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Is there life on Venus?
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Carol Tear investigates the reports of 
presence of phosphine gas on Venus

In September 2020 a team of astronomers led by Jane 
Greaves at Cardiff University published research 
showing that phosphine gas is present in the clouds 

of Venus. They say that they have ruled out all of the 
known natural ways the gas could be occurring, other 
than from biological processes. Microbes in the clouds 
could be responsible. How did they get this evidence? 
Could there be life on Venus?

Exploring with spectroscopy
All of the information we have about the stars and 
planets comes from the radiation they emit that we 
detect here on Earth, as well as from space probes 
sent to the Sun and planets in our solar system. To 
study the atmosphere of a planet, astronomers use a 
spectrometer to look at the absorption spectrum of the 
radiation coming from the planet.

An absorption spectrum has dark lines corresponding 
to missing frequencies that have been absorbed by the 
gases in the atmosphere. Astronomers subtract the 
effect of the gases in the Earth’s atmosphere, or use a 
telescope in orbit, so that the absorption lines they see 
are due to the gases in the atmosphere of the planet. As 
planets are cooler than stars, they have molecules in 
the atmosphere that absorb radiation in the infrared 
frequency range (Box 1).
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The visible part of the absorption spectrum of the 
Sun. The dark lines are the wavelengths absorbed 
by the gases in the corona. Helium, hydrogen and 
many others can be identified
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confirmed that phosphine was present at 20 parts per 
billion. The clouds of Venus are so acidic that phosphine 
will react quickly, so it must be being continually 
produced. Researchers have since been trying to find 
a mechanism (other than life) to explain its presence. 
It is not caused by any other known process, including 
volcanic activity, sunlight or lightning.

What next?
There is interest in sending a space probe to Venus to 
find out more. The last spacecraft to land on Venus 
was the Soviet Union’s Vega 2 in 1985. The pressure 
on the surface when it landed was 91 times the Earth’s 
atmospheric pressure, and the temperature was 463°C. 
Vega 2’s atmospheric probe only operated for a couple 
of days. If there are any microbes living in the clouds, 
they will be very different from those found on Earth.

On the other hand, it is also possible that some 
atmospheric chemistry that only occurs at high 
temperatures and pressures outside our experience 
is responsible for the production of phosphine. The 
conclusion so far is not that there must be life on 
Venus, but that some unknown geological, chemical 
or biological activity is producing phosphine in the 
clouds of Venus. Many scientists will be working to 
find the explanation.

Biosignature gases
Phosphine (PH3) has an absorption line at wavelength 
1.123 mm. It has very low concentrations on Earth, 
where it is produced naturally by non-oxygen breathing 
microbes and found in places such as penguin dung. 
When phosphine isn’t pure, it smells like rotting fish. 
It is also produced artificially for the semiconductor 
industry, to add phosphorous to silicon crystals in a 
process called doping.

Following the discovery of planets orbiting other 
stars (see Physics Review, Vol. 30, No. 1, pp. 16–17), 
scientists have been working to identify biosignature 
gases. These are gases that are only produced by biological 
processes, so if they are present in the atmosphere, they 
indicate that there is life on the planet.

Oxygen is a biosignature gas: its presence on Earth 
is due to photosynthesis, and it clearly indicates that 
there is life on Earth. Phosphine has been identified 
as a biosignature gas if it is found on rocky planets like 
Earth and Venus, but not on large gas giants, such as 
Jupiter, where it is produced by chemical processes at 
very high temperatures and pressures, much higher 
than on Venus.

Phosphine on Venus
Researchers were testing the spectroscopy technique 
by looking at the clouds of Venus, which have similar 
temperatures and pressures to Earth’s atmosphere, so 
may be more hospitable for life. The experiment was 
carried out in order to establish a baseline — they were 
expecting a negative result.

When they discovered phosphine, further research 
was done using the James Clerk Maxwell Telescope 
in the USA and the ALMA telescope in Chile. This 

Box 1 Photon energy
The energy DE of the photon emitted or absorbed 
is related to the frequency f of the radiation by the 
equation:

DE = h f
where h is the Planck constant

Activity
Calculate the frequency and the energy difference 
corresponding to the absorption line of the 
phosphine molecule.
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