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UV image of Venus (Venus-Pioneer probe in 1979, Credit NASA) 



The claimed presence of phosphine
(Greaves et al. 2020) brought up again
the discussion of possible life in the
Venusian clouds, but is phosphine really
present? - are organics present?

Arguments in favor of Life     Arguments against Life

• Habitable temperatures and 
pressures in continuous, 
stable cloud environment

• Super-rotation of 
atmosphere and sufficient 
available energy, suitable for 
photosynthesis

• If present, life in clouds likely 
evolved from past life on the 
Venusian surface

• Availability of critical 
nutrients C,N,S & P

• Extremely low overall water 
activity, which appears to 
require unknown biochemical 
pathways to overcome

• Sulfuric acid concentrations 
are in a  range that life on 
Earth could not cope with

• Likely  lack of trace metals and 
hydrogen

Is Life Possible in the Venusian Clouds ?



Could Life at Venus Adapt to Current Conditions in the Clouds ?

If life arose or was transported to Venus, and gained a foothold, at a time when liquid water was available on 

the Venusian surface,

then descendants of those early forms could have possibly adapted to the increasingly warm, dry, and 

acidic conditions through directional selection (Schulze-Makuch et al., 2013).

Phototrophic, thermophilic 

microbes of early Earth:

H2S + CO2 + light   → CH2O + H2O + 2S 

These organisms would fit into a 

hot, early ocean on Venus



One Challenge: Adaptation to UV –Radiation

Cycloocta Sulfur (S8) ?

•Thermally very stable and does not react with sulfuric acid

•Absorbs strongly in the UV wavelengths and re-emits in the

visible wavelengths

•Venusian microbes could deposit elemental sulfur on their cell

to convert UV radiation to EM frequencies usable for 

photosynthesis

(on Earth, some purple sulfur bacteria deposit elemental sulfur granules inside 

the cell, while some green sulfur bacteria deposit elemental sulfur granules 

outside of the cell)

(Schulze-Makuch et al., 2004, 2013)



UV Absorbance of a thin film of S8 at 298 K

(from Clark, 1963)

Compared to DNA and protein

absorbance:

(Rettberg and Rothschild, 2002)



Composite Figure based on data from Toon et al (1982), San’ko (1980) in Schulze-Makuch et al (2004)

Presence of S8 in the Venusian Clouds



Chemoautotrophic Metabolism ?
Sulfate Reducers?/Metal Reducers?

A hypothetical chemotroph could obtain energy by reducing sulfur 

dioxide to either hydrogen sulfide or carbonyl sulfide :

H2 + 2 CO + SO2 → 2 CO2 + H2S  (1)     Δ G = - 248.1 kJ/mol

3 CO + SO2 → COS + 2 CO2 (2)     Δ G = - 246.3 kJ/mol

These reactions would explain the low concentrations of CO in the 

Venusian atmosphere and some of the amount of H2S and COS.

Also, note that H2S – concentrations are

at 37 to 29 km altitude:  80 +/- 40 ppm

at 20 to 0 km altitude:    3 +/- 2 ppm

which may be an artifact of the above proposed reactions



Phototrophic Metabolism ?

H2S + CO2 + light   → CH2O + H2O + 2S (3)

This type of metabolism would be able to convert some of the H2S to S

(which then could be used as UV shielding material) and also could 

produce very much needed water in the atmosphere

Energy Cycling between Phototrophs and Chemotrophs ?

H2 + 2 CO + SO2 → 2 CO2 + H2S     (1)

3 CO + SO2   → COS + 2 CO2          (2)

H2S + CO2 + light   → CH2O + H2O + 2S (3)

Produce reduced

sulfur

Produce reduced carbon

and water



Additional Requirements or Solutions to the Habitability Challenges in 

the Venusian Atmosphere

• Since elemental sulfur is not wetted by sulfuric acid. Putative cells might only adhere to
sulfuric acid droplets rather than being fully enveloped, thus lowering the water activity and
acidity stress they would otherwise be exposed to (Petrova 2018)

• In addition to sulfur, putative cells would also need to be coated by hydrophilic filaments to
take up critical liquids (Seager et al. 2020)

• Microbial life may have the ability to go through a spore state to lower the expected cell losses
in the haze layer (Seager et al. 2020)



What should be the next Steps?

Recommendation: Try to detect phosphine in the IR range and also diphosphine as an
intermediate product in the photolysis reaction of phosphine to phosphorous and hydrogen
(Schulze-Makuch 2021)

The claimed presence of phosphine (Greaves et al. 2020)
brought up again the discussion of possible life in the
Venusian clouds, but is phosphine really present?

Lincowski et al (2021) and other claim that it might be misidentified SO2, but Mogul et al. (2021) re-examined mass 
spectral data obtained from the Pioneer Venus Large Probe Neutral Mass Spectrometer and found phosphine 
among other chemical compounds



Investigate microbial adaptation mechanisms to hyperacidity, low 

water activity, and the lack of trace metals

But only because Earth organisms are not adapted to it, does  not mean that these adaptation cannot exist. On 
Earth, there was little reason to develop these type of adaptation mechanisms

No organism on Earth could thrive at the low water activity values and hyperacidity that we think exist in the 
Venusian clouds. Even less to both stresses at the same time (in addition to being airborn and the lack of trace 
metals) 

For example, evading the stress of low water activity:

+ scale (liquid asphalt lake, overall aw = 0.49, but microdroplets (Meckenstock et al. 2014)

+ fluctuations (daily/seasonal cycles; only temporarily above aw > 0.6 (de Vera et al. 2014)
:



Hygroscopic Salts as one of the last Outposts of Life near Yungay

• Precipitable water vapor: 1000 – 3000 μm

• More than 50 deliquescence events/yr (Davila et al. 2008)

• Deliquescence driven ecosystems

Endolith at Salar Grande Endolith near Yungay

A “trick” in desert environments on Earth: deliquescence 



Test selected acidophilic microbes how far they can adapt from one 

generation to the next to higher and higher sulfuric acid 

concentrations
life
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New Record for Microbial Perchlorate Tolerance: Fungal Growth in NaClO4 Brines and its Implications for Putative Life on Mars
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Davinci+, Veritas, EnVision and Venera D will be very valuable in this respect, especially to
explore the geological past and natural history of Venus

However, especially desirable would be a mission to crack
open the mode 3 particles to reveal their interior composition
(the Venus Pioneer probe was supposed to do that but failed
because the pyrolyzer malfunctioned)

Launch Missions to Venus 

Pioneer probe



From Popular Science (Febr 2003)

Earlier on we proposed a

Mode 3 Particle Retrieval 

Mission to Venus

(Schulze-Makuch et al., 2002;

Schulze-Makuch et al., 2005)

Parachute Drop with 

Balloon Floatation



Why are We Interested in the Mode 3 Cloud Particles?

The Venusian clouds consist of an upper, middle and lower cloud layer, 

with the cloud layers including the following particles: 

(1) mode 1 droplets with a diameter of ~ 0.13 to 0.2 microns

(2) mode 2 droplets with a diameter of ~ 1.1 to 1.36 microns

(3) mode 3 droplets with an average diameter of ~ 3.6 microns (lower cloud deck 

only, which has most benign temperature and pressure conditions)



Mode 3 Particles 

(in lower cloud deck only)

Based on photometric measurements from the Venera 9-14 probes, the mode 3 particles are distinctly

different in origin from the other cloud particles (Krasnopolsky, 1986)

Radiooccultation results support that mode 3 particles are composed of non-absorbing material coated with

sulfuric acid (Cimino, 1982) and are non-spherical (Grinspoon et al., 1993)

Detailed simulations of infrared simulation indicate that mode 3 particles may be composed of an unknown

non-absorbing core material that makes up 50 % by volume of the particles (Grinspoon et al. ,1993)

If there is life at Venus, the (interior of the) mode 3 particles are it !



Conclusions

(1) Venus was likely habitable in the distant past and it could have had a thriving biosphere on its surface.

Later on, as the surface became uninhabitable, life could have possibly retreated to the atmospheric

habitat under directional selection

(2) Life in the lower cloud deck nowadays is challenging and as far as we understand no Earth organisms

can thrive under these environmental conditions.

(3) However, there are many example of the amazing adaptability of life and Venusian life – if it exists – would

be expected to be better adapted to Venus than any Earth life

(4) The claimed phosphine detection by Greaves et al. (2020) is controversial and should be further examined

whether it can be confirmed.

(5) In addition, lab experiments should be conducted to test life´s resistance to the stresses present in the

Venusian clouds, especially low water activity and hyperacidity.

(6) The newly planned mission will be very useful to gain insights and constrain the natural history of Venus,

but an astrobiological mission to examine the aerosols (mode 3 particles) in the cloud layer would be

even more desirable
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