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Introduction: Sulfur chemistry is critical to the 
composition of the Venus atmosphere [1]. Due to the 
lack of an ocean, most of sulfur species on Venus 
reside in the atmosphere, attaining concentrations 
~105 times those in the terrestrial atmosphere. Four 
sulfur species have been firmly identified: SO2, SO, 
OCS, and H2SO4 (vapor and in aerosols). Strong ab-
sorption in spectrophotometer data from VENERA 
11 and 12 at 450-600 nm between 10 and 30 km has 
been attributed variously to gaseous elemental sulfur, 
polysulfur (Sx), or SO2. The presence of thiozone (S3) 
and polysulfur in the clouds has been inferred. New 
observations from Venus Express quantify the abun-
dances of key sulfur species and relate OCS and CO 
in the middle atmosphere [3]. 
We now understand that the sulfur cycle on Venus 
consists of  at least two cycles. (1) Above the cloud-
tops, SO2 is oxidized to SO3, leading to the formation 
of H2SO4. In the lower atmosphere SO3 eventually 
reacts with CO to restore SO2 and CO2. (2) OCS is 
the major carrier of sulfur from the surface to the 
middle troposphere, where it is converted to CO and 
Sx. At or near the surface, the reverse reaction occurs, 
resulting in the recombination of CO and Sx to OCS.  

Two Types of Chemistry: The chemical regimes in 
the atmosphere of Venus vary from photochemistry 
in the middle atmosphere to thermal equilibrium 
chemistry in the lower atmosphere and the surface 
[2]. Recent data of OCS and CO from ground-based 
and Venus Express observations provide a unique 
opportunity for advancing our understanding of 
chemistry and transport in the lower atmosphere of 
Venus. The combination of data and modeling pro-
vides strong evidence for the loss of OCS by conver-
sion to CO in the lower atmosphere. The total loss 
rate of OCS in the lower atmosphere is about 23,000 
Tg-S/yr [3]. This is a robust result that does not de-
pend on the details of the model. The surface of Ve-
nus must supply OCS at this rate to maintain the con-
centration of OCS in steady state in the atmosphere. 
The implications for surface chemistry are discussed. 

Equilibrium Chemistry at or near the Surface: 
While the chemistry of sulfur in the atmosphere 
above the clouds is fairly well understood, this is not 
true in the lower atmosphere and at the surface, 
where reactions such as the following have been pro-
posed but are poorly understood [4]: 

                     2(H2SO4 → SO3 + H2O) 
                   SO3 + CO → CO2 + SO2 
                 SO3 + OCS → CO2 + (SO)2 
              (SO)2 + OCS → CO + S2 + SO2 
                   CO + SO2 → CO2 + SO 
 
Net:           2H2SO4 + CO + 2OCS →  
                   2H2O + 3CO2 + S2 + SO2 + SO 
and 
                      CO + (1/n)Sn → OCS 
What are the most stable forms of sulfur species in 
the lower atmosphere? In thermodynamic equilibrium 
at the surface of Venus, the relative partitioning of 
sulfur species is summarized in Table 1. S2 is the 
most abundance Sx species.  

The following reaction has also been suggested [4]: 

 
 S2 + CO  → OCS + S 

It is known that  

 
 S + CO + M → OCS + M 

Together, these two reactions may restore the OCS 
that is lost in the middle atmosphere. 

Table 1.  Relative concentrations of S species in 
mole fractions. The numbers a(-b) read as ax10-b. 
Species Abundance 
       OCS                2.6(-5) 
       H2S                2.8(-7) 
       SO2                1.0(-4) 
       S2O                1.7(-8) 
       S                5.1 (-17) 
       S2                1.7 (-7) 
       S3                5.6 (-10) 
       S4                2.8 (-12) 
       S5                1.0 (-12) 
       S6                4.7 (-14) 
       S7                4.0 (-16) 
       S8                1.0 (-17) 
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Secular Changes in SO2 and H2O above Cloudtops 

Both SO2 and H2O are removed by the formation of 
H2SO4. As H2SO4 aerosols are removed, they repre-
sent a net sink of SO2 and H2O, thereby explaining 
their rapid decrease with altitude. The abundances of 
SO2 and H2O are of the same order of magnitude. An 
excess of H2O would result in the rapid removal of 
SO2 and vice versa. We argue that this mutual control 
of SO2 and H2O serves to amplify any temporal vari-
ability of the Hadley circulation into secular changes 
for SO2 and H2O above the cloudtops. We will study 

~100 (earth) years of GCM runs to examine this  
plausible mechanism for the observed secular 
changes in SO2 and H2O observed by Venus Express 
and previous missions. 
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