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Introduction:  Aeolian landforms have been observed 
on various planetary bodies with solid surfaces, despite 
the diverse environmental conditions and transporting 
materials on these bodies. For the inner solar system 
bodies (Venus, Mars, Earth), the main transporting 
materials are silicate sand, while it is mainly ices or 
organics transporting on the surfaces of outer solar 
system objects (e.g., Titan, Pluto, Triton). 
        One of the important parameters to characterize 
for aeolian sand transportation is the threshold wind 
speed, the minimum wind speed to saltate particles. 
The threshold wind speed can be derived by a force 
balance between gravity, wind drag and lift forces, and 
the interparticle forces [1]. Gravity and wind drag and 
lift forces are mostly affected by the environmental 
conditions such as gravity and atmospheric density, 
while the interparticle forces are not only affected by 
environmental conditions, but also intrinsic material 
properties such as surface energy, surface chemistry 
and functional groups. 
        The interparticle forces for wind-blown sand in-
clude van der Waals forces, capillary forces due to 
condensed liquid, and electrostatic forces. Yu et al. [2] 
used atomic force microscopy (AFM) to directly 
measure the interparticle adhesion between Titan aero-
sol analog tholin particles, and they found out that the 
adhesion between tholin particle are larger than be-
tween silicate sand and analog materials used in the 
Titan Wind Tunnel. The above experiments mainly 
focused on measuring interparticle forces including 
van der Waals forces and capillary forces, while the 
contributions from the electrostatic forces are small. 
        In large-scale aeolian dune settings, the saltating 
grains are constantly colliding and rubbing against 
each other, which could induce electrostatic forces by 
contact electrification (through materials contact and 
separation) and tribocharging (through rubbing of ma-
terials during contact). Both charging processes depend 
on the physical and chemical properties of the charging 
materials, environmental conditions (e.g. temperature 
and relative humidity (RH)), and the nature between 
the contacting surfaces such as contact geometry and 
surface roughness. 
        Electrostatic forces act for a much longer range 
compared to van der Waals forces, and thus could af-
fect both the initiation of sediment entrainment (the 
threshold wind speed) and particle trajectories after the 
sediments are lifted off of the surface. Furthermore, 
charged particles injected high in the air could form 
strong electric fields with particles near the surface, 

and would further alter the trajectories and charging 
properties of the saltating particles [3, 4].  
        Sand electrification has proven to be an important 
process for wind-blown sand on Earth, Mars, and po-
tentially regolith on the Moon [e.g. 5, 6]. Harper et al. 
[7] measured electrified organic Titan sand analogs 
using a faraday cup and they found higher maximum 
charge densities for the organic sand analogs in a dry 
atmosphere (RH<1%) compared to silicate sand in a 
humid atmosphere (30%<RH<40%). 
        However, the above experiments used only simple 
organics as Titan sand analogs including naphthalene, 
biphenyl, and polystyrene, while an experiment that 
uses the Titan aerosol analogs, tholin, which could be 
the precursor of Titan sand by coagulating into bigger 
sand-sized grains, is needed to fully characterize the 
whole spectrum of Titan sand charging abilities. 

  
Methods: The difficulty with using tholin is the 

that this material is usually produced in low yields [8], 
prohibiting its use in bulk studies. Here we used a nov-
el colloidal AFM technique to mesure electrostatic 
forces between single particles so we can accommo-
date tholin’s small material volume.  

In this study, in order to reduce the effect of local 
surface roughness and geometry, we used smooth 
spherical spheres (both bare or coated with other mate-
rials) and flat smooth surfaces for our measurements. 
All the meaurements were done under dry conditions 
(RH<1%). A control of contacting geometry and envi-
ronmental conditions can enhance the differences from 
the physical and chemical nature of the materials. 

Soda lime glass microspheres of size 50-100 µm 
were first acid-washed and dried. To produce the tholin 
coated microspheres and surfaces, we used the Plane-
tary HAZE Research (PHAZER) experimental system 
at JHU. Tholin was deposited homogenously on the 
acid-washed microscpheres and cleaved mica discs in 
the PHAZER chamber (5% CH4/N2, ~100 K, glow 
plasma discharge, [8]). We also made naphthalene 
coated microspheres by dipping them into naphtha-
lene-acetone solution and then dried for 30 minutes. 

With the precise control of both lateral and vertical 
movements of the AFM, we can accurately character-
ize the process of contact charging and tribocharging 
individually. For contact charging, we used the colloi-
dal probe to repeatedly contact the substrate in the 
normal direction by taking force-distance curves. For 
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tribocharging, the colloidal probe was scanned over a 
10 µm×10 µm area for 256 lines using contact mode 
imaging. Immediately after the scanning was complet-
ed, a series of force curves were collected between the 
colloidal probe and the substrate. We tried different 
scan speeds from 0.5 Hz to 10 Hz, which are equiva-
lent to between 10 µm/s to 200 µm/s with a total dis-
tance of 5.12 mm. 

After the charging experiments, the colloidal 
probes were imaged using scanning electron microsco-
py (SEM) to examine surface conditions. 

Results: Charging between naphthalene surfaces: 
Fig. 1 shows the force curves taken between a coated 
naphthalene microsphere and a coated naphthalene 
surface, before and after charging (contact charging). 
We were able to generate strong long-range electrostat-
ic attraction by just continuously contacting the two 
surfaces. Tribocharging would strongly charge naph-
thalene as well after rubbing the two surfaces. As 
shown by the approach curves, after charging, the 
jump-in forces became two fold bigger and have long-
er range compared to before charging. Note that the 
pull-off forces also increased after charging, which 
suggests electrification may also enhance cohesion 
between materials. 

Charging between tholin surfaces: Fig. 2 shows the 
force-distance curves taken between a coated tholin 

sphere and a smooth tholin coated surface, before 
charging, and after charging (tribocharging). Tholin 
did not generate any long-range electrostatic forces 
with both charging methods, contact charging and tri-
bocharging. We tried a series of scan speeds (from 0.5 
Hz to 10 Hz) and scan size (10 µm×10 µm to 
50 µm×50 µm), but we were not able to generate any 
long-range electrostatic attraction between tholin sur-
faces. Note that in Fig. 2 the pull-off forces after 
charging is bigger than before charging, and we attrib-
ute that to a difference in contact area or surface 
roughness after rubbing, since we have seen pull-off 
forces increase or decrease after rubbing, but we have 
not seen any long-range jump-in forces so far. We also 
did not generate any electrostatic attraction between 

glass sphere and glass surface. But glass would charge 
with mica after tribocharging. Table 1 summarizes all 
the material charging capacities we have tested so far. 

 
Table 1: Summary of material charging capacity. 

Material Contact 
Charging  Tribocharging  

Glass-Glass No No 
Glass-Mica  No Yes 

Tholin-Tholin No No 
Naphthalene-
Naphthalene Yes Yes 

 
Discussion: Our study indicates that the charing 

abilities of Titan sand may have a wider range than 
previously expected: simple organics like naphthalene 
charge very easily, repeated contacts will do the work; 
while complex organics like tholin so far did not gen-
erate any detetable electrostatic attraction after even 
the most violent rubbing the instrument is capable of. 

However, spectrally dark dunes on Titan are not 
likely to be made of mainly simple organics, since 
most of the simple organics are spectrally bright. A 
darker, more complex analog like tholin would be a 
better candidate for Titan sand. If that’s the case, our 
study would suggest that Titan sand may be unlikely to 
be formed by electrostatic cogulation from the aerosol 
particles, while high cohesion between the material 
would instead be more viable [2]. Also, the stickiness 
of the organic sand on Titan is probably caused by 
strong van der Waals forces [2] instead of electrostatic 
forces generated by tribocharging. In other words, tri-
bocharging may not significantly increase the thresh-
old wind speed on Titan. 
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Figure 1: Force-distance curves between two naphthalene 
surfaces before and after contact electrification. 

Figure 2: Force-distance curves between two tholin surfaces 
before and after tribocharging. 
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