
SIMULATION EXPERIMENTS ON  ELECTROCHEMICAL EFFECTS OF VENUS LIGHTNING.   

Hongkun Qu1,3, Alian Wang1, and Elijah Thimsen2,1Dept. of Earth and Planetary Sciences and the McDonnell Center 

for the Space Sciences, 2McKelvey School of Engineering, Washington University in St. Louis, One Brookings Drive, 

St. Louis, MO, 63130, USA. One Brookings Drive, St. Louis, MO, 63130, USA. 2Shandong Key Laboratory of Optical 

Astronomy and Solar-Terrestrial Environment, School of Space Science and Physics, Institute of Space Sciences, 

Shandong University, Weihai, Shandong,264209, China. (hongkun.qu@wustl.edu ). 

 

Introduction:  As one of the three terrestrial planets 

with an atmosphere (Venus, Earth, Mars) in our solar 

system, Venus owns the densest atmosphere (with a 

pressure of  ~95 bars at surface) in which two main 

gases CO2 and N2 account for 96.5% and 3.5%,  

respectively. Chemically reactive trace gases, e.g. 

H2O/HDO, SO2, SO, COS, CO, HCl, and HF, exist with  

trace concentrations (on the level of ppm or ppb) at 

different altitudes [1, 2].  

From previous Venus mission observations, we 

have accumulated knowledge about Venus, and 

developed an understanding that sulfur species play 

important roles in venusian geochemical cycles. Two 

commonly accepted processes affecting sulfur 

chemistry are photochemistry and thermochemistry [1].    

Owing to the limited information obtained by past 

missions to Venus, many theoretical models [2-3] and 

laboratory experiments [4-5] have been developed to 

help with the interpretations of mission observations, 

and to provide further constraints on the implications of 

the  data. For example, models of sulfur cycles on Venus 

have been proposed [6]. Nevertheless, it is still difficult 

to match in detail the proposed Venus sulfur cycle with 

the mission observations. 

For example, SO3 was 

not detected by any 

missions to Venus but 

should exist based on 

theoretical modeling. 

One of the mysteries is 

the origin of a second 

UV absorber in cloud 

layers of the venusian 

atmosphere. 

On the other hand, 

lightning on Venus was first reported from mission 

observations in the 1970s [7]. Recently, more mission 

observations (optical and electric) have been regarded 

as evidence of lightning on Venus, as listed in table 2 of 

[8]. If Venus lightning does  occur, a variety of 

electrochemical reactions, driven by electrostatic 

discharge (ESD) during lightning, could exist on 

Venus, which might explain some of the differences 

between models and mission observations.  

In the venusian atmosphere,  aerosols, ice particles, 

and dust particles can be electrified by friction or 

impacts induced by atmospheric convection, which 

seems to be a universal process on the other planets with 

an atmosphere (Earth and Mars), and even on the gas 

giants. Frictional electrification (triboelectric charges) 

is generally thought to make smaller particles (or 

droplets) have negative charge and larger ones with 

similar composition have positive charge [9-10]. 

The separation of charges induced by atmospheric 

processes will generate an active electric field. As the 

accumulated local electric field exceeds the breakdown 

electric field threshold (BEFT), electrostatic discharge 

(ESD) is expected to happen. The BEFT is strongly 

dependent on atmospheric pressure. For example, Mars 

has a BEFT around ~25-34 kv/m, [11-12], which is 

about 1% of Earth’s BEFT(~ 3 Mv/m [13]). This 

difference in threshold can be explained by the fact that 

the martian atmospheric pressure is < 1% that of Earth. 

For the same reason, the BEFT on Venus’s surface 

should be much higher, > 3x102 Mv/m.  

ESD events could generate large quantities of high-

speed electrons (electron avalanches) that could impact 

and ionize the gas molecules in Venus’s atmosphere, 

CO2, N2, SO2, H2O, etc., and generate further  positively 

and negatively charged ions, plus neutral molecules of 

new species [14]. Electrochemical reactions would be 

driven by these 

charged 

particles in the 

atmosphere and 

/ or at the 

surface of 

Venus. 

Here, we 

report progress 

(since the 2020 

LPSC, [17]) in 

experimental development to simulate 

electrostatic discharge (ESD) under Venus atmospheric 

conditions.  

Experimental Setup:  The   newly developed 

experimental setup is shown in Figure 1. Our Venus-

ESD-Chamber (VEC) contains three subsystems with 

different functions:  

(1) A cylindrical Venus chamber (made of ceramics) 

with P, T, and C monitoring and control,  whose highest 

temperature can reach up to 1300℃, higher than the 

temperature of Venus’s surface, 462℃ (Fig. 2 shows its 

T profile). Gaseous mixtures can be made using  two gas 
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Fig. 1 Scheme of experimental setup
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flowmeters, with gas 

pressure fine-tuned via 

vacuum pump, pressure 

gauge, and a set of 

valves.  

(2) ESD apparatuses 

are inserted into an end-

flange of the cylindrical 

VEC.  The two 

electrodes (stainless 

steel, 1.20.02 mm 

diameter) were armored 

by two ceramic tubes 

(Fig. 1) that can sustain 

high temperature (up to 

1450 ℃) and maintain 

electrical insulation. 

The distance of the two 

electrodes in the VEC is 

kept at 4.890.03 mm.  

The electric power 

supply and the devices 

for voltage, current, and 

frequency measurements 

were pre-tested during an 

early experiment in the  

PEACh, where ESD at 1 

bar CO2 was successfully 

generated [17].  

(3) Three optical 

sensors were installed 

outside of the VEC, 

looking through an SiO2 

window on the second 

end-flange of  the VEC, in 

order to catch the images, the plasma, and the Raman 

spectra of generated ESD and ESD products in the VEC.  

Results: We successfully generated ESD in the VEC 

using the new experimental setup, with  air pressure up 

to 1010 mbar. We noticed that BEFT increases steeply 

with pressure, and higher driving voltage (Vd) is needed 

to start ESD at higher pressure (Fig. 4a).  

Figure 3 shows the ESD current I (mA) and Vrms 

(kV) as functions of Vd (kV), at 10, 350, 700, and 1010 

mbar air pressure. Apparently, the ESD current (blue 

curve) monotonically increases with increasing Vd, 

while the ESD voltage Vrms (orange curve) varies 

differently. The Vrms curves tend to have similar 

variations at 10 and 350 mbar,  i.e., a small decrease at 

Vd < 10 kV , and then  monotonic increase. At 700 and  

1010 mbar,  Vrms experienced a sharp drop near ~ 20 kV 

(Vd), then continued a slow decrease following the 

increase of Vd. These data suggest a sudden and then 

continuous increase of electrical 

conductivity in air, which could be 

caused by increased ionization of 

air molecules at higher air pressure.  

The changes in ESD Vrms & I 

vs Vd  are also reflected in the color 

and the brightness of ESD images 

in the VEC (Fig. 4, c, d, e, f). 

ImageJ-Fiji was used to quantify 

the luminescence of ESD photon 

emissions at different air pressures. 

From Figure 4(b), we can conclude 

that luminescence increases with 

the increase of Vd, indicating  the 

radiation of more light by ESD 

processes at high P and high Vd. 

The changes of color of these 

images correspond also to the 

changes in ESD emission spectra. 

Additional details will be reported 

at the VEXAG meeting.   

Future work: A second and 

third set of ESD experiments will 

be conducted in pure CO2, in SO2, 

and in gaseous mixtures. Our goal 

is to develop an improved 

understanding of the observed 

ESD process and its products.  
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Figure 2 . Photo of VEC within a furnace (a) and its T profile (b)

(a) (b)

Fig. 3. The ESD current I and Vrms as functions of driving

voltage (Vd) under different air pressure.
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