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Understandings: 

1. Define biological pigments. 

- These are coloured compounds produced by metabolism.  

2. Explain why they are coloured. 

- This is because pigments usually have delocalized electrons in the p orbital (because of 

double bonds) that can move freely. When a molecule has the ability to alternate between 

single bonds and double bonds, we call them to be a highly conjugated system. Moreover, 

those electrons can absorb a certain wavelength and thus show off a certain colour. The 

light-absorbing parts of the molecule are called chromophore.  

3. Explain porphyrin compounds including chlorophyll, hemoglobin & myoglobin, and 

cytochromes  

- These are a class pigments with four different pentagons. It can act as a ligand because it 

can form a chelate by having a metal ion in the middle of the compound. It is of course 

bonded through coordinate bonds.  

Porphyrins may differ in terms of the metal in the middle and also the groups at the ends of 

each pentagon structure.  

 

 

 

 

 

 

 

We will look at three common porphyrins, which are chlorophyll, hemoglobin & myoglobin 

and cytochromes.   

4. Explain how chlorophyll works chemically.  

- The metal in chlorophyll is magnesium.  

Light → several accessory pigments pass on the energy → chlorophyll gets oxidized and 

electrons go to electron transport chain → chlorophyll regains is electrons by oxidizing water.  

In acidic solutions, Mg2+ is replaced by 2H+ and chlorophyll loses its colour.  
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5. Explain how hemoglobin and myoglobin works chemically.  

- The metal in hemoglobin and myoglobin is iron Fe(II).  

What is the difference between hemoglobin and myoglobin you may ask? Good question.  

 Hemoglobin Myoglobin 

Function Transports oxygen in blood 
(red blood cells).  

Transport oxygen in muscle 
cells.  

Structure Four different polypeptides.  One polypeptide.  

Ability Can bind to four oxygen 
molecules since it has one 
heme group each 
polypeptide. 

Can bind to one oxygen 
molecule.  

 

How exactly does oxygen bind? It forms a weak bond with the iron, and it does not change 

any oxidation state of hemo/myo-globins. We therefore say that it is oxygenated and not 

oxidized. Their respective names are oxyhemoglobin and oxymyoglobin.  

Hb + 4O2 ⇌ Hb-(O2)4 

Mb + O2 ⇌ Mb-O2 

6. Explain how cytochromes works chemically 

- The metal in cytochrome is also iron but can shift between Fe(II) and Fe(III).  

These work as electron carriers in both mitochondria and chloroplasts. This is because it can 

shift between two oxidation states.  

7. Explain anthocyanins.  

- These are class of pigments with three rings where one of them is an arene, hence 

aromatic. They have hydroxyl groups and are therefore water-soluble. Their specific colour 

depends on metal ions and pH. Since they are pH sensitive, they are also used as indicators.  

Flavylium is red in acid ↔ quinonoid is blue in base 

Why are they pH sensitive? It is probably because of the hydroxyl group that can accept 

hydrogen or donate hydrogen ion.  
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8. Explain carotenoids.  

- These are class of pigments ring structures too but also have chains of unsaturated 

hydrocarbons. Since they have long hydrocarbon chains they are lipid-soluble. Due to the 

unsaturated nature, they are susceptible to oxidation catalyzed by light. It is good in terms of 

being an antioxidant, but reduced numbers of carotenoids may be fatal.  

What do they do? Well, these are the accessory pigments mentioned above and are 

therefore involved in harvesting light in photosynthesis. They are also important for 

producing vitamin A.  

 

 

 

 

 

Applications and skills: 

1. Explain of the sigmoidal shape of hemoglobin’s oxygen dissociation curve in terms of the 

cooperative binding of hemoglobin to oxygen.  

- An important mechanism for hemoglobin is the cooperativity. When an oxygen molecule 

binds to the first heme group, it slightly changes conformation so the second oxygen 

molecule can bind more easily. That second molecule then makes the third oxygen molecule 

easier and so forth.  

What we get is a relationship between the saturation of hemoglobin molecules (how much 

oxygen hemoglobin is bound to) and the partial pressure of oxygen molecules (fancy term 

for concentration of oxygen molecules). The curve between these two is called sigmoidal 

curve because the curve looks like an S! Let’s explain this so we understand.  
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1. When concentration of oxygen is low, % saturation of hemoglobin is obviously low 

because there is these are mostly first oxygen that binds to hemoglobin.  

2. When concentration increases a bit more, it is much easier now for the subsequent 

oxygen molecules, thus % saturation increases rapidly.  

3. When concentration reaches a certain level, most hemoglobin molecules are fully 

saturated and thus not much increase in % saturation of hemoglobin. It is important to note 

that although slope changes, the saturation of hemoglobin increases with increased 

concentration of oxygen, which means that the affinity for O2 increases as well.  

If we did not have this cooperativity, we would expect a curve similar to enzyme activity vs 

substrate concentration.  

2. Discuss the factors that influence oxygen saturation of hemoglobin, including 

temperature, pH and carbon dioxide.  

- We have seen that concentration of oxygen alter the affinity, but that is only the 

movement along the curve. But is there anything that can actually shift the curve? Yes! 

Meaning of shifting to right: 

For the same concentration of oxygen, it will have less affinity towards oxygen because % 

saturation is lower.  

Meaning of shifting to left: 

For the same concentration of oxygen, it will have more affinity towards oxygen because % 

saturation is higher.  

 Shift to left Shift to right 

Location Elsewhere where we 
need less oxygen.  

Muscles and placenta. Obviously, we need 
hemoglobin to release oxygen for the muscles 
and for the baby.  
The three factors below can be logically deduced.  

Temperature Low.  High. This is because muscles produce a lot of 
heat during workout and we need to release 
oxygen! 

pH High.  Low. This is because muscles and placenta 
produce lots of CO2 (a Lewis acid) and may 
produce lactic acid.  

Concentration of 
CO2 

Low.  High. One of the products of respiration is CO2. 

 

 



©Ibling 

3. Describe the greater affinity of oxygen for foetal hemoglobin.  

- Note that myoglobin and fetal hemoglobin have higher affinity than mature hemoglobin, 

logically because it must be able to “snatch” off oxygen from hemoglobin.  

In a curve, myoglobin and fetal hemoglobin would therefore appear left to mature 

hemoglobin.  

4. Explain the action of carbon monoxide as a competitive inhibitor of oxygen binding.  

- We know that carbon monoxide is toxic, and the reason is because it has higher affinity to 

hemoglobin than oxygen. Thus it will prevent oxygen to bind and we die.   

5. Outline the factors that affect the stabilities of anthocyanins, carotenoids and 

chlorophyll in relation to their structures.  

-  

Anthocyanins Carotenoids Chlorophyll 

1. pH changes colour. 
2. Temperature changes 
structure and colour. Stable 
at low temperature. 
3. Metal ion changes colour.  

1. Oxygen can oxidize it.  
2. Light can catalyze 
oxidation.  
3. Temperature may change 
the structure from trans-
isomer to cis-isomer.  
All factors above may change 
colour.  

1. pH displaces Mg2+.  
2. Temperature deteriorates 
cell membrane and may 
change colour.  

 

6. Explain of the ability of anthocyanins to act as indicators based on their sensitivity to pH.  

- As mentioned, this is due to hydroxyl group.  

7. Describe the function of photosynthetic pigments in trapping light energy during 

photosynthesis.  

- Yes, this is outlined above. Be sure to explain accessory pigments and chlorophyll and 

oxidation and reduction using water.  

8. Be able to investigate pigments through paper and thin layer chromatography.  

- Paper chromatography and thin layer chromatography (TLC) are slightly different.  

Paper chromatography uses paper as stationary phase while TLC uses a special plastic with 

aluminium or silica or whatever as long as it is not paper. TLC is much quicker.  

TOK: 

1. Experiments show that our appreciation of food is based on an interaction between our 

senses. How do the different senses interact in giving us empirical knowledge about the 

world?  


