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>>"OHR SUGGESTED

THAT THE ELECTRONS OF
THE ATOM CANNOT BE
JUST ANYWHERE 4HEY
ONLY HAVE CERTAIN
AMOUNTS OF ENERGY AND
CAN ONLY BE FOUND AT
CERTAIN DISTANCES FROM
THE NUCLEUS %LECTRONS
TRAVEL AROUND THE
NUCLEUS AT HIGH SPEED
TRACING OUT CIRCULAR
PATHS CALLED orbits
%XTRAORDINARILY UNLIKE
NORMAL SIZED OBJECTS
THEY DO NOT USE UP
ANY ENERGY AS THEY
MOVE AND SO THEY DO
NOT GET PULLED INTO THE
NUCLEUS DESPITE THE
ELECTROSTATIC ATTRACTION
BETWEEN THE ELECTRONS
AND THE NUCLEUS 4HIS
ATTRACTION HOWEVER
IS THE REASON THAT THE
FAST MOVING ELECTRONS
STAY ORBITING THE
NUCLEUS INSTEAD OF
mYING AWAY
4HE IDEA THAT
PARTICLES ON THE ATOMIC
SCALE COULD BEHAVE
DIFFERENTLY FROM
NORMAL SIZED OBJECTS
WAS CONSIDERED TO
BE VERY RADICAL AT THE
TIME )T WAS A HUGE
LEAP IN THINKING "UT
"OHR ARGUED THAT THIS
WAS THE ONLY WAY
IN WHICH YOU COULD
EXPLAIN THE SPECTRA OF
THE ELEMENTS AND OTHER
EVIDENCE
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01 Back to basics

Electron shells
Bohr proposed that electrons that have the same energy are at the same distance from the nucleus.
The more energy the electron possesses, the further the energy orbit can be from the nucleus. This
means that the atom is made up of a set of possible energy levels, which Bohr called electron shells.
Electrons with the least amount of energy occupy the shell closest to the nucleus, electrons with the
next highest amount of energy occupy the next shell and so on.
Interestingly, the further they are from the nucleus, the closer the electron shells are to one another.
Electron shells are numbered from the nucleus outwards, with the one closest to the nucleus being
shell number 1, the next shell is number 2 and so on (Figure 1.6).

The single electron is
located in the lowest
energy shell closest
to the nucleus.

Theoretically there is an
infinite number of shells,
which get closer and
closer together, to the
outside of the atom.
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The positive material
is concentrated in
the nucleus and is
responsible for most
of the weight of
the atom.

Key: n = number of shell

Figure 1.6 The Bohr model of the hydrogen atom, the simplest atom of all

2ULES
Bohr said that unless you give an atom extra energy by heating it or shining light on it, the electrons will
always be located at the lowest possible energy levels. However, each shell has a limit to how many
electrons it can take. These limits are shown in Table 1.2.

Table 1.2 The maximum possible number of electrons in the first five electron shells
Shell number n (from nucleus
outwards)

Maximum number of electrons

1

2

2

8

3

18

4

32

5

50

	
  

There is also one further restriction: the shell furthest from the nucleus that contains any electrons,
which we describe as the outermost occupied shell, can never have more than 8 electrons. (The reason
for this only becomes clear when you study the Schrödinger model of the atom in senior chemistry.)
The outermost occupied shell determines the volume of the atom. Although it is hard to believe
when you touch substances such as steel, atoms are almost entirely empty space. This is because
the electrons and nuclei of the atom are minute compared with the space traced out by the moving
electrons. This is rather like an electric fan. The blades appear to take up far more space than they
really do, due to their very rapid movement.

Electron configuration

>>skillbox<<

Now that you have learned the rules for the location of electrons in the Bohr model of the
atom, you can deduce the electron arrangement of the first 20 elements.

Example 1 Carbon
From the Periodic Table on the inside front cover of this book, you can see that carbon is
element number 6. This tells us that it has 6 protons in its nucleus.
In the uncharged atom, there must be one electron for each proton, because the total
positive charge must equal the total negative charge, so we have 6 electrons to locate.
These electrons must be placed in the lowest energy levels possible. From Table 1.2,
we see that the first 2 electrons can fit in shell number 1, the shell with the lowest energy.
This leaves 4 electrons. These can all fit into the next shell. Figure 1.7 demonstrates how we
show the electron arrangement. (This is also termed the electron configuration.)

Commas are used to separate the shells.
This shows there
are 2 electrons in
the first shell.

2,4

BLM 1.4 Bohr explains
spectra

>>)F YOU WERE

TO REMOVE ALL THE
ELECTRONS FROM THE
ATOMS THAT MAKE UP
THE 3YDNEY /PERA
(OUSE SO THAT YOU
WERE LEFT WITH JUST
THEIR NUCLEI THE /PERA
(OUSE WOULD BE ABOUT
THE SIZE OF A DIE
(OWEVER YOU WOULD
NEVER BE ABLE TO PICK
IT UP BECAUSE THIS DIE
WOULD BE ALMOST AS
HEAVY AS THE /PERA
(OUSE ITSELF

6p

This shows there
are 4 electrons in
the second shell.

Figure 1.7 The electron arrangement of carbon

Figure 1.8 A model of the carbon atom

Figure 1.8 shows how we model the carbon atom. Notice that, for convenience, we write
the number of protons in the nucleus; we do not attempt to draw the particles in the nucleus.
For the same reason, we generally only show the occupied electron shells.

Figure 1.9 The
Sydney Opera
House could be
this big?
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