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visible light, giving its dark colour. Pheomelanin absorbs all 
the frequencies apart from those that relate to red and orange, 
which are transmitted back into our eyes to give a reddish tint 
to hair. 

Applications
Hair colour is determined by several different inherited genes. 
These genes are complicated and it is hard to predict hair colour 
from them. However, scientists have developed a test for the 
population’s rarest hair colour: red. Red hair can be caused by 
three variants of the MC1R gene. A saliva test can determine 
whether couples carry the variants.

This test may seem like a bit of fun, but genetic testing has 
far more serious applications. Inherited genetic conditions could 
be detected using similar methods, which would allow couples 
to find out their chances of having a baby with a life-altering 
condition, such as cystic fibrosis. This puts genetic testing at the 
centre of ethical and scientific debate. 

Human hair is unusual in the animal kingdom. Unlike 
many species we have many natural hair colours, ranging 
from jet black to bright orange. Have you ever wondered 

how these colours occur and why?

What creates the colour?
Only two pigments account for the wide spectrum of colours 
found in human hair. These are eumelanin, which has a brown/
black colour, and pheomelanin, which causes reddish tones. The 
higher the concentration of these pigments in your hair fibres 
the darker and more intense the colour. Blonde hair is the result 
of a lack of pigmentation. The different ratios of these pigments 

create all the different colours possible.
Both eumelanin and pheomelanin are 

types of melanin, which also gives 
us our skin tone. It is the pigment 

created in our skin when we are 
exposed to sunlight, so that 

we tan instead of burn.

How do pigments 
work?
A chromophore is the part 
of a pigment that creates 
its colour. It is an extended 

system of delocalised electrons. 
Delocalised electrons are 

those that are not directly 
associated with a single bond or 

atom and are found in unsaturated 
groups, such as the conjugated carbon 
ring system shown in Figure 1.

Delocalised electrons are contained in energy levels. These 
energy levels are discrete — they are only allowed to be certain 
values. Electrons can be promoted to a higher energy level by 
absorbing energy in the form of photons of electromagnetic 
radiation. The frequency of the photon relates to the amount of 
energy it provides the electron.

The electrons in the chromophore of a coloured pigment 
absorb photons with a frequency that puts them in the visible 
spectrum (Figure 2). When our eyes pick up the visible light 
photons their different frequencies correspond to different 
colours. The frequencies that are not absorbed by the pigment 
are the ones that are reflected back into our eyes and produce 
the colour that we see.

We see black when no wavelengths of visible light are picked 
up by our eyes. Eumelanin absorbs most of the frequencies of 
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Figure 1 The conjugated ring system of eumelanin 
(the polymer continues at R)

Figure 2 Photons of particular 
energies are absorbed by electrons. 
These energies correspond to 
particular wavelengths of lightLevel 1
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Human hair colour depends on the ratios of 
the pigments eumelanin and pheomelanin

Pheomelanin 
produces red hair

A lack of pigment produces blonde hair

A saliva test can determine whether someone carries one of the 
genes that cause red hair
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Go online (see back cover) for a printable PDF of this 
centre spread. Display it in class or use it for revision.
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