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Introduction:  Beyond a significant component of 
H2SO4, the composition of the hazes and clouds with-
in Venus's thick atmosphere is poorly understood. 
Sulfuric acid clouds and hazes in the ~ 40-70 km alti-
tude range result from photochemical processes in-
volving SO2 and H2O. An admixture of constituents is 
evident by the surprisingly strong UV absorption ob-
served within this cloud environment, providing evi-
dence of poorly-understood chemical - and possibly 
biotic [1-3] - processes within the clouds. 
 
To understand the cloud chemical  and possibly biotic 
processes, we are developing a lightweight,low-power 
instrument package to measure, in-situ, both (1) the 
local gaseous environment and (2) the microphysical 
properties of attendant Venusian aerosols, including 
their composition and their number density and size 
distributions. This device would be used on future 
aerial missions, including on long-duration (multi-
week) balloon missions and on short-duration (several 
hour) probes to explore the clouds and hazes of Ve-
nus, as well as potentially on missions to other cloudy 
worlds such as Titan, the Ice Giants, and Saturn. 
 
Current requirements include the ability to measure 
mass ranges from 2 to 300 AMU at <0.02 AMU reso-
lution to, for example, measure the component of iron 
chloride (FeCl3 - 158 AMU; [4]) and potential biotic 
species embedded within sulfur acid aerosols. Another 
requirement, based on the expected saturated equilib-
rium concentration of HCl in H2SO4 aerosols near the 
55-km-altitude level [5] is to measure HCl/H2SO4 
with a mixing ratio of 2 x 10-9 to better than 10% in 
less than 300 secs. Solution chemistry of H2SO4 with 
HCl and with its sister hydrogen halides HF and HBr 
[6,7] may produce significant amounts of associated 
sulfonic acids (e.g., ClSO3H, FSO3H, BrSO3H) and 
their daughter products (e.g., SOCl2 and SO2Cl2, 
SOF2, SO2F2 [4, 8]). Other potential species to be 
measured resident on or dissolved within H2SO4 parti-
cles include elemental sulfur polymers comprised 
largely of S8 together with small admixtures of the 
metastable allotropes S4 and S3 [9,10].  
 
The heart of the aerosol mass spectrometer component 
of the instrument package is the Quadrupole Ion-Trap 
Mass Spectrometer (QITMS, [11,12]).The preliminary 
concept involves an inlet aerodynamic lens [13,14] 
together with an adjustable piezo-electric aperture 

that allows only aerosols of a selectable size range 
within an overall range of 0.3 to 3.0 µm radius into 
the QITMS. Upon entering the QITMS, aerosols are 
vaporized by its hot electrode surfaces (~320o C). 
Notably, the elimination of CO2 and other gas species 
provided by the aerodynamic lens increases the trace 
aerosol species concentration by about 4 orders of 
magnitude. As a result, to a precision of 10%, trace 
aerosol species with concentrations relative to the 
expected dominant H2SO4 material of 100 ppb and 2 
ppb (corresponding to about 0.01 ppb and 0.2 ppt 
relative to the ambient atmospheric CO2) can be 
measured to 10% precision in <6 secs and <5 minutes, 
respectively. 
 
As a front end to the aerodynamic lens, we are con-
sidering adding a lightweight, compact nephelome-
ter/particle-counter device being developed at 
LP2CE-CNRS [15]. Evolved from designs regularly 
flown on balloons in recent years [16,17], this com-
ponent will enable the particle number density and 
size distributions to be determined as well, perhaps 
indicating, for example, that aerosols involving unex-
pected molecular species have a distinctly different 
size and number density than typical particles.  
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