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Introduction:  Acetylene (C2H2) is one of the most 

abundant photochemical products in Titan’s atmos-
phere [1], and has also been detected on the surface by 
the Huygens probe [2] and through VIMS analysis [3]. 
C2H2 may be linked to the molecular composition of 
Titan’s dunes [4-6] and is a primary candidate for 
comprising the evaporite deposits [7]. Recent identifi-
cations of evaporite-relevant co-crystal formation with 
C2H2-NH3 and C2H2-C4H10 have reinstated the signifi-
cance of C2H2 studies under Titan conditions [8,9]. 

Outside of Titan, C2H2 is the main molecule in the 
production of polycyclic aromatic hydrocarbons 
(PAHs), soot, and carbon dust grains in circumstellar 
envelopes [10], and has also been detected in the gas 
phase near the inner regions of a T Tauri binary star 
system [11]. It is apparent that C2H2 is an important 
molecule in both solar system formation and the evolu-
tion of planetary surfaces and atmospheres. Therefore, 
we sought to study C2H2 in our experimental Titan 
chamber to characterize how it evolves with changes in 
temperature.  

Methods:  All experiments were performed in the 
Titan simulation chamber at the University of Arkan-
sas. This chamber was designed to replicate Titan sur-
face temperature and pressure (89-94 K, 1.5 bar) [12]. 
Over time, the chamber has been specifically custom-
ized to carry out experiments studying evaporite and 
dissolution processes [13,14]. While the chamber de-
tails and experimental protocols are outlined in [12-
14], here we use a modified protocol to work with 
C2H2 in the chamber.  

The boiling and freezing points of C2H2 are close 
(189 and 192 K, 1 atm), which limits the temperature 
range during which C2H2 is in the liquid phase. This is 
critical to our protocol, because if the compound intro-
duced to the condenser freezes before exiting the con-
denser onto the sample dish, then the solenoid valve 
will become clogged, preventing the compound from 
traveling to the dish. To simplify the experimental pro-
tocol, we instead use a “cold trap” method. This in-
volves stopping liquid nitrogen (LN2) flow to the con-
denser, while LN2 cools the rest of the Titan module as 
normal. After the temperature of the sample dish is < 
189 K, we turn on the condenser solenoid valve as 
C2H2 flows through it. This allows for the deposition of 
C2H2 directly onto the sample dish, without clogging 
the condenser solenoid valve. We also use a similar 

protocol for compounds that are liquid at room tem-
perature (e.g. C6H6).  

After a sufficient amount of C2H2 has been deposit-
ed onto the sample dish (Fig. 1), we then terminate the 
C2H2 flow while cooling the sample to ~90 K. For this 
study, we were identifying spectral changes of C2H2 
related to sample temperature, which required slowly 
warming the sample. This was achieved by restricting 
LN2 flow to the Titan module and also using heat from 
the light bulb that sits above the sample dish.  

Fig. 1: Top-down view of sample dish with solid phase C2H2 

covering the dish. Notice the overall white appearance of the 
dish, which is from the Spectralon background material. 
 

Results:  The initial spectrum taken at 89 K is 
characterized by a quadruplet feature from 1.54 – 1.55 
µm and two smaller bands around 1.931 µm (Fig. 2). 
As we slowly warmed the sample, we observed signif-
icant spectral changes. Repeated experiments showed 
the first major change occurring at 142 K (Fig. 2), 
where the band centers were blue shifted by 0.002 – 
0.003 µm and the quadruplet changed into a doublet. 
The 1.931 µm band decreased in reflectance and a 
smaller band appeared. At 145 K, we observed more 
spectral changes, where the double bands changed to 
just a single band centered at 1.547 µm with a drastic 
increase in band depth from ~12% to 40% relative re-
flectance (orange curve, Fig. 3). The prominent 1.93 
µm disappeared, leaving behind a smaller doublet. The 
final band transitions occurred at 152 K. Here, the pre-
viously single band centered at 1.547 µm developed 
into a doublet with peaks centered at 1.521 and 1.529 
µm (Fig. 2). 
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Band depth measurements (Fig. 3) confirm the 
spectral changes observed from Figure 2. At t = 238 
min, all bands decreased in relative reflectance except 
for the 1.548 µm band (Fig. 3), which increased ~10 
fold between t = 232 min and t = 244 min. These band 
depth changes correspond to the temperature changes 
from ~138 K to 145 K. 

 
Fig. 2: FTIR spectra of C2H2 at various temperatures ranging 
from 89 K – 152 K. Notice the change in band shape and % 
reflectance in the 1.5 and 1.9 µm regions. 

 
Fig. 3: Changes in band depth throughout the C2H2 experi-
ment. Vertical, gray boxes denote temperature. Note the 
drastic increase in the 1.548 µm band at 244 min. 

 
Discussion: The band shifts and transformations 

we have observed in our experiments can be explained 
by a transition from an ordered, low temperature, or-
thorhombic form to a disordered, high temperature 
cubic form of acetylene’s crystal structure. At the low-
er temperatures, the C2H2 molecules exist in a smaller 
volume orthorhombic structure where there are few 
thermal vibrations of the molecules. As we warm the 
C2H2 to the slightly larger volume cubic form, the mol-
ecules become rotationally disordered, hence the 
weaker spectral signals. 

Previous studies on pure C2H2 [15-17] have noted 
these changes, however they have been documented at 
slightly colder temperatures (133 K) than what we 

have observed (142 K). The difference in temperature 
may be due to differences in experimental setup or the 
nature of the sample (thin vs. thick film). Therefore, it 
is good to be aware of these differences when studying 
acetylene-bearing materials up close.  

For example, Titan’s equatorial dunes have been 
hypothesized to have a C2H2 component [4-6]. The 
recently selected Dragonfly rotorcraft [18] will land in 
and study these dunes up close. Additionally, the pres-
ence of crystalline C2H2 in Titan’s lower stratosphere 
has been suggested [19]. Our measurements could be 
used to search for C2H2 in Titan’s clouds to better con-
firm these suggestions. 

Conclusions: C2H2 is an important molecule to 
study in the context of Titan and elsewhere in the uni-
verse. We have characterized C2H2 spectral changes 
with temperature in our Titan surface chamber setup, 
however these results could be applied to a variety of 
planetary environments. Our results show that the 
change from an orthorhombic to cubic structure occur 
at warmer temperatures than what has been reported in 
the previous literature. Our next steps are to use Ra-
man spectroscopy to further characterize these struc-
tural changes of C2H2 and other Titan-relevant mole-
cules. We will also study C2H2 in mixtures of CH4 and 
C2H6 to simulate Titan’s lakes and seas and determine 
if C2H2 may be a candidate for Titan’s evaporites.  
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