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NEAR-SURFACE ATMOSPHERE OF VENUS: NEW ESTIMATIONS OF REDOX 
CONDITIONS BASED ON NEW DATA Zolotov M.Yu. Vernadsky Institute of 
Geochemistry and Analytical Chemistry, Russian Academy of Sciences, Moscow 

Atmospheric redox potential at the planetary surface was evaluated providing thermochemical gaseous 
equilibria on the basis of new spectroscopic estimations of gases content below clouds. The redox potential 
estimation made based on C02, CO, SO2, and COS content (log(f(0Z)) = (-21.3-(-21.4)) seems to be more 
reliable. The experimentally expected COS and SO2 abundance as 15 pprn and 4 3 0  pprn respectively do not 
contradict with the concept of thermochemical equilibrium in the C-0-S system. 

Recent estimations of COSY COY H20, and SO2 abundance obtained from near-infrared spectra of the 
Venus night side (1,2) enables more precise dehition of atmospheric composition (Tab.). The Pollacks' et 
al. (1) expectation of COS content as 15 pprn and more below 26 km is higher than Pioneer Venus' upper 
limits (3,4) and appears to be similar with theoretically estimated contents (e.g. 5-8) based on 
thermochemical equilibrium model for the lowermost part of the atmosphere. That coincidence supports 
that model at least for the C-0-S system. The new estimations of CO content for the 40-23 km do not 
contradict the Pioneer Venus (3) and Venera 11,12 data (9). The water vapor content estimated in (1) is 
essentially lower than recommended in (10) value and similar with the Venera 11,12 spectroscopic data 
(1 1). The microwave (12), and Vegas's spectral evaluations (13) showed that SO2 content below clouds 
could be lower than 130 ppm. In spite of low accuracy, the latter data might not be accidental. The goal of 
that work is to test the applicability of these new data to the equilibrium concept. 

Results.The atmospheric redox potential was estimated on the basis of recent data providing the 
following chemical equilibria: C02=C0 + 0.502; SO2 = 0.5S2 + 02; C02 + SO2 = COS + 1.502; CO + 
SO2 = COS + 02;  H 2 0  + SO2 = H2S + 1.502 (Fig.). The calculations were made at 740 K, 95.6 bar 
(605 1.4 km) on the basis of gases content from Table and thermochemical data for gases mostly from (14). 

Discussion. The calculations of redox potential (log(f(02)) lead to different results, while this lack of 
coincidence appears to be lower than has been predicted on the basis of Pioneer Venus and Venera data 
(e.g. 7,8). This noncoincidence is assumed either to result from lack of total gaseous equilibrium in the C- 
0-S-H system as suggested in (15), or could be coming from insufficient accuracy of measurements of 
some gases providing the thermochemical equilibrium. The third possibility is the existence of that 
equilibrium between two gases (e.g. C02 and CO) or a few gases (e.g. C02, CO, COS, and S02). The 
latter one seems to be supported by the recent data because of better coincidence of log(f(02) values 
calculated from these gases (see Fig.). The concentration of C02, CO, S02, and COS are slightly better 
known and high enough to determine the redox conditions in contrast with much less abundant gases such 
as S2, H2, and H2S (see e.g. 10,15). Therefore the redox potential estimations made on the basis of H2S 
and S2 concentration could be considered as less reliable. 

The estimation of the redox potential made based on concentration of C02, CO, S02, and COS 
(0.965 (10); 17 pprn (17); 60 pprn (12); 15 pprn (1) ) results to log(f702)) = (-21.33)-(-21.38). Another 
words, the redox potential obtained from COS and SO2 are equal log(f702)) value, which is controlled by 
COlC02 ratio. That coincidence shows that SO2 content lower than 130 pprn is not so unusual providng 
the concept of thermochemical equilibrium (see Fig.). Besides, the COS abundance as high as about 100 
ppm (as also was not excluded on the basis of Venus's spectra modeling (1)) does not better corresponded 
with that concept. Indeed if COS abundance is about 100 pprn the redox potential values estimated from 
COS-C02-SO2 and COS-CO-SO2 equilibria (-21.67 and -21.85 respectively at 130 pprn SO2, 17 pprn 
CO, and 0.965 C02) is in contradiction with the f(02) value obtained from C02-CO equilibrium, which 
supposed to be control the redox potential (15). 

The low f702) value obtained from H20-H2S-SO2 equilibrium could be result either of lack of that 
equilibrium, or the real H2S content near the surface is much more lower than 3 pprn as measured in (4). 
At the condition of CO-C02 equilibrium (log(f702) = -21.33, 0.965 C02, 17 pprn CO) the H2S content 
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was estimated as following: 0.02 pprn at 10 pprn H 2 0  and 60 pprn S02; 0.04 pprn at 10 pprn H z 0  and 
130 pprn S02. 

These content are even lower than values obtained from previous equilibrium models: 0.3 pprn (9, 
0.05 pprn (6),  0.1 pprn (7), 0.08 pprn (15). The redox potential values obtained from SO232 equilibrium 
at the SO2 content 4 3 0  pprn appear to be in accordance with the log(f702)) values, calculated from 
equilibria between C02, CO, COS, and SO2 If SO2 abundance is indeed about 130 pprn (2,9) the 
thermochemical equilibrium concept results to prediction of S2 abundance as high as 0.3 pprn at log(f(02)) 
= -21.33. ~ ' l i l i ' ~ l i i ' ~ l i l l ~ i i i i i l i i i ~  
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of the near-surface atmosphere of 

Venus 
gas mol. ratio f altitude Ref. 
C02 0.965 0.008 040  (10) 
CO 20ppm 3 22 (3) 

12ppm 4 23 (1) 
17ppm 1 12 (9'17) 

COS <3 ppm - >22 (4) 
15ppm - 4 6  (1) 

SO2 185 ppm 43 <40 (3) 
130 ppm 35 4 2  (9) 
130 ppm 40 35-45 (2) 
120 ppm 20 42 (13) 
25 ppm - 0 (13) 
62 ppm +183/-62 <48 (12) 

H20 3.5-15 ppm 0 (1) 
20 ppm - 0 (11) 

H2S 3ppm 2 d o  (4) 
S2 0.02 ppm- 0 (16" I) 

atmosphere of Venus. Groups of gases on the left side of the plot are 
corresponded to the equilibria mentioned in text. Dot line shows 
the redox potential, which is controlled by the C02-CO eqilibrium 
at 17 pprn CO and 0.965 C02. 
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