
. 

4.4 Atomic structure Notes

Ionising radiation is hazardous but can be very useful. Although radioactivity was discovered over a 
century ago, it took many nuclear physicists several decades to understand the structure of atoms, 
nuclear forces and stability. Early researchers suffered from their exposure to ionising radiation. Rules 
for radiological protection were first introduced in the 1930s and subsequently improved. Today 
radioactive materials are widely used in medicine, industry, agriculture and electrical power generation

4.4.1 Atoms and isotopes 

4.4.1.1 The structure of an atom 

Content 

Atoms are very small, having a radius of about 1 x 10-10 metres. 

The basic structure of an atom is a positively charged nucleus 
composed of both protons and neutrons surrounded by negatively 
charged electrons. 

The radius of a nucleus is less than 1/10 000 of the radius of an atom. 
Most of the mass of an atom is concentrated in the nucleus. 

The electrons are arranged at different distances from the nucleus 
(different energy levels). The electron arrangements may change with the 
absorption of electromagnetic radiation (move further from the nucleus; 
a higher energy level) or by the emission of electromagnetic radiation 
(move closer to the nucleus; a lower energy level). 

4.4.1.2 Mass number, atomic number and isotopes 

Content 

I 

In an atom the number of electrons is equal to the number of protons in 
the nucleus. Atoms have no overall electrical charge. 

All atoms of a particular element have the same number of protons. The 
number of protons in an atom of an element is called its atomic number. 

The total number of protons and neutrons in an atom is called its mass 
number. 

Atoms can be represented as shown in this example: 

(Mass number) 23 

(Atomic number) 11 
Na 

Atoms of the same element can have different numbers of neutrons; 
these atoms are called isotopes of that element. 

Atoms turn into positive ions if they lose one or more outer electron(s). 

Students should be able to relate differences between isotopes to 
differences in conventional representations of their identities, charges 
and masses. 
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Additional notes 

from Dr C

You need to learn these 
numbers - radius and ratio of 
size.

The last paragraph means 
that when electrons absorb 
energy from light they jump 
up energy levels.  When the 
atoms release light they drop 
to a lower energy level.

Additional notes

This is all pretty 
straightforward.  You 
just need to know it, 
and you probably 
already do.

The definition of isotopes is 
a commonly asked 
question.  
This last statement sounds 
complicated but it just 
means knowing how to 
write isotopes e.g . 12

6C and 
14

6C are isotopes of 
carbon.  The second one will 
be heavier because it has 
more neutrons.
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4.4.1.3 The development of the model of the atom (common content with chemistry) 

Content Additional notes 

New experimental evidence may lead to a scientific model being 

changed or replaced. 

Before the discovery of the electron, atoms were thought to be tiny 
spheres that could not be divided. 

The discovery of the electron led to the plum pudding model of the 

atom. The plum pudding model suggested that the atom is a ball of 
positive charge with negative electrons embedded in it. 

The results from the alpha particle scattering experiment led to the 
conclusion that the mass of an atom was concentrated at the centre 
(nucleus) and that the nucleus was charged. This nuclear model 
replaced the plum pudding model. 

Niels Bohr adapted the nuclear model by suggesting that electrons orbit 
the nucleus at specific distances. The theoretical calculations of Bohr 
agreed with experimental observations. 

Later experiments led to the idea that the positive charge of any nucleus 
could be subdivided into a whole number of smaller particles, each 
particle having the same amount of positive charge. The name proton 

was given to these particles. 

The experimental work of James Chadwick provided the evidence to 
show the existence of neutrons within the nucleus. This was about 
20 years after the nucleus became an accepted scientific idea. 

Students should be able to describe: 

This historical context 
provides an opportunity 
for students to show an 
understanding of why and 
describe how scientific 
methods and theories 
develop over time. 

This basically means that 
scientists change the 
model they use if new 
evidence comes up that 
cannot be explained by 
the old model.  This is 
what has happened 
throughout history and 
still happens now.

The rest of this is just a
list of things you need to 
learn.  Learn them!

• why the new evidence from the scattering experiment led to a change

• in the atomic model

• the difference between the plum pudding model of the atom and the
nuclear model of the atom.

Details of experimental work supporting the Bohr model are not 
required. 

Details of Chadwick's experimental work are not required. 
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4.4.2 Atoms and nuclear radiation 

4.4.2.1 Radioactive decay and nuclear radiation 

Content 

ILots of good videos on the 
website about this.

A Becquerel is one decay per 
second.  So if something has 
an activity of 20 Bq then every 
second, on average, there will 
be 20 decays recorded by the 
counter.

The neutron radiation is a 
new thing for the specification 
and is very likely to be asked.  
It is also often not mentioned 
in the older revision material. 

You need to learn the nature 
of each type of radiation as 
listed here.  Again, this is a 
really handy list of what it is 
that you are actually expected 
to know.

Some atomic nuclei are unstable. The nucleus gives out radiation as 
it changes to become more stable. This is a random process called 
radioactive decay. 

Activity is the rate at which a source of unstable nuclei decays. 

Activity is measured in becquerel (Bq) 

Count-rate is the number of decays recorded each second by a detector 
(eg Geiger-Muller tube). 

The nuclear radiation emitted may be: 

• an alpha particle (a) - this consists of two neutrons and two protons,
it is the same as a helium nucleus

• a beta particle (/J) - a high speed electron ejected from the nucleus as
a neutron turns into a proton

• a gamma ray (y) - electromagnetic radiation from the nucleus

• a neutron (n).

Required knowledge of the properties of alpha particles, beta particles 
and gamma rays is limited to their penetration through materials, their 
range in air and ionising power. 

Students should be able to apply their knowledge to the uses of 
radiation and evaluate the best sources of radiation to use in a given 
situation. 
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4.4.2.2 Nuclear equations 

Content Additional notes

When an alpha or beta 
particle is released it means 
that a bit of the nucleus has 
come off and been emitted.  
This means that the nucleus 
itself has changed therefore 
the atom has changed into a 
different sort of atom.  Both 
alpha and beta particles 
have mass and charge so 
the mass and charge of the 
nucleus may change.

To write these nuclear 
equations is quite easy.  You 
just have to make sure that 
all the top numbers on the 
left hand side add up to the 
top numbers on the right 
hand side.  The same 
applies to the numbers at the 
bottom.  It is just simple 
arithmetic.

Because gamma ray is just 
energy, the nucleus doesn't 
change when it is emitted, it 
just calms down a bit and 
becomes more stable.

Nuclear equations are used to represent radioactive decay. 

In a nuclear equation an alpha particle may be represented by the 
symbol: 

4 

2 He 

and a beta particle by the symbol: 

The emission of the different types of nuclear radiation may cause a 
change in the mass and /or the charge of the nucleus. For example: 

219 
86 radon 

215 . 4 
--• 84 polonium + 2 He 

So alpha decay causes both the mass and charge of the nucleus to 
decrease. 

14 
6 carbon .. 14 "t 

0 
7 n1 rogen + _1 e 

So beta decay does not cause the mass of the nucleus to change but 
does cause the charge of the nucleus to increase. 

Students are not required to recall these two examples. 

Students should be able to use the names and symbols of common 
nuclei and particles to write balanced equations that show single alpha 
(a) and beta (/J) decay. This is limited to balancing the atomic numbers 
and mass numbers. The identification of daughter elements from such 
decays is not required. 

The emission of a gamma ray does not cause the mass or the charge of 
the nucleus to change. 
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4.4.2.3 Half-lives and the random nature of radioactive decay 

Content Additional notes

The definition of half life is 
important and everything 
else follows from that.  

You should be able to find 
the half life by drawing 
lines on the graph or by 
calculation.  Examples 
available on the website. 

Radioactive decay is random. 

The half-life of a radioactive isotope is the time it takes for the number 
of nuclei of the isotope in a sample to halve, or the time it takes for the 
count rate (or activity) from a sample containing the isotope to fall to half 

its initial level. 

Students should be able to explain the concept of half-life and how it is 
related to the random nature of radioactive decay. 

Students should be able to determine the half-life of a radioactive 
isotope from given information. 

(HT only) Students should be able to calculate the net decline, 
expressed as a ratio, in a radioactive emission after a given number of 
half-lives. 

4.4.2.4 Radioactive contamination 

Content 
I Additional notes

Things contaminated with 
atoms with a short half life are 
more dangerous in the short 
term because they are more 
active.  However, atoms with 
a long half life remain a 
problem for a much longer 
period of time.

Precautions mainly include 
staying away from it and 
putting it in lead lined 
containers.
Peer review is an essential 
part of scientific progress.  
Excellent video on website.  
Watch it, they love asking 
questions about this sort of 
thing.

Radioactive contamination is the unwanted presence of materials 
containing radioactive atoms on other materials. The hazard from 
contamination is due to the decay of the contaminating atoms. The type 
of radiation emitted affects the level of hazard. 

Irradiation is the process of exposing an object to nuclear radiation. The 
irradiated object does not become radioactive. 

Students should be able to compare the hazards associated with 
contamination and irradiation. 

Suitable precautions must be taken to protect against any hazard that 

the radioactive source used in the process of irradiation may present. 

Students should understand that it is important for the findings of 
studies into the effects of radiation on humans to be published and 
shared with other scientists so that the findings can be checked by peer 
review. 
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4.4.3 Hazards and uses of radioactive emissions and of background 
radiation (physics only) 

4.4.3.1 Background radiation 

Content I Additional note

sYou need to know that there is 
nothing you can do about 
background radiation, but it 
doesn't do you any harm - you 
are used to it!

Some jobs mean you are exposed 
to more radiation e.g. airline pilot 
gets more cosmic rays - you 
aren't allowed to do it if you are 
pregnant!

Background radiation is around us all of the time. It comes from: 

• natural sources such as rocks and cosmic rays from space

• man-made sources such as the fallout from nuclear weapons testing
and nuclear accidents.

The level of background radiation and radiation dose may be affected by 
occupation and/or location. 

Radiation dose is measured in sieverts (Sv) 

1000 millisieverts (mSv) = 1 sievert (Sv) 

Students will not need to recall the unit of radiation dose. 

4.4.3.2 Different half-lives of radioactive isotopes 

Content 
I Additional notes

Radioactive isotopes have a very wide range of half-life values. 

Students should be able to explain why the hazards associated with 
radioactive material differ according to the half-life involved. 

4.4.3.3 Uses of nuclear radiation 

Content 

Nuclear radiations are used in medicine for the: 

• exploration of internal organs

• control or destruction of unwanted tissue.

Students should be able to: 

These range from 10-9 
secs to billions of years..  
Atoms with short half 
life are more dangerous 
in the short term 
because they decay 
more quickly. 

You need to know 
about tracers, which are 
injected into you and 
that you want 
something with a short, 
but not too short half life 
e.g. six hours would be 
good.

As with all these things, 
the benefit must be 
worth risk before 
injecting radioactive 
material into people.Key 

dsdA

• describe and evaluate the uses of nuclear radiations for exploration of 
internal organs, and for control or destruction of unwanted tissue 

• evaluate the perceived risks of using nuclear radiations in relation to
given data and consequences.
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4.4.4 Nuclear fission and fusion (physics only) 

4.4.4.1 Nuclear fission 

Content I Additional notes 

The spec says it all really.  
You need to be able to draw 
the chain reaction diagram.  It 
is important to know the 
difference between a nuclear 
reactor and a bomb which is 
all about control.  In a nuclear 
reactor there are control rods 
that absorb extra neutrons to 
stop things getting out of 
control.  With a bomb, out of 
control is what you are looking 
for.

The hardest thing here is to 
not confuse fission and fusion.

Nuclear fission is the splitting of a large and unstable nucleus (eg 
uranium or plutonium). 

Spontaneous fission is rare. Usually, for fission to occur the unstable 
nucleus must first absorb a neutron. 

The nucleus undergoing fission splits into two smaller nuclei, roughly 
equal in size, and emits two or three neutrons plus gamma rays. Energy 
is released by the fission reaction. 

All of the fission products have kinetic energy. 

The neutrons may go on to start a chain reaction. 

The chain reaction is controlled in a nuclear reactor to control the energy 
released. The explosion caused by a nuclear weapon is caused by an 
uncontrolled chain reaction. 

Students should be able to draw/interpret diagrams representing nuclear 
fission and how a chain reaction may occur. 

4.4.4.2 Nuclear fusion 

Content 

Nuclear fusion is the joining of two light nuclei to form a heavier nucleus. 
In this process some of the mass may be converted into the energy of 
radiation. 
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Additional notes 

This is all you need to know 
about this.  It is how stars 
release energy when 
hydrogen atoms fuse to 
make helium.




