
Atoms are made up of three particles.
• Proton: relative mass 1, relative charge +1
• Neutron: relative mass 1, relative charge 0
• Electron: relative mass 1

1840 , relative charge -1

Atomic number: number of protons
Atoms of the same element have the same number of protons.
Mass number: sum of protons and neutrons
Atoms of the same element can have different numbers of 
neutrons. These are called isotopes.

Radioactive isotopes 
Some isotopes are unstable. These are usually heavy nuclei, like 
those of uranium and plutonium. The nuclei of radioactive isotopes 
spontaneously disintegrate and can emit:
• alpha (α) particles – positively charged helium nuclei, mass of

four units, stopped by a piece of paper, strongly ionising
• beta (β) particles – negatively charged electrons, negligible

mass, stopped by 0.5 cm of aluminium
• gamma (γ) radiation – very high energy electromagnetic

radiation, > 2cm of lead required to stop it, weakly ionising.
This process is called radioactive decay.

The behaviour of radioactive radiation in an electric field

α-particles are positive, heavy and slow moving 
and are attracted slightly to the negative plate 
of an electric field. 
β-particles are light and fast moving and show 
considerable deviation towards the positive 
plate of an electric field.
γ-radiation is electromagnetic radiation of short 
wavelength and is unaffected by an electric 
field.

Equations
Alpha decay (α)

A helium nucleus is produced during this decay, so the atomic 
number of the original element decreases by two, forming a 
different element (the ‘daughter’ isotope is two places to the left in 
the Periodic Table) and the mass number decreases by four.

Beta decay (β)
A neutron in the nucleus changes into a proton and a negatively 
charged electron is emitted. The atomic number of the original 
element increases by one, forming a different element (the 
‘daughter’ isotope is one place to the right in the Periodic Table) 
and has the same mass number.

1. Atomic structure

2. Nature of radioactive decay

Positron emission (β+ decay)
A proton in the nucleus changes into a neutron and a positively 
charged positron is emitted. The atomic number of the original 
element decreases by one, forming a different element (the 
‘daughter’ isotope is one place to the left in the Periodic Table) and 
has the same mass number.

Electron capture (inverse β decay)

An electron from the closest energy level falls into the nucleus (is 
‘captured’) which causes a proton to change into a neutron emitting 
an electron neutrino. The atomic number of the original element 
decreases by one, forming a different element (the ‘daughter’ 
isotope is one place to the left in the Periodic Table) and has the 
same mass number.

Gamma emission (γ)
High energy is released which causes the energy of the nucleus to 
decrease. There are no new products formed.

Half-life of radioactive decay
The rate at which a radioactive isotope decays cannot be increased 
or decreased and is proportional to the number of radioactive 
atoms present.
The half-life of a radioisotope is: 
• the time taken for its radioactivity to fall to half of its initial value

OR
the time taken for half the atoms in a radioactive isotope to
decay (it is independent of the mass of the radioisotope)

• the half-life is characteristic of each radioisotope and
unaffected by catalysts or changes in temperature.
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Half-life calculations

Calculation type 1 – finding the time taken for the radioactivity of a 
sample to fall to a certain fraction of its initial value: 
e.g. Ra-226 has a half-life of 1600 years.
How many years will it take to decay to  1

16
  of its original value?
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Four half-lives so 4 × 1600  6400 years

Calculation type 2 – finding the mass of a radioactive isotope 
remaining after a certain length of time given the initial mass:
e.g. Ra-226 has a half-life of 1600 years.
If the initial mass of Ra-226 was 20.0g, what mass would be 
remaining after 4800 years?

4800
1600

  = 3 half-lives

20.0 10.0 5.0 2.5
The mass halves three times  2.5 g remains.

Radioactive emissions
Penetrating power/danger
The penetrating power of the different types of radiation does not 
give an accurate indication of their danger. It also depends on 
whether the source is outside or inside the body.
Source outside the body:
• gamma radiation is likely to be the most hazardous
• alpha radiation is likely to be the least harmful as it cannot

penetrate the skin.
Source inside the body:
• alpha-emitting isotopes if ingested are far more dangerous than

equivalent beta- or gamma-emitting isotopes.
Effects
Ionising radiation can damage the DNA of a cell. Damage to the 
DNA may lead to changes in the way the cell functions, which can 
cause mutations and the formation of cancerous cells at lower 
doses or cell death at higher doses. Exposure to high levels of 
radiation can cause radiation burns and death.  
Beneficial uses of radioactivity
• Treatment of cancer – radiotherapy using gamma radiation

from cobalt-60.
• Tracer – taken up by the tissue to be studied e.g.

techtinium-99.
• Calculating age of plant and animal remains – carbon-14 (half-

life 5570 years).
• Estimating geological age of rocks – potassium-40 (half-life

1300 million years).
• Production of electricity – nuclear power stations: uranium-235,

plutonium-239.
• Measuring the thickness of metal foil.
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