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Introduction 

Saturn’s moon Titan possesses a thick atmosphere 

that is mainly composed of N2 (98%), CH4 (2% overall, 

but 4.9% close to the surface) and trace species, mostly 

hydrocarbons [1]. According to photochemical models, 

the dissociation of N2 and CH4 forms a plethora of 

complex hydrocarbons and nitriles in the atmosphere. 

In particular, models predict a net creation of Acety-

lene (C2H2) approximately 125-2000 times larger than 

for any other hydrocarbon and nitriles produced in the 

atmosphere [2,3]. Most of the photochemical com-

pounds from the atmosphere may settle onto the sur-

face in their solid form [4,5]. The identification of spe-

cific compounds on the surface is challenging due to 

the hazy, methane -rich atmosphere that scatters and 

absorbs solar radiations, veiling the surface of Titan at 

visible and infrared wavelengths, except at seven at-

mospheric windows centered at 0.93, 1.08, 1.27, 1.59, 

2.01, 2.7-2.8 µm (where the atmosphere is partially 

transparent), and 5.0 µm [6] (where the atmosphere is 

mostly transparent). Thus, the composition of Titan 

surface remains difficult to assess from orbit and is still 

poorly constrained.  

 

A recent detection of C2H2 on the surface of Titan 

by detecting absorption bands at 1.55 µm and 4.93 µm 

using Cassini Visual and Infrared Mapping Spectrome-

ter (VIMS) at three different equatorial areas – Tui 

Regio, eastern Shangri-La, and Fensal-Aztlan/Quivira 

(Fig. 1) [7]. We found that C2H2 is preferentially de-

tected in low albedo areas, such as sand dunes and near 

the Huygens landing site. The specific location of the 

C2H2 detections suggests that C2H2 is mobilized by 

surface processes, such as surface weathering by liq-

uids through dissolution/evaporation processes (Fig. 1). 

 

In all VIMS spectra of Titan, a spectral feature ex-

ists at 1.55 µm, where C2H2 absorbs also, thus atmos-

pheric absorptions can easily be mistaken for the C2H2 

absorption band. However, our we recently took a IR 

spectrum of Titan aerosols (tholins) and noticed an 

absorption band at 1.55 µm. These absorption bands 

are caused by first overtone of N-H stretch. In order to 

evaluate the impact of C2H2 along with Titan tholins at 

the surface of Titan, we performed a set of experiments 

to understand the evolution of acetylene 1.55 µm ab-

sorption band with respect to tholins concentration.  

 

Figure 1: A global map of Titan’s surface with footprints of 

acetylene detection. 1: The Fensal-Aztlan/quivira region; 2 & 

3: Tui regio. B & C) VIMS images of above area at 2.0 µm 

and band depths at 1.5 & 4.93 µm respectively.  

 

Experiments: In this work, we will present the results 

of laboratory experiments examining the spectroscopic 

signatures of a the mixture of both C2H2 and laboratory 

analogs of Titan’s aerosols (Titan's tholins). Experi-

ments were performed in the Titan's simulation cham-

ber of the W.M Keck laboratory at the University of 

Arkansas, at temperatures relevant to Titan's surface 

(90-94 K) and under a pressure maintained at 1.5 bar 

N2 atmosphere. The optical behavior of the sample 

was monitored via FTIR spectroscopy, in the near-

infrared from 2.5 to 1.0 µm (4000-10000 cm-1). 

 

Production of Tholins: Titan’s aerosols laboratory 

analogs (tholins) will be produced in Titan’s atmos-

pheric conditions by simulating the chemical reactions 

occurring in the upper atmosphere of Titan (altitude > 

250 km) triggered by the dissociation of methane and 

nitrogen by the charged particle irradiation from the 

Saturnian magnetospheric electrons and cosmic rays. 

Charged particle radiation will be recreated using a 

cold plasma irradiation (DC glow discharge). The cold 

plasma in such experiments involves no  
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Figure 2. Tholins synthesis. A. We will use a modified DC plasma unit to synthesize tholins from N2-CH4 gas mixtures at dif-

ferent ratios. Pressure is continuously monitored to ensure we match Titan conditions (gages on each side of the glass container). 

B. The samples are synthesized in the glass cylinder on top of the unit and appear as a brownish orange deposit (after 72 hours). 

The tholins are deposited directly on spectralon (left) or glass slides (right). Bottom: Spectral properties of tholins synthesized 

using our plasma discharge apparatus (Task 2). A. Near infrared (1 to 2.5 µm) and B. Mid-infrared (2.5 to 25 µm) compared to 

spectra of tholins synthesized at AMES (Nna-Mvondo et al., 2013.). The spectra show strong similarities in shape, band positions 

and depth making our tholins excellent analogues of other Titan aerosols simulants. 

 

sparks and is a process very similar to that which oc-

curs along, and at the termini of, charged particle 

tracks. During such cold plasma generation, the elec-

trons are highly super thermal, but the neutral mole-

cules and ions remain near room temperature. Thus, 

cold plasmas simulate in the laboratory electron and 

proton irradiation. 
 

Results: Initially we started by measuring the im-

pact of atmospheric tholins on this particular band. We 

performed a different set of analysis to measure the 

maximum band depth by the atmosphere at 1.55 µm 

using VIMS observations. We use several different 

specular reflection observations over northern lakes 

with high incidence and emergence angles. Using 

specular reflection allows us to measure the maximum 

light absorbed by the atmosphere. In specular reflection 

lakes acts like a mirror in which incoming light is re-

flected into outgoing direction covering atmosphere 

both ways. Some of the light will be absorbed by the 

lake, but presence of solid C2H2 in Titan lakes is highly 

unlikely and will not affect the 1.55 µm absorption 

band. After analyzing several observations of specular 

reflection, we concluded that the maximum absorption 

due to the atmosphere is ~ 7%. Considering 3 times 

uncertainty, the atmosphere absorption at 1.55 µm is 

far below a detection threshold band depth of 50%. 

Absorption band depth values greater than 0.3 can only 

be reached if some amount of C2H2 is present on the 

surface, regardless of the albedo. 

The acetylene absorption bands are discussed in 

Singh et al., 2016 paper. Currently, we are analyzing 

and defining the baseline for the absorption bands of 

acetylene and tholins individually. Our future work will 

allow us to mix the sample with in the simulation 

chamber and determine the evolution of 1.55 µm ab-

sorption band. We expect to see a linear dependency 

between two until the saturation is reached. Please stay 

tuned for the results from the mixtures as our experi-

mental approach and its resulting data are relevant in regards 

to current VIMS observations of Titan’s lakes.  
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