynthesis 

Phosphorylation in terms of chemiosmosis 

 Accumulation of H+ 

◦ Due to proton pumping 

◦ Causes H+ concentration difference 

 Between thylakoid space (high concentration) and 

stroma (low concentration)  

 Protons diffuse through ATP synthase 

◦ ADP reduced to ATP 

◦ Same mechanism as in cristae membranes 

during respiration 
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Photosynthesis 

Phosphorylation in terms of chemiosmosis 

Photosynthesis 

Phosphorylation in terms of chemiosmosis 

 Thylakoid interior pH = 4 because: 

a) Photolysis of H2O  2 H+ + 2 e-s + 1/2 O2 

b) ETS H+ pump 

c) H+ diffuse down chemiosmotic gradient 

 From thylakoid interior (pH = 4) through proton 

channel into stroma (pH = 8) 

 Energy released used by ATP synthase to 

phosphorylate ADP + Pi  ATP 

Photosynthesis 
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Photosynthesis 

8.3.U10 

In the light-independent reactions a 
carboxylase catalyses the carboxylation of 
ribulose bisphosphate. 
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Photosynthesis 

Light independent reaction 

 Energy trapped from sunlight in the light 

dependent reaction (ATP and NADPH) 

◦ Used to fix carbon from carbon dioxide into 

organic molecules 

 Reaction called the Calvin Cycle 

◦ Takes place in the stroma 

◦ Controlled by enzymes 

Photosynthesis 

Light independent reaction 

 Ribulose Bisphosphate 

Carboxylase (Rubisco) 

◦ Enzyme that allows carbon to be fixed into 

an initial organic molecule 

 Rubisco is a link between inorganic 

(non-living) and organic (living) 

◦ Primary productivity 

Photosynthesis 
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Photosynthesis 

Light independent reaction: Summary 

 Ribulose bisphosphate carboxylase 

(rubisco) 

◦ Enzyme that carboxylates ribulose 

bisphosphate 

◦ Forming two glycerate 3-phosphate 

 

◦ RuBP + CO2   rubisco  2 GP 

Photosynthesis 

8.3.U11 

Glycerate 3-phosphate is reduced to 
triose phosphate using reduced NADP and 
ATP. 
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Photosynthesis 

Light independent reaction: Summary 

 Reduction of glycerate 3-phosphate (GP) 

to triose phosphate (TP) 

◦ Energy from ATP and NADPH + H+ 

8.3.U12 

Triose phosphate is used to regenerate 
RuBP and produce carbohydrates. 

8.3.U13 
Ribulose bisphosphate is reformed using 
ATP. 

Photosynthesis 

Light independent reaction: Summary 

 Regeneration of RuBP 

◦ 83% of 3-carbon TP is used to regenerate 5-

carbon RuBP 

◦ Using energy from ATP 
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Photosynthesis 

Light independent reaction: Summary 

 Synthesis of carbohydrates and more 

◦ Enzymes convert TP to various products: 

 Monosaccharides 

 Glucose, Fructose 

 Disaccharides 

 Sucrose 

 Polysaccharides 

 Starch 

 Other products 

 Lipids, Amino acids, Nucleic acids 

Photosynthesis 

Light independent reaction 

1. Carbon Fixation 

◦ Single carbon in carbon dioxide is added to 

Ribulose bisphosphate (5C) 

 Forming 2 molecules of Glycerate-3-phosphate 

(GP) 

Photosynthesis 

Light independent reaction 

2. Reduction 

◦ GP is reduced to a Triose-phosphate(TP) 

 In the process NADPH and ATP are oxidised 

 Providing the energy 
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Photosynthesis 

Light independent reaction 

2. Reduction 

◦ TP is used to manufacture a variety of 

organic molecules 

 Including Glucose 

Photosynthesis 

Light independent reaction 

3. Regeneration 

◦ Some of the TP is used to regenerate RuBP 

◦ Allows more carbon dioxide to be fixed from 

the atmosphere 

Photosynthesis 
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8.3.A1 

Calvin’s experiment to elucidate the 
carboxylation of RuBP. 

TOK QUESTION: 

Abstract ART? 
 

The lollipop apparatus used to work out 

the biochemical details of the Calvin cycle 

shows considerable creativity. 
http://science.howstuffworks.com/dictionary/famous-scientists/chemists/melvin-calvin-info.htm 

 

To what extent is the creation of an elegant 

procedure similar to the creation of a 

work of art? 
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8.3.S1 

Annotation of a diagram to indicate the 
adaptations of a chloroplast to its function. 

Photosynthesis 

Chloroplast structure and function 

 Chloroplast interior separated into 

thylakoids and stroma 

◦ Thylakoids = site of light dependent reactions 

 Large surface area to maximize light absorption 

 Small space inside thylakoids allows for proton 

accumulation 

 Thylakoid interior acidic (pH = 4) with high proton 

concentration allowing for chemiosmotic gradient 

Photosynthesis 

Chloroplast structure and function 

 Chloroplast interior separated into 

thylakoids and stroma 

◦ Stroma = site of light independent reactions 

 Stroma is basic (pH = 8) 

 Where Calvin cycle enzymes function optimally 
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Photosynthesis 

Chloroplast structure and function 

 Thylakoid membranes hold photosystem 

pigments 

◦ Pigments anchor in thylakoid membranes by 

hydrophobic/ hydrocarbon tails 

 Photolysis enzymes on inner surface of 

thylakoid membrane 

◦ Splits water into oxygen and hydrogen 

Photosynthesis 

Chloroplast structure and function 

 Intrinsic proteins bound in thylakoid 

membranes allow electron transport 

◦ ETC proteins between photosystems II and I 

pump protons into thylakoid interior 

 Adding to chemiosmotic gradient 

◦ NADP reductase bound to outer thylakoid 

membrane  

 Reduces NADP to NADPH for Calvin cycle 

Photosynthesis 

Chloroplast structure and function 

 ATP synthase in the thylakoid membrane 

◦ Allows proton flow down chemiosmotic 

gradient to power photophosphorylation 

◦ ATP production in stroma 
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Photosynthesis 

Chloroplast structure and function 

 Chloroplast DNA and ribosomes allow 

for protein synthesis 

 Chloroplast starch granules for storage 

of photosynthetic products 

Photosynthesis 

Chloroplast structure and function 

MAJOR SOURCES 
Thank you to my favorite sources of information when 

making these lectures! 
 

John Burrell (Bangkok, TH) 

www.click4biology.info 
 

Dave Ferguson (Kobe, JA) 

http://canada.canacad.ac.jp/High/49 
 

Brent Cornell (Melbourne, AU) 

http://ib.bioninja.com.au/ 
 

Andrew Allott – Biology for the IB Diploma 

C. J.Clegg – Biology for the IB Diploma 

Weem, Talbot, Mayrhofer – Biology for the International Baccalaureate 

Howard Hugh’s Medical Institute – www.hhmi.org/biointeractive 

Mr. Hoye’s TOK Website – http://mrhoyestokwebsite.com  

And all the contributors at www.YouTube.com 
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8. Metabolism, cell respiration and photosynthesis – 8.3 Photosynthesis AHL 

 
Name: 

 http://bioknowledgy.weebly.com/  (Chris Paine) 

 
Understandings, Applications and Skills (This is what you maybe assessed on) 
 
 Statement Guidance 

8.3.U1 Light-dependent reactions take place in the intermembrane 
space of the thylakoids.* 

 

8.3.U2 Light-independent reactions take place in the stroma.  

8.3.U3 Reduced NADP and ATP are produced in the light-
dependent reactions. 

 

8.3.U4 Absorption of light by photosystems generates excited 
electrons. 

 

8.3.U5 Photolysis of water generates electrons for use in the light-
dependent reactions. 

 

8.3.U6 Transfer of excited electrons occurs between carriers in 
thylakoid membranes. 

 

8.3.U7 Excited electrons from Photosystem II are used to 
contribute to generate a proton gradient. 

 

8.3.U8 ATP synthase in thylakoids generates ATP using the 
proton gradient. 

 

8.3.U9 Excited electrons from Photosystem I are used to reduce 
NADP. 

 

8.3.U10 In the light-independent reactions a carboxylase catalyses 
the carboxylation of ribulose bisphosphate. 

 

8.3.U11 Glycerate 3-phosphate is reduced to triose phosphate 
using reduced NADP and ATP. 

 

8.3.U12 Triose phosphate is used to regenerate RuBP and produce 
carbohydrates. 

 

8.3.U13 Ribulose bisphosphate is reformed using ATP.  

8.3.U14 The structure of the chloroplast is adapted to its function in 
photosynthesis. 

 

8.3.A1 Calvin’s experiment to elucidate the carboxylation of 
RuBP. 

 

8.3.S1 Annotation of a diagram to indicate the adaptations of a 
chloroplast to its function. 

 

 
* ‘across the thylakoid membrane’ is a more accurate statement as reactions occur on either side of the integral proteins. 
 

Recommended resources: 

http://bioknowledgy.weebly.com/83-photosynthesis.html 

Allott, Andrew. Biology: Course Companion. S.l.: Oxford UP, 2014. Print. 
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8.3.U1 Light-dependent reactions take place in the intermembrane space of the thylakoids. & 8.3.U4 
Absorption of light by photosystems generates excited electrons. & 8.3.U5 Photolysis of water generates 
electrons for use in the light-dependent reactions. & 8.3.U6 Transfer of excited electrons occurs between 
carriers in thylakoid membranes. & 8.3.U3 Reduced NADP and ATP are produced in the light-dependent 
reactions. & 8.3.U7 Excited electrons from Photosystem II are used to contribute to generate a proton 
gradient. & 8.3.U8 ATP synthase in thylakoids generates ATP using the proton gradient. & 8.3.U9 Excited 
electrons from Photosystem I are used to reduce NADP. 
 
1. Annotate the diagram below to explain the light-dependent reactions of photosynthesis. Include: 

photolysis, photophosphorylation (and chemiosmosis), movement of electrons, generation of a H+ 

gradient using a proton pump, reduction of NADP+ by ferredoxin. 
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2. Explain what happens to an electron when it is excited by photons of light. 

  

 

 

 
3. Define photolysis 

 

 

 
4. Identify the two products of the light-dependent reactions which are carried through to the light- 

independent reactions. 

 

  

 

 
 
8.3.U2 Light-independent reactions take place in the stroma. & 8.3.U10 In the light-independent reactions a 
carboxylase catalyses the carboxylation of ribulose bisphosphate. & 8.3.U11 Glycerate 3-phosphate is 
reduced to triose phosphate using reduced NADP and ATP. & 8.3.U12 Triose phosphate is used to 
regenerate RuBP and produce carbohydrates. & 8.3.U13 Ribulose bisphosphate is reformed using ATP. 
 
5. State the name of the 5-carbon compound present in the Calvin cycle. 

 

  

 

6. Define carboxylation. 

 

  

 

7. State the name of the highly abundant enzyme responsible for fixing CO2. 
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8. In the space below, draw a diagram to explain the cycle of reactions that occur in the light-independent 

stages of photosynthesis. Include: carboxylation of RuBP to glycerate-3-phosphate by rubisco, reduction 

to triose phosphate, formation of glucose phosphate and reformation of RuBP. 
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8.3.U14 The structure of the chloroplast is adapted to its function in photosynthesis. & 8.3.S1 Annotation of 
a diagram to indicate the adaptations of a chloroplast to its function. 
 
9. In the space below, draw and label a diagram of a chloroplast, as seen under a TEM. Include: thylakoid 

membranes and thylakoid (inner membrane) space, stroma, granum/thylakoid disc, chloroplast 

envelope. Annotate the diagram with the function of each component and the way it is adapted to 

increased the efficiency of photosynthesis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
10. Certain features of a chloroplast indicate it’s probable origin as a prokaryote cell. 

a. State the approximate size of a chloroplast 

  

 

b. Identify the other key structures that indicate the probable origin of a chloroplast. 

 

  

 

c. Explain how the size and structures identified above provide evidence of the chloroplast’s 

prokaryote origin. 
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8.3.A1 Calvin’s experiment to elucidate the carboxylation of RuBP. 
 
11. Outline the method used by Calvin to discover the carboxylation of RuBP. 

 

 

 

 

 

 

 

 

 
12. Explain, briefly, how the separation of the carbon compounds allowed Calvin to discover the 

carboxylation of RuBP. 

 

 

 

 

 
 
Nature of Science: developments in scientific research follow improvements in apparatus - sources of 14C 
and autoradiography enabled Calvin to elucidate the pathways of carbon fixation. (1.8) 
 
13. State the discovery and the development of what technique allowed Calvin to make his discoveries. 
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Data Analysis 
 
14. The rate of photosynthesis in the marine seagrass, Zostera marina, was investigated under a range of 

pH conditions. After a period of darkness, the plants were illuminated at a constant light intensity at 15°C 

and the rate of photosynthesis was measured. Zostera marina can use both dissolved carbon dioxide 

(CO2) and hydrogen carbonate ions for photosynthesis. 

 
[Source: Plant physiology by AMERICAN SOCIETY OF PLANT PHYSIOLOGISTS. Copyright 2008 Reproduced with 
permission of AMERICAN SOCIETY OF PLANT BIOLOGISTS in the format CD ROM via Copyright Clearance Center.] 

  
a. State the carbon dioxide concentration at pH 7.2. (1) 

 

 

 

b.  Calculate the percentage decrease in the rate of photosynthesis from pH 7 to pH 7.5. (1) 

 

  

 

c.  Outline the relationship between pH and the rate of photosynthesis. (2) 
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d. Suggest how Zostera marina can perform photosynthesis even at very low carbon dioxide 

concentrations. (1) 

 

 

 

 

e. Based on the information and data provided, discuss the role of one limiting factor, other than 

carbon dioxide, and suggest how this would affect the rate of photosynthesis. (2) 
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RESPIRATION AND PHOTOSYNTHESIS EXAMPLE QUESTIONS 

 

 (a) Compare how pyruvate is used in human cells when oxygen is available and when 
oxygen is not available. 

(4) 

(b) Outline the process of glycolysis. (HL) 
(5) 

 (c) Explain the process of aerobic cell respiration after glycolysis has occurred. (HL) 
(8) 

(d) Outline anaerobic cell respiration in plant cells. 
(5) 

 (e) Explain the similarities and differences in anaerobic and aerobic cellular respiration. 
(8) 

(f) Explain how triose phosphate is produced and used in the chloroplasts of a plant. (HL) 
(5) 

 (g) Explain methods that can be used to measure the rate of photosynthesis. 
(5) 

(h) Outline how light energy is used and how organic molecules are made in 
photosynthesis. 

(6) 

(i) Outline the role of chlorophyll and the effects of temperature, light intensity and carbon 
dioxide concentration on the rate of photosynthesis. 

(6) 

(j) Explain how the light-independent reactions of photosynthesis rely on light-dependent 
reactions. (HL) 

(8) 

(k) Explain the reactions involving the use of light energy that occur in the thylakoids of the 
chloroplast. (HL) 

(8) 

(l) Draw and label the action spectrum of photosynthesis. 
(4) 

(m) Explain the relationship between the structure of the chloroplast and the 
light-dependent reactions of photosynthesis.  (HL) 

(8) 

(n) Draw and label a mitochondrion as seen in electron micrographs. (HL) 
(4) 

(o) Explain the link reaction that occurs between glycolysis and the Krebs cycle. (HL) 
(4) 
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