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Are we made of 'stardust'?
Week 36

Of course, the human body is not made of dust; it comprises mainly water, proteins, fats and mineral
nutrients. These substances are in turn made up of chemical elements, or different 'atom types', which

are primarily hydrogen, oxygen, carbon and nitrogen. But where did these chemical elements come
from - how were they created?

The supernova remnant SNR 0543-689, in the Large Magellanic Cloud

The Greek philosopher Democritus, who was born in the 5th century BC, postulated that the whole of
the natural world is made up of small indivisible units — atoms. Their name is derived from the Greek
word for 'indivisible'. Today, we know that atoms are made up of smaller components and that they are
divisible. An atomic shell made of negatively charged electrons encircles a tiny nucleus, which
comprises positively charged protons and electrically neutral neutrons. The number of protons in the
nucleus determines which chemical element the atom is.

Around one second after the Big Bang, the cosmos was already filled with protons, neutrons and
electrons. They were in a sea of 'photons’, or radiation particles. This high-energy radiation initially
prevented the formation of hydrogen atoms from protons and electrons and heavier nuclei from
multiple protons and neutrons. It was only in the following minutes that the nuclei of the two lighter
elements helium (two protons) and lithium (three protons) were formed.
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Stars as the birthplace of chemical elements

Even today, the majority of matter in the cosmos exists in the form of hydrogen and helium. However,
without the variety of atom types that is shown in the periodic table of the elements, the existence of
planets and human life would not be possible. Surprisingly, most of the elements were formed inside
stars. In their interiors, hydrogen fuses to form helium and, in higher-mass stars, nuclear fusions of
this type also lead to the creation of carbon, oxygen and heavier elements, including iron. Elements
that are heavier than iron are formed when additional neutrons and protons become attached. For this
to happen, physical conditions such as those that occur only during supernova explosions and inside red
giant stars are necessary (see the astronomy question from week 27: How long will the Sun continue to
shine?).

Afterwards, supernovae and stellar winds distribute the newly formed elements into space in the form
of 'stardust'. If new star systems are later created from this dust, planets can also be formed from the
heavier elements that are now present. This is when life originated - at least on planet Earth.
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