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Elements in focus: helium

Melissa Lord

Helium: gas of awe, wonder, and worry. s it time to give this noble gas the

respect it deserves?

Helium: such an inspiring gas to meet. The second most com-
mon element in the universe, the stuff of stars, is less dense
than air, so if you lose your grip on a helium balloon, it rises
into the air. Breathing a mouthful of helium can make you
sound like Donald Duck, and the reason lies in vocal folds
and the speed of sound in helium. However, don't try this at
home: the risk assessment includes potential death.M

What do we know about helium? Where do we get it from?
What do we use it for? What of our future relationship with
this unreactive and fascinating gas?
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Discovery

The word helium comes from Helios, Greek for the Sun, be-
cause this element was actually discovered in the Sun before
it was known on Earth. The spectrum of the Sun’s corona, the
‘crown’ of hot gas surrounding the Sun’s glowing surface, was
analysed during a solar eclipse in 1868.

Different elements absorb different colours of light, giving a
‘bar code’ for the different elements present. In addition to
the bar codes for known elements like hydrogen and sodium,


https://www.scienceinschool.org/article/2021/elements-in-focus-helium/
https://www.thetimes.co.uk/article/more-than-500-deaths-are-linked-to-helium-misuse-226h83spt#:~:text=According to the figures from,died from inhaling the gas.
https://commons.wikimedia.org/w/index.php?curid=928635
https://creativecommons.org/licenses/by-sa/2.5/
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The Sun's spectrum, showing the characteristic bar codes caused by different elements absorbing photons

Jules Janssen from France found a set of lines that didn't fit
with any known element, and Norman Lockyer from England
suggested that the Sun contained an element unknown on
Earth and gave it the name helium.

In 1881 the same pattern was discovered in gas from Mount
Vesuvius in Italy. Eventually, helium was collected: a very
low-density, unreactive gas to join argon, xenon, and kryp-
ton, and in 1902, Mendeleev added a new column to his peri-
odic table for these ‘noble gases.

An image of the Sun’s corona taken during the total solar eclipse of

21 August 2017. The white glow of the corona is sculpted by the

Sun’s magnetic field.
ESO/P. Hordlek/Solar Wind Sherpas project

Where do we get our helium from?

Helium is the second most common element in the Uni-
verse; it was formed during the Big Bang and there is lots
in stars, which release energy by fusing hydrogen atoms to
give helium. However, Earth’s helium is produced by alpha
decay within the Earth’s crust. Radioactive elements, such as
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isotopes of uranium, emit alpha particles, which are helium
nuclei. These doubly positively charged alpha particles pick
up a couple of electrons and there you are: a helium atom.

The very small helium atoms find their way through gaps be-
tween particles in permeable rocks, so helium leaks out of
the Earth over millions of years. There are just a few rare
wells of helium gas, which form when pockets of helium are
trapped by impermeable rock.

Examples can be found in Qatar, the USA, Russia, and Algeria.
Some of these are becoming depleted, and the geopolitics of
others makes supply unreliable. The largest well is estimated
to about seven times the annual global consumption,? and
the estimated total US known reserves might supply twenty
years. However, helium is an element, so we can't synthesise
more of it, and we have used millions, or even billions, of years’
accumulation of this precious element in just a few decades.

Helium is unique amongst the light elements in that it is
a product of the Earth, rather than the star debris that
preceded it. All of Earth’s helium has been made during its
own history.

Alpha decay to give an alpha particle or helium nucleus.
Red=protons, blue=neutrons. Public Domain


https://www.scienceinschool.org/article/2021/elements-in-focus-helium/
https://www.eso.org/public/images/eso1822i/
https://www.eso.org/public/outreach/partnerships/photo-ambassadors/#horalek
http://project.ifa.hawaii.edu/solarwindsherpas/
https://www.ox.ac.uk/news/2016-06-28-huge-helium-discovery-life-saving-find
https://commons.wikimedia.org/wiki/File:Fraunhofer_lines.svg
https://commons.wikimedia.org/w/index.php?curid=2858666
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sealing rock layer

A helium gas anticline (helium well). Originally published by
Physics World. © /0P Publishing. Reproduced with kind permission.

Where does helium go?

Why have billions of years of helium release from rocks not
given Earth a helium atmosphere? Helium atoms are low-
mass, and so they are fast-moving particles in air. Any heli-
um atoms high enough and fast enough can escape gravity’s
pull: Earth leaks helium to space.

Helium Facts

e Element name: Helium

e Symbol: He

e Atomic number: 2

o Relative atomic mass: 4.00

o Density: 0178x10-3 g/cm3 at room temperature - only
hydrogen is less dense

e Boiling point: -269°C or 4 kelvin, the lowest of
any material

e Periodic table group: 18 (noble gases)

e Abundance in Earth’s crust: 2-6 parts per million -

on the endangered list.

What makes helium so useful?

The biggest application of helium is in cryogenics. Liquid he-
lium is a ‘magic ticket’ towards absolute zero - the lowest
temperature possible. Helium condenses at -2690C (4 K), and
at this temperature, most metals become superconductors
and let an electric current flow with zero resistance. This
means that helium is key wherever very strong electromag-
nets are needed.
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An example is magnetic resonance imaging (MRI) scan-
ners. They make details like torn ligaments, tumours, and
heart defects visible without surgery, which has trans-
formed medical diagnosis. They account for about 30-35%
of the helium used each year globally,?* but they remain
rare in many parts of the world, so this demand should grow.
Do you know anyone who has had an MRI scan, possibly a
lifesaving one? This wouldn’t be possible without helium.

In scientific research, we know about the structures of pro-
teins and other complex molecules thanks to nuclear mag-
netic resonance (NMR) spectrometers, the cousins of MRI.
Particle accelerators such as those at CERN, the birthplace
of the world-wide-web and the site of the hunt for the Higgs
Boson, also depend on vast electromagnets cooled by heli-
um to steer charged particles.

A medical MRI Scanner

Jan Ainali/Wikipedia, CC-BY-3.0

As a noble gas, helium is also inert, which makes it useful in
applications where a non-reactive atmosphere is needed, for
example, in certain kinds of welding and to purge produc-
tion lines of other more reactive substances. Semiconductor
manufacture for electronics relies on helium because of its
inert nature and fluid properties.’

Helium’s inertness also means that it is non-toxic. Deep-sea
divers use helium in their breathing mix to reduce the nitro-
gen absorbed into the blood during deep dives. Nitrogen dis-
solved in the blood can form bubbles when the diver surfac-
es, leading to ‘the bends', which is painful and can be deadly.

Finally, the small size of helium atoms means that helium
gas can find its way through gaps on the atomic scale, which
makes it useful in research and industry to check for leaks.


https://www.scienceinschool.org/article/2021/elements-in-focus-helium/
https://www.scienceinschool.org/sites/default/files/teaserMaterial/Helium%20Additional%20Material.pdf
https://www.rsc.org/news-events/opinions/2019/jan/elements-in-danger/
https://link.springer.com/article/10.1007/s41247-020-00072-5
https://home.cern/about
https://en.wikipedia.org/wiki/Safety_of_magnetic_resonance_imaging#/media/File:MRI-Philips.JPG
https://creativecommons.org/licenses/by/3.0
https://physicsworld.com/a/on-the-hunt-for-helium/
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tive decay in the Earth is producing more as you read this
article, but at a rate that is tiny compared to the rate of use.

Helium is a key element in our lives, but how common is
this knowledge? Does it need a better press along with
the scientific campaign!® for its conservation, recycling,
and reuse?

Meanwhile, 17% of our global consumption™ is used to fill
balloons. A precious and important gas is lost to space and
the balloons fall as litter, endangering wildlife.”?Should we
rethink the ethics of this? Are party balloons really worth

Electromagnets before they are connected together at the Large serious helium shortages for future generations?®!
Hadron Collider, CERN. The helium cooling system is visible.
Copyright: CERN
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Resource

Read a BBC Newsround article on helium suitable for
school students.

The elements in danger version of the periodic table.

Elemental Escapades! A Periodic Table Adventure is a
short 2D puzzle game in which you play as Jan, a janitor
inadvertently transported across time and space.

Learn more about the Sun’s spectrum and what the stars
are made of. Ribeiro Cl, Ahlgren 0 (2016) What are stars
made of? Science in School 37:34-39.

Read an article on fusion and how it aims to produce
energy by reproducing the solar conditions. Riith C (2012)
Harnessing the power of the Sun: fusion reactors.
Science in School 22:42-48.

Read other articles from the elements in the

spotlight series:

- Beryllium. Piergrossi JW, Espuny MC (2018) Elements in
focus: beryllium. Science in School 45:18-22.

- Molybdenum. Batsmanova A, Liabin M, Stepanova Y,
Watt S (2017) Elements in focus: molybdenum.
Science in School 41:30-34.
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