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Nuclear Reactions

Sources of Radioactive Nuclides

A chemical reaction written in the form

∆Η++→+ DCBA

Nuclear reactions are usually written by using an abbreviated convention
QbBaA ++→+

A nuclear reaction written in the form

BbaA ),(
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Nuclear Reactions

Nuclear reactions  obey four conservation laws:
•Conservation of nucleons A
•Conservation of Charge Z
•Conservation of Mass-Energy E
•Conservation of Momentum  p

The first two conservation law may be considered in our chemical
reaction analogy as the balancing of the reaction

Sources of Radioactive Nuclides
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Nuclear Reactions
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Types of Reaction

1. Neutron Reactions
-Neutron capture
-Transmutation
-Fission

2. Charged Particle Reactions

3. Electron and Photon Reactions

Sources of Radioactive Nuclides
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Types of Reaction

Neutron Reactions
-Neutron capture: 

Most of common neutron activation reaction is neutron capture in which 
a low-energy neutron is absorbed by a nucleus with the prompt emission
of a gamma ray

In the example above, the product isotope which is unstable with respect 
to beta-decay
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Types of Reaction

Neutron Reactions
-Transmutation
Examples:

Sources of Radioactive Nuclides
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Types of Reaction

Neutron Reactions
-Fission

• The fission process involves the absorption of a neutron into the very 
heaviest elements (Z 90)

• Results in the splitting of the nucleus into two large fragments

• Release of two to three neutrons

• This process lead to a chain reaction

Sources of Radioactive Nuclides
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Types of Reaction

Charged Particle Reactions

Charged particle reactions differ from neutron reactions primarily in the a 
charged particle approaching a target nucleus:

• Proton reactions –

• Deuteron reaction -

Sources of Radioactive Nuclides
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Types of Reaction (electrons & photon)

• For electrons and photons with energies below the neutron binding 
energies inelastic scattering may result in the creation of metastable
isomers:

• With energies above the neutron binding energies electrons and photons 
can induce photonuclear reactions with the emission of neutrons or other 
particles:

Sources of Radioactive Nuclides
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Naturally Occurring

• Isotopes, stable and radioactive, of elements from He to Bi 
slowing formed by stellar (thermonuclear) burning

• Heavier Z nuclides quickly produced by exploding stars 
(supernovas): from Po to Md,  all radioactive

• Light Z radionuclides made in earth’s atmosphere by cosmic 
rays: 3H, 7Be, 10Be, 14C, 22Na, 36Cl, 39Ar

Sources of Radioactive Nuclides
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Naturally Occurring (4n)

Sources of Radioactive Nuclides
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Naturally Occurring (4n + 1)

Sources of Radioactive Nuclides
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Naturally Occurring (4n + 2)

Sources of Radioactive Nuclides
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Naturally Occurring (4n + 3)

Sources of Radioactive Nuclides
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Sources of Radioactive Nuclides
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Naturally Occurring (In addition to the four decay series )

Sources of Radioactive Nuclides
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Nuclear Reactors

• Most common reaction is neutron activation reaction

• Usually several radioisotopes produced unless target is 
monoisotopic

• Negatron emitters are usual products

• Length of irradiation and neutron flux affect which 
radionuclides formed

Sources of Radioactive Nuclides
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Radioactive Waste

• Many sources, all manmade: U mill tailings, phosphate 
production, and coal power plan

• Types of radionuclides present varied:
• Fission products: Sr-90, Tc-99, Eu-152
• Activation products: H-3, C-14, Co-60
• Concentrated primordial: Ra-226, Rn-222

Sources of Radioactive Nuclides
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Particle Accelerators

• Types: linear and Van Der Graaff accelerators, cyclotron, 
synchrotron

• Bombarding particles usually small, positive ions: proton, 
2H+1, 3H+1, 3He+1, alpha

• Mostly neutron deficient isotopes produced: EC decay or 
positron

Sources of Radioactive Nuclides
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Naturally Occurring

• Isotopes, stable and radioactive, of elements from He to Bi 
slowing formed by stellar (thermonuclear) burning

• Heavier Z nuclides quickly produced by exploding stars 
(supernovas): from Po to Md,  all radioactive

• Light Z radionuclides made in earth’s atmosphere by cosmic 
rays: 3H, 7Be, 10Be, 14C, 22Na, 36Cl, 39Ar

Sources of Radioactive Nuclides
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Naturally Occurring

• Isotopes, stable and radioactive, of elements from He to Bi 
slowing formed by stellar (thermonuclear) burning

• Heavier Z nuclides quickly produced by exploding stars 
(supernovas): from Po to Md,  all radioactive

• Light Z radionuclides made in earth’s atmosphere by cosmic 
rays: 3H, 7Be, 10Be, 14C, 22Na, 36Cl, 39Ar
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Modes of Radioactive Decay


