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Neon Freezing Point

Introduction: The
Hidden Chill of Neon

When we think of neon, images of
glowing signs and vibrant lights
typically come to mind. This noble gas
is famous for its dazzling red glow in
advertising displays, but its scientific
personality is far quieter—and far
colder. While the light from neon

tubes is energetic and warm in
appearance, the substance itself
exists in a state of extreme cold long
before it ever becomes solid. The
neon freezing point is one of the
lowest among all elements, sitting at
a frigid 24.56 Kelvin (-248.59°C or
—415.46°F). Understanding this
property not only reveals fundamental
aspects of atomic behavior but also
opens doors to advanced technologies
in cryogenics, space exploration, and
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quantum research. In this article, we
will explore the freezing point of neon
in depth, covering its scientific basis,
how it compares to other elements,
the tricky process of turning neon into
a solid, and why this extreme cold
matters in the real world.

The freezing point of neon is not just a
number in a textbook—it is a gateway
to understanding weak intermolecular
forces, phase transitions, and the
behavior of matter at the very edge of
cold. By the end of this
comprehensive guide, you will have a
clear picture of why neon freezes
where it does, how scientists harness
that property, and what makes this

noble gas so remarkable from a
thermodynamic perspective.

What Is Neon? A Quick
Overview

Neon is a chemical element with the
symbol Ne and atomic number 10. It
belongs to the family of noble gases,
which also includes helium, argon,
krypton, xenon, and radon. Noble
gases are characterized by their full
outer electron shells, making them
chemically inert under most
conditions—they rarely form
compounds. Neon was discovered in
1898 by British chemists Sir William



Ramsay and Morris Tra\'/\!ﬁg,n\ﬁﬁgezi@%%i'b%int.

isolated it from liquefied air. Its name
comes from the Greek word neos,
meaning “new.”

On Earth, neon is relatively rare in the
atmosphere—only about 1 part in
55,000. It is extracted through air
liquefaction and fractional distillation.
Because of its inertness, neon is safe
to handle, and its most famous use is
in gas-discharge lamps. When an
electric current passes through neon
gas at low pressure, it emits a bright
reddish-orange glow. But beyond its
visual appeal, neon is also a critical
refrigerant in cryogenics, often used
at temperatures approaching its

The atomic mass of neon is 20.18
g/mol, and it exists as a monatomic
gas at standard temperature and
pressure. Its boiling point is 27.07 K
(—246.08°C), just a few degrees
above its freezing point. This narrow
liquid range—only about 2.5
Kelvin—makes neon a fascinating
substance to study in phase transition
experiments.

Understanding the
Freezing Point of Neon

The freezing point of neon is the
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temperature at which liquid neon
turns into a solid under a given
pressure. At standard atmospheric
pressure (1 atm = 101.325 kPa), neon
freezes at exactly 24.56 K. This is one
of the lowest freezing points of any
element, surpassed only by helium
(which does not freeze at atmospheric
pressure without extreme pressure)
and hydrogen (which freezes at 14 K).
Among noble gases, neon holds the
second-lowest freezing point after
helium.

To put this temperature into
perspective, consider that the surface
of Pluto can dip to around 40 K, and
interstellar space is about 2.7 K. Neon

freezes at a temperature that is just a
little warmer than the cosmic
microwave background radiation. At
24.56 K, all molecular motion except
residual quantum zero-point
vibrations essentially ceases. Neon
atoms, which fly around freely as a
gas at room temperature, lock into a
face-centered cubic crystal lattice
when frozen.

The freezing point is intimately linked
to the melting point—the reverse
process—and the two are identical at
a given pressure. For neon, the
melting temperature (solid to liquid) is
the same 24.56 K at 1 atm. However,
if the pressure is increased, the
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higher pressure forces the atoms
closer together, requiring more
thermal energy to break the solid
structure. The phase diagram of neon
shows that its solid-liquid equilibrium
line slopes upward as pressure
increases, which is typical for most
substances.

Comparison with Other
Noble Gases

To appreciate how low the neon
freezing point really is, compare it
with its noble gas cousins:

¢ Helium (He): Does not freeze
at atmospheric pressure even at

effects; requires at least 25
atmospheres to solidify at

around 1 K.

* Neon (Ne): Freezes at 24.56 K
at 1 atm.

e Argon (Ar): Freezes at 83.8 K
(—189.3°C).

e Krypton (Kr): Freezes at 115.8
K (=157.4°C).

e Xenon (Xe): Freezes at 161.4 K
(—111.8°C).

e Radon (Rn): Freezes at 202 K
(=71°C).

The trend is clear: as atomic mass and
number increase down the group,
freezing points rise. This is because
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%”a noble gases have more
electrons, leading to stronger

temporary dipoles (London dispersion
forces) that hold the atoms together
more tightly. Neon, being light and
compact, has very weak van der
Waals interactions, so it takes
extremely low temperatures to
overcome the kinetic energy and
allow the atoms to settle into a solid
arrangement.

The Phase Transitions
of Neon: From Gas to

Neon undergoes three primary
phases: gas, liquid, and solid. At room
temperature, it is a gas. As the
temperature drops below 27.07 Kat 1
atm, it condenses into a colorless
liquid. This liquid phase exists over a
very narrow temperature
window—only about 2.5 Kelvin. Below
24.56 K, the liquid freezes into a solid
that is also colorless but has a density
of about 1.44 g/cm?3 (for the solid at
the triple point).

The triple point of neon—the specific
temperature and pressure at which
gas, liquid, and solid coexist in
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bar (43.3 kPa). Notice that this
pressure is below atmospheric. This
means that at temperatures slightly
above the triple point but below 27 K,
neon can exist as a liquid only if the
pressure is maintained above the
triple-point pressure. If you reduce the
pressure below that point, solid neon
sublimes directly into gas. This is an
important consideration for cryogenic
systems that use neon as a
coolant—you must carefully control
pressure to maintain the desired
phase.

Point

Neon’s boiling point (liquid to gas) at
1 atm is 27.07 K, as mentioned. Its
critical point occurs at 44.4 K and 27.6
bar, above which the distinction
between liquid and gas disappears.
The extremely low critical
temperature means that neon can
only be liquefied by wusing other
cryogenic fluids (like liquid helium) or
by compression combined with
cooling. This is why neon is often used
in cryostats that require temperatures
in the 20-30 K range.
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electifhy Does Neon Have

Such a Low Freezing Neon has only 10 electrons, arranged

Point?

The answer lies in the nature of the
forces that bind atoms together in a
solid. In neon, the atoms are held
together by weak van der Waals
forces—specifically London dispersion
forces. These forces arise from
instantaneous fluctuations in electron
density that create temporary dipoles,
which then induce dipoles in
neighboring atoms. The strength of
these forces depends on the
polarizability of the atom, which
increases with the number of

in a compact shell. Its polarizability is
very low compared to argon (18
electrons) or krypton (36 electrons).
As a result, the attractive forces
between neon atoms are extremely
weak. To form a solid, the thermal
energy (kzT) must be reduced to a
level where these weak forces can
overcome the kinetic motion. That
happens at 24.56 K, which
corresponds to a kinetic energy of
about 0.0021 eV per atom—tiny even
by atomic standards.

Additionally, neon is a monatomic gas.
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oxygen, there are no chemical bonds
or polarity; only the feeble dispersion
forces matter. The absence of
hydrogen bonding or dipole-dipole
interactions further contributes to the
low freezing point. In short, neon
freezes at such a low temperature
because its atoms hardly want to stick
together—they must be deeply chilled
before they surrender their freedom.

Practical Applications
of the Neon Freezing

While the freezing point of neon may
seem like an esoteric scientific
curiosity, it has several important
practical applications, particularly in
cryogenic engineering and scientific
research.

Cryogenic Cooling

Neon is used as a refrigerant in
cryocoolers that need to achieve
temperatures around 25-30 K.
Because its liquid range is narrow,
neon can be used in Joule-Thomson
coolers, where expansion provides
cooling. The freezing point of neon
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sets the lowest achievable
temperature for such a system at 1
atm—around 24.5 K. To go colder, one
must switch to helium, but neon is
often preferred for applications that
require moderate <cryogenic
temperatures because it is more
efficient than helium at those ranges
and is also more abundant and

cheaper.
Superconductivity Research

Many high-temperature
superconductors have critical
temperatures within the range of
20-30 K. Neon baths are used to cool
these materials below their transition
points. The stability of the



