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Introduction: Venus is one of the terrestrial planets. 

It has the size and mass similar to Earth, but a very dif-
ferent atmosphere, in which CO2 accounts for 96.5% 
and N2 3.5%, with water vapor/HDO, SO2, SO, COS, 
CO, HCl and HF exist as trace gases with altitude-de-
pendent concentration on the level of ppm or ppb [1, 2]. 
This atmosphere generates ~ 95 bars total pressure and 
~ 730 K temperature at Venus surface.  

Missions to Venus (Mariner, Venera, Vega, Pioneer 
Venus, Magellan, Venus Express, Akatsuki, and Ikaros) 
in past fifty years have greatly enlarged our knowledge 
of Venus. Undoubtedly, sulfur species are among the 
major players in Venus geochemical cycles. Current un-
derstanding is that sulfur chemistry on Venus is mainly 
driven by two processes: photochemistry within and 
above the clouds, and thermochemistry at or near the 
Venus surface [1]. 

However, the past mission data provides only lim-
ited and indirect information. Theoretical modeling has 
guided the interpretation of these limited data [2-3]. La-
boratory experiments have provided some data on reac-
tion rates [4-5]. Based on those, an understanding of the 
sulfur cycle on Venus was built [6]. Nevertheless, de-
tails of the proposed Venus sulfur cycle do not always 
match with mission observations. Many mysteries still 
remain, for example, no detection of SO3 by any Venus 
missions and the unknown UV absorber.  

The gap between theoretical modeling and mission 
observations suggests that there may be chemical pro-
cesses occurring on Venus that are previously unac-
counted for. Electrochemistry driven by electrostatic 
discharge (ESD) is one of the candidates. Lightning on 
Venus was first reported from mission observations in 
the 70’s [7], The most recent evidence for Venus light-
ning was revealed by magnetometer observations on 
Venus Express [8]. 

The electrification of atmospheric species (aerosol 
and ice particle) and dust particles is very much likely a 
ubiquitous process operating on many planetary bodies. 
A general understanding is that the frictional electrifica-
tion (triboelectric charges) tends to result in negative 
charge on smaller grains and positive charge on larger 
grains of similar composition [9-10]. During an atmos-
pheric process, the separation of these particles (or drop-
lets) will generate an active electric field. An electro-
static discharge (ESD) is expected to happen when the 
strength of the accumulated local electric field beyond 

the breakdown electric field threshold (BEFT). The 
BEFT on Mars (~25-34 kv/m, [11-12]) is about 1% of 
the BEFT on Earth (~ 3 Mv/m [13]), mainly because the 
martian atmospheric pressure is < 1% of that of Earth. 
Estimating by the same rule, BEFT on Venus might be 
> 3x102 Mv/m.  

ESD events would generate large quantity of high-
speed-electrons (electron avalanche). When electrons 
colliding with the molecules in Venus atmosphere, CO2, 
N2, etc., they would cause the molecular ionization 
and/or dissociation, resulting positive and negative 
charged ions, plus neutral molecules of new species 
[14]. These charged particles with inherited kinetic en-
ergy may cause electrochemical reactions in atmos-
phere, and at Venus surface.  

To address the Venus mysteries, more missions to 
Venus are desperately needed. On the other hand, ex-
perimental laboratory studies have the potential to open 
a window towards some of these mysteries.  

We report here the startup of an experiment de-
signed to simulate electrostatic discharge (ESD) under 
Venus atmospheric conditions.  

Experiment Setup: As the first step, we built an ex-
perimental setup that realized electrostatic discharge 
(ESD) under one bar pressure (to simulate the Pvenus at 
cloud base), either in air or in pure CO2, in PEACh (a 
Planetary Environment and Analyses Chamber [15]), 
which is shown in Fig. 1.  

We used a power supply PVM500/DIDRIVE10 of 
Information Unlimited, Amherst NH which can produce 
peak-to-peak driving voltage (Vd) in the range of 0-40 
kV, and a frequency (f) in the range of 20-70  kHz. An 
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oscilloscope and a high volt-
age probe (1000x1) were 
used to measure the fre-
quency and voltages (peak-
to-peak voltage Vp-p and 
root-mean-square voltage 
Vrms) of ESD system during 
ESD. A 5 Ohm resistor was 
connected with the 
grounded electrode (Fig. 1), 
and the voltage Vr crossing 
the resistor was recorded by 
a KEYSIGHT U1251B 
multimeter, then the ESD 
current I (in mA) was calcu-
lated. The two electrodes are 
made of stainless steel, with 
a diameter of 1.22±0.02 mm 
(cross section=1.2-1.3´10-6 

m2), which were inserted in 
ceramic tubes (Fig. 1) that 
sustain high temperature (up 
to 1450 ℃) and insulation. The distance of the two elec-
trodes is adjustable (as d in Fig. 1). The ESD picture in 
Fig. 1 was taken through the quartz window on PEACh 
during ESD under one bar  CO2. 

Results and Discussion: Using this system, we 
measured the ESD Vp-p as functions of driving voltage 
Vd from the power supply, of the electrode distance d, 
in air and in CO2, showing in Fig. 2. The dotted vertical 
lines separate two regions: ESD is stable on the right 
when Vd > 26 kV. Apparently, a higher driving voltage 
is required to make ESD stable in pure CO2 atmosphere, 
because N2 in air is easier than CO2 to breakdown.  On 
the other hand, with the same electrode distance d, a 
higher Vp-p is created by ESD in CO2. In the same at-
mospheric composition (e.g., air), the Vp-p increases 
with increased d.  

In this experimental setting, ESD starts when Vp-

p=29.2 kV in CO2 and 27.4 kV in air. The uncertainty in 
d measurement is about ±0.5 mm. At d=6±0.5 mm,  the 
BEFT (Vp-p) is about 4.5-5.3 Mv/m for CO2 and 4.2-5.0 
Mv/m for air at one bar pressure. We will make more 
accurate d measurements later.  

We present in Figure 3 the ESD current I as a func-
tion of driving voltage Vd, at different electrode separa-
tions d, at 20.2 kHz, in air and in CO2. Similar to Fig. 2, 
when Vd > 26 kV, the ESD becomes stable, the current 
I had almost the same value for different electrode sep-
arations (d) in both air and CO2, and the current I in-
creases linearly with driving voltage Vd.  

The electron flux density was calculated from the 
measured ESD current I and cross section of electrodes. 
With driving voltage Vd =36 kV and d=6 mm, the 

corresponding electron 
flux density is at the level 
of 1.25-1.34 and 1.14-1.23 
´1023 electron per (s*m2) 
in air and CO2, respectively. 
This electron flux density 
is three orders of magni-
tude higher than the one in 
our ESD experiment simu-
lating Mars [16], as ex-
pected for the higher at-
mospheric pressure. 

Furthermore, we meas-
ured the ESD Vp-p, Vrms and 
current I as functions of 
frequency (f) in air (Fig. 
4a) and in CO2 (Fig. 4b) at 
driving voltage Vd=36 kV. 
We observed no ESD in air 
when f > 30 kHz. ESD cur-
rent I decreases rapidly 

with f increase, but Vp-p and Vrms increased slowly. At 
same Vd=36 kV, ESD in CO2 stopped at f >25.4 kHz. 

Further Work: We are moving the ESD apparatus 
into a Venus chamber that can maintain Venus atmos-
pheric composition, pressure, and much higher temper-
ature. The next step is to investigate the effects of ESD 
on chemical reactions within the Venus atmosphere, es-
pecially sulfur species, and the interaction with Venus 
relevant minerals. 
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Fig .4 the effect of frequency f on ESD Vp-p, Vrms and I under in air and in CO2 with
a driving voltage at 36 kV.
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Fig. 3 Current as a function of driving Vd,
with different d, in air and in CO2 at one bar,
20.3 kHz.

Fig. 2 Vp-p as a function of driving Vd, with
different d in air and in CO2 at one bar, 20.3
kHz.
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