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S FAR AS WE KNOW, EARTH IS THE ONLY PLANET WITH LIFE. IT HAS
accessible liquid water, food, and WiFi. But what if there is another place in the
universe where humans could survive and comfortably watch Netflix? Scien-
tists are searching for other habitable locations across the universe and are
looking at two possible candidates: Mars and Saturn’s moon Titan. Studying these and
other celestial bodies can help scientists learn about chemical processes that occur in
our solar system and help us understand our own planet’s past, present, and future.

When thinking about living on another Titan’s air is about 95% nitrogen (N2) and
planet, we must first think about the condi- 5% methane (CH4)—coincidentally a minor
tions on Earth that help us survive. On Earth, ingredient in farts though not the odorous
humans can walk around on the surface, kind. It also has trace amounts of other
breathe oxygen, drink liquid water, survive carbon-rich compounds. The quantity of
at a comfortable temperature, and live with methane in Titan’s air is one of the biggest
protection from the sun’s energetic waves. chemical differences from our home planet.
Finding all of those conditions on a different Instead of water, Titan’s clouds, rain, and
stellar object is not easy. So scientists are lakes are composed of liquid methane and

looking for the next best thing, with Titan and ethane (C2Hs).
Mars in the running.
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Titans gassy air

Titan is perhaps an unexpected candidate
for human habitation because it is not even
a planet, although it has many planet-like
features. It is the second largest moon in our
solar system, larger than our moon and the
planet Mercury. More importantly, Titan is
the only moon in our solar system Studying Titan’s surface could
to have an atmosphere and clouds— help scientists piece together
traits that make it similar to Earth. how life on Earth began. *

Methane plays an important part in maintain-
ing Titan’s thick atmosphere. It contributes to
the greenhouse gas effect, which helps keep the
moon’s temperatures from dropping very low.
Without methane, temperatures would be low
enough for nitrogen gas to condense into liquid,
and the atmosphere would collapse. Here on Earth,
water vapor and carbon dioxide are the predomi-
nant greenhouse gases.

Titan’s atmospheric methane also drives the
formation of more complex organic compounds.
Atmospheric methane and nitrogen molecules
are exposed to the sun’s ultraviolet light and
high-energy particles that accelerate in Saturn’s
magnetic field. This energy drives reactions with
nitrogen, hydrogen, and carbon to create more
complex organic compounds.

Some of those complex organic compounds
are aromatic molecules, such as benzene. Oth-
ers are negatively charged compounds known
as carbon-chain anions (for example,

CN" and C2H’). These linear compounds
are thought to be the building blocks for
more complex molecules and may be the
basis for the earliest forms of life, includ-
ing life on Earth. Scientists are not sure how
or why, but these complex molecules drift lower
in the atmosphere, are transformed into a com-
plex haze of organic aerosols, and eventually
reach Titan’s surface.
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CHEMISTRY OF TITAN'S ATMOSPHERE
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TITAN’S COMPLEX CHEMISTRY—During its 13-year tour of Saturn and its moons,
NASA’s Cassini spacecraft revealed that the chemistry of Titan’s atmosphere is more
complex than scientists previously thought. Nitrogen and methane in the upper
atmosphere are exposed to sunlight and energetic particles including electrons and
protons. This exposure drives the formation of more complicated compounds, which
could then combine into molecules with atomic masses of up to 8,000 daltons.

Scientists have speculated that perhaps life
could exist that is based not on liquid water,
but on liquid hydrocarbons such as methane
or ethane, which are abundant on Titan. As
a source of energy, such life might use the
reaction of acetylene and hydrogen, two
gases that are known to exist on Titan, since
their combination gives off lots of energy:

As it is, Titan is completely unsuit-
able for terrestrial life. The extremely
cold temperatures of —180 °C
(approximately —290 °F) would freeze
any water present, and all Earth life
is based on water. And while the atmo-
spheric pressure on Titan is moderate—1.5
times the pressure of Earth’s atmosphere,
about what divers experience 15 feet under-
water—there is no oxygen in it. So humans
would have to live in an enclosed environ-

C2H2 + 2H2 — C2Hs  AH° =-311 kd/mol

No one has yet seen any compelling evi-

ment that could be warmed up and filled with
oxygen, perhaps produced from the frozen
water that is present on Titan.

If we could manage to pull off this techno-
logical feat, would we be sharing the planet
with native life forms unlike life on Earth?
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dence for life on Titan, and it's hard to imag-

ine how life would overcome the problems of

operating at such low temperatures (where
chemical reactions get very slow). But it
would sure be cool to visit Titan to check out
the possibilities!

www.acs.org/chemmatters

Unfortunately, getting to Titan is tough.
Unmanned satellites have taken years to
reach the distant moon, and currently we do
not have the technology to transport humans
that far. But scientists have been exploring
another possibility for our future home, and
this one is much closer.

Mars is at a viable distance for human
space travel—it would take about seven
months to get there—but its living condi-
tions are not ideal. The planet is blasted by
harmful ultraviolet radiation. It has a weak
magnetosphere that would not provide much
protection from space radiation or the sun’s
incoming charged particles. There is not
enough oxygen for us to breathe. The Martian
surface mainly features iron dust and rocks
that give the planet its red, rusty color. Mars
could be nicknamed “Dusty Rusty.”

So why are scientists studying ol’ Dusty
Rusty? Geologic evidence on Mars suggests
that the planet was once like Earth with lakes,
warm weather, and possibly life. Scientists
are exploring whether life could survive on
present-day Mars.

One obstacle for human habitation on
present-day Mars is its atmosphere. The
atmosphere, primarily composed of carbon
dioxide, is currently about 100 times thinner
than Earth’s. The thin atmosphere makes it
impossible for humans to breathe and stay
warm. The atmosphere is also too thin to
sustain liquid water, which is essential for
human life.

Just like on Earth and Titan, living organ-
isms on Mars would need energy to survive.
Mars has a few potential energy sources
that could help microorganisms grow. The
National Aeronautics and Space Administra-
tion’s (NASA) Mars rover, named Curiosity,
even detected organic molecules in a rock-

powder sample. But Mars does not

& have abundant organic

ﬂ material on its surface

, like Titan.

(continues on page 8)
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N EARTH, WE HAVE MICROSCOPIC
O BACTERIA, six-legged beetles,
seven-foot tall humans, and monster-
sized whales. As scientists explore the
universe though, they are learning that life
on another planet might look different
from ours. Many planets do not have
the ingredients that Earthlings need
such as water. If life were to exist on
another planet, the organisms might
survive with a different chemistry
from what we know here on Earth.

The ExoMars mission in
202p—Iled by the European
Space Agency—will carry a
NASA mass spectrometer to
look for signs of life.

So this raises the question:
How do we search for life
when we do not even know
its chemical composition?

It’s complicated

Amino acids are often called the “build-
ing blocks of life” on Earth because they
make up our cells, muscles, and tissues.
Scientists have found these organic mol-
ecules throughout the universe, but the
most abundant types are simple struc-
tures such as glycine.

Glycine is the simplest amino acid
because it has a hydrogen as its side chain,
while all other amino acids have more
sophisticated carbon chains.

High proportions of simple amino acids,
such as glycine, on other planets show that
life is rudimentary at best, or more likely,
has not yet formed. Organisms might be
expected to string together molecules to cre-
ate more complicated amino acids, such as
tryptophan, that includes an aromatic ring.
Humans only use 20 amino acids, but there
are many more. Even though scientists
may not necessarily know which amino
acids might be a sign of extraterrestrial
life forms, they look for high quantities of
complicated organic molecules or com-
plex structures as a potential sign.

Time to get even

Scientists also look for even-numbered carbon
chains. All known life on Earth uses carbon to
live, grow, and reproduce. And the majority of our
carbon chains appear in mostly even numbers
because many processes in living organisms pro-
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Large amounts of complicated molecules
similar to the amino acid tryptophan,
above, could indicate the presence of life
on other planets—or moons.

carbon
in pairs. In

chains not pro-
duced by living organisms, carbon is added
one by one, leading to both even and odd
numbers of carbons in a chain.

Measuring molecules

Researchers search for chemical com-
pounds using spectrometers, instruments that
break down the composition of an object. Like
a prism, they record the light emitted from
a cloud or planet and then break the signal
into its individual wavelengths. Because each
element or molecule gives off light in specific
colors, scientists can match the colors to an
individual element or molecule. Most spec-
trometers work with light, but some measure
individual chemicals by mass.

Spectrometers are placed on many
spacecraft to study the compositions
of planets and other objects in space.
They have helped scientists identify organic
matter on Mars and complex mixtures of
hydrocarbons and carbon-nitrogen com-
pounds on Titan. With this growing body of
information, scientists get closer to learning
more about what kinds of organisms might
exist out there—whether microscopic or
monster-sized.
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What it does have is a lot of iron. On Earth,
microbes use energy from chemical reactions
with iron in rocks—and the same could be
true for Mars. Microorganisms could absorb
energy from an iron reduction-oxidation
reaction. The Martian environment has many
electron donors and acceptors, such as iron
(Fe?*, Fe®*), hydrogen (Ha), perchlorate
(Cl04), and carbon monoxide (CO).

Although scientists have not yet found life
on Mars, NASA is looking to send humans to
Mars in the 2030s. SpaceX plans to accom-
plish this by 2024.

Survivor: Mars

Researchers have already developed a lot
of the technology needed to sustain life on
Mars. Spacesuits could help us withstand the
low pressure, and dome bubbles could shield
inhabitants from the sun’s harmful radiation
and provide a breathable atmosphere. NASA
is also investigating how oxygen can be
obtained from the carbon-dioxide atmosphere
and how to extract water from rocks. (Note:
Researchers this summer reported evidence
that liquid water likely exists on Mars.)
Researchers have simulated Martian soil here
on Earth and were able to grow simple foods,
such as tomatoes and peas.

CARBON ESCAPING FROM MARS’ ATMOSPHERE

MARTIAN CARBON—Carbon dioxide (CO2) forms in Mars’ mantle. The gas enters
the atmosphere directly through volcanoes, or is crystallized from magmas, and
later released into the air. The gas can interact with polar caps. When ultraviolet
light from the sun strikes a CO2 molecule, it splits into carbon monoxide (CO) and
oxygen. The CO can then break down into carbon and oxygen. Scientists have
proposed that some carbon atoms would have enough energy to escape Mars’
atmosphere. This loss mechanism is called ultraviolet photodissociation. While
this process releases oxygen into the atmosphere, Mars only contains a trace
amount of oxygen, not enough for breathing, according to Renyu Hu, a planetary
scientist at NASA’s Jet Propulsion Laboratory.

Astronaut Richard F. Gordon suits up during the
Apollo 12 pre-launch countdown on Nov. 14, 1969.

Even though Mars might be more amenable
to human habitability than Titan, research-
ers continue to study the distant moon as
they suspect the universe contains many
similar celestial bodies. Thousands of other
planets have been discovered in the past two
decades, and many of them have conditions
similar to those found on Titan. So figuring
out how to potentially survive there could
apply to other planets in the galaxy.

If nothing else, Titan and Mars provide
insight on Earth’s past and future. Think of
Earth, Titan, and Mars as a movie trilogy that
tells the story of the evolution of life. Titan is
the prequel showing Earth before life. Earth
shows the present environment with life.
Mars is the sequel to Earth, showing a post-
terrestrial world. By exploring these places
(and others), scientists are learning more
about how life on Earth was created and what
could be in store for our future.
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