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Introduction: Understanding the composition of 

the lowest portion of Venus’ atmosphere is essential to 
knowing the stable mineralogy of the rocks there. Oxy-
gen gas is a critical trace component, with fugacity 
(ƒO2), or partial pressure, estimated in the range of 10-

19 to 10-24 from early probe measurements down to 22km 
altitude [1, 2], chemical equilibrium measurements, and 
other modeling. “FireƒOx” is a simple oxygen fugacity 
sensor with the express purpose of determining the par-
tial pressure of oxygen in hot atmospheres such as exist 
at the the lowest scale heights of the Venus, where the 
atmosphere and surface move to thermodynamic equi-
librium. Knowledge of ƒO2 at the surface-atmosphere 
interface is crucial to determining the stable mineralogy 
of surface materials (e.g. magnetite vs. hematite) and 
gas chemistry in the near-surface atmosphere. The 
FireƒOx design reference sensor shows promise for di-
rect ƒO2 measurement on potential upcoming Venus in-
situ and other deep atmosphere probes. 

Science Objective: Knowledge of the atmospheric 
composition very near the Venus surface is required for 
assessing the stable mineralogy of the rocks present 
there (Figure 1). FireƒOx is designed to provide a direct 
measurement of oxygen partial pressure, constraining 
the stability zones of surface mineralogy. FireƒOx 
measurements would be used to determine ƒO2 below 
the clouds in the Venusian atmosphere, especially the 
lowest few hundreds of meters above the surface, where 
the atmosphere should be well-mixed and in thermody-
namic equilibrium with the surface.  

 
Figure 1. Stable iron-bearing mineral assemblages as a 
function of ƒO2 for the surface of Venus. Orange zone 
shows ranges of elevation-dependent surface tempera-
tures. Red zone shows range of estimated ƒO2 at sur-
face. Adapted from [2]. 
 

Oxygen in the lower atmosphere of Venus is con-
trolled by the CO-CO2 chemical equilibrium. At mean 
planetary radius and temperature of ~740 K, ƒO2 is cal-
culated to be ~ 10-21.5 bars [1, 2]. Lower actual CO val-
ues at the surface (i.e. below the 20 ppm measured at 22 
km), oxygen fugacity would be higher. Observational 
and theoretical constraints suggest a CO abundance of 
3-20 ppm at the surface of Venus [1], thus a plausible 
range of oxygen fugacity would be ~10-19 bars to ~10-24 
bars. 

Direct measurement of ƒO2 would also improve un-
derstanding of the carbon gas chemistry in the lower at-
mosphere of Venus. Changing gas chemistry beyond 
(but affected by) oxygen might change predicted min-
eral stability regimes, and thus mineral phases present 
presented at the surface of Venus [1]. Direct measure-
ment of the partial pressure of oxygen would provide 
robust constraints on gas chemistry and surface mineral 
stability, and confirmation of carbon gas measurements 
obtained by other methods. 

Sensor Principle: FireƒOx is a ceramic oxygen fu-
gacity sensor intended to be mounted on the outside of 
a Venus descent probe, with electronics housed inside a 
thermally controlled environment. Reference material 
of a known ƒO2 (sample atmosphere/known oxide), 
(Figure 2) is separated from the ‘sample’ ambient air by 
a solid electrolyte (e.g. a ceramic barrier) with elec-
trodes on reference and sample sides. The ƒO2 differen-
tial between the known and unknown materials causes a 
diffusion of oxygen through the electrolyte, resulting in 
a small, measurable voltage.  

 
Figure 2. Sensor Principle 

 
FireƒOx is a primary sensor which, following Nernst 

equation, directly relates the potential generated by the 
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diffusing oxygen atoms through the sensor to ƒO2 via 
the equation: 

 E = RT/4F ln(PO2/PrefO2)  
where E = open circuit potential across the sensor elec-
trolyte, R = universal gas constant, T = temperature, F 
= Faraday constant, PrefO2 = reference oxygen pressure, 
and PO2 = unknown oxygen pressure of the outside en-
vironment.  

Design Reference Sensor: The design reference 
sensor is composed of custom, Yittria-ZrO ceramic 
electrolyte, with an encapsulated PdO standard and pat-
terned Pt electrodes (Figure 3). 

 
Figure 3. Prototype construction. A) Top disc with Pt 
electrode and B) middle ring cut from ceramic 
tube/dowel. C) First bond, showing electrode on under-
side of top disc. D) PdO powder standard fills disc. E) 
Bottom sensor bonded, and finished sensor “sandwich” 
fired at 1100K. F) Pt/Au allow lead attached to finised 
sensor.  
 

The FireƒOx prototype was initially tested at the 
Goddard Space Flight Center Venus Environment Test 
Chamber. The firs ttest was a multiple hour functional-
ity test, where a primarily CO2 Atmosphere (approxi-
mately 95% CO2, 5% N2, and <1% O2) was brought to 
465°C (738 K) and 92 bars of pressure for a number of 
hours. The sensor voltage rose with temperature, pro-
ducing linear behavior above 390°C (Figure 4). 

The pilot experiment shows a linear decrease in ob-
served voltage for the ~1 hour of stable maximum tem-
perature of the experiment. This may indicate a slight 
pressure leak in the chamber (resulting in a very slight 
pressure decrease over the experiment duration), or the 
need for a bake-out period for the sensor.  

 
Figure 4. Initial test of design reference sensor. Black 
curve is pressure (PSI), far right axis. Red curve is tem-
perature (°C) Blue curve is measured potential across 
the sensor in millivolts, left axis. After heating, P and T 
were held stable for about an hour before logging was 
interrupted at ~4 hours. Late measurements were dur-
ing cooling phase of experiment. 
 

Roadmap: Follow-on tests for the Design refer-
ence sensor include a longer duration high temperature 
test (multiple hours at Venus temperature and stable 
pressure) do determine when the change of voltage with 
time at target temperature stabilizes. Additionally, tests 
at varying ƒO2 will constrain the voltage measurement 
sensitivity requirements for an operational instrument. 

Time and resources permitting, maximum opera-
tional range, full range sensitivity, and real-time atmos-
pheric descent simulation tests will determine potential 
latency or other calibrations, and final requirements for 
integration into a sensor instrument package. 

Design refinements, such as thinning of the electro-
lyte layer, increase in electrode surface area, and/or ad-
dition of a controllable heating loop to the sensor could 
enable functionality in atmospheric environments with 
lower temperatures (e.g. Titan and cooler regions of gas 
giant atmopheres). 
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