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molecules, crystals or
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particles can include
nuclei or photons.
Electromagnetic
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photons.
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example, carbon-12 has
6 protons and 6
neutrons; carbon-14 has
6 protons and 8
neutrons. Isotopes are
symbolized by writing
the mass number in
superscript on the left
side of the chemical
element symbol.
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together in a hadron) are
color-charged particles.
Similar to electrically-
charged particles which
interact by exchanging
photons in
electromagnetic
interactions, color-
charged particles
exchange gluons in
strong force
interactions.
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with the structure of the
atomic nucleus and the
radiation from unstable
nuclei. About 10,000
times smaller than the
atom, the constituent
particles of the nucleus,
protons and neutrons,
attract one another so
strongly by the nuclear
forces that nuclear
energies are
approximately
1,000,000 times larger
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than typical atomic
energies.
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specifies Z.
Consequently,
\(_6^{12} C\) is more
often written as 12 C,
which is read as
“carbon-12.”
Nevertheless, the value
of Z is commonly
included in the notation
for nuclear reactions
because these reactions
involve changes in Z.
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In the physical sciences,
subatomic particles are
smaller than atoms.
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particles, such as the
neutron and proton; or
elementary particles,
which according to the
standard model are not
made of other particles.
Particle physics and
nuclear physics study
these particles and how
they interact. The
concept of a subatomic
particle was refined
when experiments
showed that light could
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behave like a stream of
particles as well as
exhibiting wave-like
properties. This led to
the conc
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