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A wide range of compounds are responsible for 
the colours of the autumnal landscape, from 
chlorophyll to anthocyanins.

Green
Chlorophyll is a photosynthetic pigment that allows 
organisms to harness light energy and convert it into 
chemical energy in the form of carbohydrates. It is 
actually a mixture of compounds, with chlorophyll 
a and chlorophyll b being the dominant forms. Both 
forms have magnesium at their heart. Chlorophyll 
a absorbs light in the blue-violet region of the visible 
spectrum, while chlorophyll b absorbs red and blue 
light (Figure 1). Both chlorophylls reflect green 
wavelengths, hence the green appearance of leaves.

Yellow
Colder temperatures mean slower reactions. Less light 
means less energy is captured. So when winter arrives, 
plants cease to produce chlorophyll to save energy, 

Autumn colours
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Figure 1 Absorption spectra of leaf pigments

Autumn is synonymous with warm orange and red tones sweeping 
across the countryside. Joseph Lloyd looks at the wide range of 
compounds and chemistry behind these spectacular changes.
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Questions
1 What could be the consequences of magnesium 

deficiency in a plant?
2 What similarities can you identify between 

chlorophyll and haem, the active molecule in 
haemoglobin?

and existing molecules degrade. Leaves appear to turn 
yellow as xanthophyll molecules are exposed to light 
and absorb high-energy wavelengths of visible light 
(blue and violet).

Xanthophylls are actually present all year round 
in leaves, where they act as quenching agents. High 
light levels produce excessive levels of triplet chlorophyll 
(an excited form of chlorophyll), which can lead to 
oxidative damage to the plant. Xanthophyll species 
such as zeaxanthin bind to specific plant proteins 
and modulate the yield of dangerous excited states, 
therefore protecting the plant from over-excitation.

Orange and red
Yellow leaves are a problem for plants, as they attract 
aphids and other parasites. But plants have acquired a 
chemical defence mechanism over time. Carotenoids 
and anthocyanins are responsible for the warm 
orange and red colours that autumn is known for. Like 
xanthophylls, orange carotenoids are present in leaves 
all year round. Red anthocyanins, on the other hand, 
are synthesised under specific conditions and only by 
certain trees.

While the role of anthocyanins is debated, it is 
believed that they protect leaves from excess sunlight 
in a similar way to xanthophylls. Sunnier, drier 
summers result in more sugars in tree sap.

Anthocyanins are also thought to be released as a 
final effort by the tree to recover as much energy as it 
can. This is why sunnier summers will lead to more 
red foliage, whereas a dull, cloudy summer will give 
less vibrant hues. 

Autumn fall
So why do some trees lose their leaves? To survive the 
winter, trees will look to preserve their sugar levels, 
and keeping leaves alive in colder climates costs a lot of 
energy. The fall in chlorophyll levels in autumn is also 

accompanied by a change in the levels of hormones 
within a tree. 

Two hormones play a key role in abscission (the loss 
of leaves) in particular: ethene (ethylene) and auxins. 
Ethene decreases leaf growth and promotes abscission. 
Its synthesis increases as light levels decrease. Auxins 
regulate cell growth and are produced by green, healthy 
leaves. A decrease in chlorophyll levels is accompanied 
by a decrease in auxin production. Once the tree stops 
receiving this chemical signal from leaves, abscission 
begins.

These hormonal signals mean the tree stops 
sending nutrients to the leaves. The petiole (the stalk 
that attaches the blade of the leaf to the stem) begins 
to degrade in what is known as the abscission zone. 
Most cell components then disassemble readily, but 
cellulose, the major component of plants’ cell walls, 
is more resilient. Trees employ cellulase, which is a 
specific class of glycosidase enzyme that breaks down 
glycosidic bonds in cellulose. With this, leaves can fall 
from the trees, completing the process that allows trees 
to survive the winter.

Check your answers at 
www.hoddereducation.co.uk/chemistryreviewextras

OH

HO

O+HO

O

O
OH

OH
Sugar

A red 
anthocyanin Beta-carotene, an 

orange carotenoid
Zeaxanthin, a yellow 
xanthophyll carotenoid

http://www.hoddereducation.co.uk/chemistryreview
www.hoddereducation.co.uk/magazines
mailto:magazines%40philipallan.co.uk?subject=Chemistry%20e-review

