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Introduction:  The community commonly assumes 

that the Venusian atmosphere lacks organic (reduced) 

carbon. This is reflected in the literature, which now 

for almost a half a century does not mention organic 

carbon as a component of the Venus atmosphere. We 

believe that this assumption is wrong and that organic 

carbon species undergoing complex cycle are minor 

yet significant components of the Venusian 

atmosphere. 

Results: A model summarizing reactions that 

almost certainly are occurring in the Venusian 

atmosphere will be presented [1]. The model (Fig. 1) 

relies on reactions of reduced carbon compounds 

known to occur in concentrated sulfuric acid (CSA), 

under high temperature, and high pressure, many used 

in industrial processes. Inclusion of this known 

chemistry into a model for the Venus atmosphere 

accounts for several as yet unexplained observations. 

These include the upper haze, the lower haze, and the 

“mysterious” UV-blue absorber causing the UV and 

yellow markings observable on the Venus cloud tops. 

 
Fig. 1 The proposed organic carbon cycle in the 

atmosphere of Venus 

 

Reduced carbon is introduced to the cycle via 

meteoric infall, volcanic activity, and processes (e.g. 

photochemistry) that deliver formaldehyde (H2CO) or 

other organic carbon species. When organic carbon 

encounters CSA droplets in Venus clouds, it undergoes 

evolution towards higher molecular weight, highly 

unsaturated, and aromatic acid-soluble species. In the 

industrial literature, these are referred to as “red oil”. 

The red oil is fluorescent and UV-vis absorbing, with 

the absorption and emission spectrum depending 

strongly on the stage of its evolution. Larger molecules 

have absorption spectrum extended to longer 

wavelengths, appearing darker (Fig. 2).  

 
Fig. 2 color change during conversion of the red oil; 

polymerization of formaldehyde in 75 % sulfuric acid. 
 

Below ~50 km altitude, where the sulfuric acid is 

concentrated above 95%, aliphatic hydrocarbons 

undergo cracking (decomposition towards smaller 

unsaturated molecules) and evaporate with other 

volatile molecules. Volatile hydrocarbons that do not 

re-enter the CSA cloud droplets condense at the upper 

atmosphere, forming aerosols of the upper haze and 

undergo UV induced radical polymerization as they 

fall back to the cloud. There, they either re-enter CSA 

droplets and contribute to the red oil production or 

undergo cracking at the lower atmosphere, returning to 

the upper haze. At the lowest part of the cloud water 

and subsequently sulfuric acid evaporate, 

concentrating organic aromatic compounds resistant to 

cracking that form porous carbon particles (Fig. 3). 

Under the cloud these carbon particles form the lower 

haze and as they fall, they undergo Boudouard reaction 

[2] and are oxidized to carbon monoxide (CO). CO 

produced from the carbon particles and 

photochemically produced CO might be reduced at the 

upper atmosphere and reintroduced to the organic 

carbon cycle. 

The proposed model in combination with the know 

Venus atmosphere dynamics [3] predicts that regions 

containing more light absorbing red oil will be 

subjected to more heating. Heated cloud regions would 

be upwelled and transported in convective cell towards 

the cloud tops, prolonging life time of the droplets 

containing the red oil. The darker the red oil, the 
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longer will it remain in the upper cloud and the longer 

will it resist the decomposition. 

 
Fig. 3 Aromatic carbon particles formed in 150 °C 

CSA from formaldehyde.  

 

Evolving chemical replicators in CSA: Red oil 

conversion gives highly complex carbon molecules, a 

small fraction of which can by chance acquire 

functionalities necessary for biochemistry [4]. Our 

preliminary experiment and literature [5] indicate that 

red oil is catalyzing production of more red oil 

(causing “runaway” effect during octane production). 

Although general red oil autocatalysis was described, 

self-replication of the red oil is yet to be demonstrated. 

If self-replication of some carbon species is 

feasible within the Venus clouds, the progeny of these 

molecules might be more consistently elevated to the 

upper cloud layer due to solar heating, restarting the 

cycle and avoiding decomposition in the lower haze by 

producing more of itself. The efficiently self-

replicating species cause the upwelling cloud cells; 

neighboring less efficient red oil species are being 

pulled down in a downdraft, decomposing under the 

cloud to produce volatile “nutrients”. Selection in this 

competition would be for faster conversion to light 

absorbing species (larger molecules) and for seeding as 

many droplets as possible. 

If molecules capable of imprecise self-replication 

are evolving and competing for resources in the Venus 

cloud, they are “life” by some definitions. But without 

a deeper understanding of the complex red oil 

chemistry, we would not be able to distinguish these 

“life” forms from the regular autocatalytic red oil, 

which is not self-replicating. Even if some molecules 

in the Venus atmosphere are undergoing this type of 

Darwinian evolution, a consensus about their “life” 

status would be hard to reach, since this “life” would 

be too different from the one example we have here on 

Earth. 

The overall high reactivity of all classes of 

molecules in a mixture with reactive carbocations in 

CSA might be an insurmountable obstacle for the life 

origin and continuation in Venus clouds. Further, here 

proposed hypothesis for "life" in the Venusian cloud 

lacks a mechanism for “seeding” of neighboring 

droplets with the self-reproducing species. If a 

mechanism for exchange of large molecules between 

the droplets does not exist, any form of life could not 

evolve in the Venus atmosphere. 

Further study of organic carbon chemistry in CSA 

is needed as it has a broader exobiological relevance, 

given that planets with liquid sulfuric acid are 

predicted to be as common as planets with liquid water 

in our galaxy [5]. 

The fluorescence of the red oil is an attractive 

target for in situ analysis and test of this hypothesis. If 

Venus atmosphere hosts the red oil, it will be detected 

during the planned 2023 MIT Small Mission [6]. 
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