


Martha has an interesting question for
Hector the cat.

What are you made of? Amazingly,
most of your body is made of . . .
water! That's because most of the
cells in your body contain water. The
other main element to be found in
living things (such as plants and
animals) is carbon.



Water is made from the elements
hydrogen and oxygen. In other
words, nearly all of your body is made
of atoms of hydrogen, oxygen and
carbon. Small amounts of other
elements can be found in bones and
teeth.

There are about 100 elements in
nature, but the most common element
in the universe is hydrogen, which is
what stars are made of.



Atoms are very small. If you took an
atom of oxygen and made it 500
million times bigger it would be the
size of a tennis ball.

Note: atoms are not actually coloured.
In these diagrams we've used colours
so you can tell them apart: white for
hydrogen, red for oxygen and dark
grey or black for carbon.



The atoms of all the elements are
made up of smaller particles. These
are called protons, neutrons and
electrons. The electrons are much
smaller than the protons and neutrons.
So, we can say that most of the things
that exist in the universe – including
you – are made of these three
particles.



Hydrogen is the simplest element. The
white ball in this picture represents a
hydrogen atom. If we look more
closely we can see that it consists of a
single proton – its nucleus – and a
single electron orbiting it. The proton
has a positive electrical charge and the
electron has a negative electrical
charge, so the charges balance each
other out.



In the atoms of other elements, the
nucleus contains protons and
neutrons. Neutrons don't have an
electrical charge. The nucleus is
surrounded by a cloud of electrons in
different orbitals in different energy
levels. The total number of electrons
is always the same as the total number
of protons.



If an orbital has two electrons in it, it is
said to be filled. If it has only one it is
said to be half filled, as in the
hydrogen atom. If there are no
electrons the orbital is said to be
empty.



This picture shows a carbon atom. In a
carbon atom, there are six protons and
six neutrons in the nucleus and six
orbiting electrons, two in the first
energy level and four in the second
energy level.



When atoms combine they change
their electron orbitals to make
molecules. A molecule of hydrogen is
made of two atoms of hydrogen
bonded together by their electrons. We
can see that the orbital in the hydrogen
molecule is filled, because it contains
two electrons. In the picture the link
between the two atoms represents the
electron bond between them.



This picture shows an oxygen atom. In
the oxygen atom there are eight
electrons. Six of these orbit in the
second energy level. Two of the
orbitals are filled and two are half filled.
The electrons in the half filled orbitals
can be shared with other atoms to
make molecules.



For example, a molecule of water is
made up of an atom of oxygen bonded
to two atoms of hydrogen. The word
nuclei is the plural form of the word
nucleus. So we can say that the
oxygen atom has one nucleus and the
water molecule has a total of three
nuclei.



Sometimes, instead of sharing, some
atoms (such as sodium) give their
electrons away to other atoms when
they make molecules. When an atom
gives an electron away it is left with a
positive electrical charge. Atoms with
an electrical charge are called ions.
Na is the chemical symbol for sodium.
Na+

 is the symbol for the sodium ion.



The atoms receiving an extra electron
have a negative electrical charge and
so they also become ions. When the
chlorine atom gains an electron it
becomes a chloride ion.

Cl is the chemical symbol for chlorine.
Cl- is the symbol for the chloride ion.



Here's a molecule of salt, which we
know as sodium chloride. You
probably sometimes use salt to add
flavour to the food you eat. In
molecules made of ions the ions are
held together by electrical attraction.



In salt the electrical attraction holds the
ions together in crystals, such as the
ones you see in your salt cellar at
home.



Let's look at some other molecules.

Methane, or natural gas, is used in
some power stations. When the
methane burns the heat it produces
drives turbines which generate
electricity. A molecule of methane is a
carbon atom linked to four hydrogen
atoms.



When fossil fuels such as coal, oil or
natural gas are burnt, they produce
molecules of carbon dioxide. Each
molecule of carbon dioxide has a
carbon atom linked to two oxygen
atoms.



Let's make a molecule starting with a
carbon atom. Let's link it to another
carbon atom.

To one of the carbon atoms we'll also
attach three hydrogen atoms.



To the second carbon atom we'll
attach two hydrogen atoms and an
oxygen atom.



To the oxygen atom we'll attach
another hydrogen atom. What have we
made?

Answer: ethyl alcohol, which we find
in alcoholic drinks such as wine and
beer. Another name for ethyl alcohol is
ethanol.



This picture shows how the atoms are
arranged in an ethanol molecule.



Carbon is special among the elements.
Why? One reason is that in one form -
crystals of diamond - it's very hard. In
diamond crystals the carbon atoms are
arranged in a matrix pattern, shaped
like molecules of methane.



The other reason carbon is special is
that it's the only element that can form
long chains and rings of atoms. In a
molecule of benzene, which we find in
petrol, there are six carbon atoms
joined in a ring. A hydrogen atom is
attached to each carbon atom.



Do you remember Martha's question to
Hector the cat?

Maybe Hector's answer is partly
correct. Candyfloss is made of sugar,
which is made of . . . you've guessed it
. . . carbon, hydrogen and oxygen!



It's very important that carbon atoms
can form chains and rings. Most of the
molecules in your body which contain
carbon are made of chains or rings of
carbon atoms with other atoms
attached. Some of these molecules,
such as DNA,  contain thousands or
even millions of atoms. In other words,
without carbon chains and rings there
would be no life, and you would not
exist.



REVISION

These are models of molecules. Can
you remember their names?



Did you remember correctly? Well
done!



This is a model of the carbon atom
matrix in part of a crystal. What sort of
crystal?



You know the answer, don't you? Of
course you do . . . it's diamond!



The study of how atoms and
molecules react with each other is
called chemistry. You can see that
chemistry is really all about how atoms
and molecules change their electron
patterns. In the chemical reaction
above we see how two molecules of
hydrogen combine with one molecule
of oxygen to make two molecules of
water.

The chemistry of molecules which
mainly contain carbon is called
organic chemistry. The chemistry of
other molecules is called inorganic
chemistry.
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