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Description

Radioisotopes, also known as radioactive isotopes, are atoms with
unstable nuclei that undergo radioactive decay, emitting radiation in
the process. These unique isotopes have proven to be invaluable in a
wide range of applications, from medical diagnostics and cancer
treatment to industrial processes. Radioisotopes are elemental
radioactive isotopes. They are atoms with an unstable neutron-proton
combination or surplus energy in their nucleus. The surplus energy can
be used in any of the processes described above, and the radionuclide
is said to undergo radioactive decay.

Radioactive decay is a feature of both naturally occurring elements
and man-made isotopes of elements. The rate of decay of a radioactive
element is expressed in terms of its half-life, which is the amount of
time required for one-half of any given quantity of the isotope to
decay radioactive isotope definition, radioisotopes, half-life, and
radioactive decay, and several applications of radioactive isotopes.

Radioisotopes possess unstable nuclei that spontaneously emit
radiation in the form of alpha particles, beta particles, or gamma rays.
Radioisotopes decay over time, transforming into different elements or
isotopes through processes such as alpha decay, beta decay, or gamma
decay.

Properties of radioisotopes

Half-life: Each radioisotope has a unique half-life, which is the
time required for half of its atoms to decay into a more stable form.

Energy emission: Radioisotopes release energy in the form of
radiation during decay, which can be harnessed for various
applications.
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Decay modes: Different radioisotopes exhibit specific decay modes,
such as alpha, beta, or gamma decay, each accompanied by distinct
types of radiation emission.

Production of radioisotopes

Natural radioisotopes: Some radioisotopes exist naturally in the
environment, such as uranium-238 and potassium-40, which decay
over long periods.

Artificial radioisotopes: Many radioisotopes are artificially produced
through nuclear reactions using particle accelerators or nuclear
reactors.

Methods of radioisotope production

Neutron activation: Neutron activation involves bombarding stable
isotopes with neutrons to induce a nuclear reaction, resulting in the
production of radioisotopes.

Cyclotron and accelerator production: Particle accelerators, such
as cyclotrons, accelerate charged particles to high speeds colliding
them with target materials to create radioisotopes.

Radioisotope generators: Some radioisotopes, like technetium-99m,
are produced by radioisotope generators, where a parent isotope decays
into a daughter isotope that can be extracted for medical use.

Isotope separation and purification

Radiochemical methods: Radiochemical techniques, such as solvent
extraction or precipitation, are used to separate and purify desired
radioisotopes from irradiated materials.

Chromatography: Chromatographic methods, including ion exchange
chromatography and gel filtration, are employed to separate
radioisotopes based on their chemical properties and charge.

Applications of radioisotopes

Diagnostic imaging: Radioisotopes, such as technetium-99m and
iodine-131, are widely used in medical imaging techniques like
Single-Photon Emission Computed Tomography (SPECT) and
Positron Emission Tomography (PET) scans for diagnosing various
conditions and diseases.

Cancer treatment: Radioactive isotopes, such as cobalt-60 and
iodine-131, are used in radiation therapy to target and destroy cancer
cells, either externally or through internal radiation therapy
(brachytherapy).

Nuclear medicine: Radioisotopes are employed in nuclear medicine
procedures, such as thyroid scans, bone scans, and cardiac stress tests,
to assess organ function.
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