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Titan’s Interior Water Oceans"
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Earth-Like Photochemistry on Titan?"

Karkoschka et al., PSS 60 (2012)342  

Maximum Wavelength on Titan shifted to 700 nm 
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Habitability is the Potential,  
not the Proof for Life"

Habitability is the Potential for  
an Environment to Harbor  
Life IF it were to exist there."

"
Let’s first understand the Physical,  

Chemical, and Geological conditions of a 
Body before talking about its Habitability!"
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Is	  Titan’s	  atmosphere	  photochemically	  	  
more	  ac3ve	  than	  thought	  before?	  

Gas-phase 

Condensed Ices 

Condensed on Aerosols 

Condensation of small and medium molecules 

Gudipati et al., Nature Communications 4(2013)1648 

Photochemistry in Lakes on the Surface 
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Dipole Moment 
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The Molecules of Titan "
Couturier-Tamburelli, Piétri, Gudipati; A&A 578, A111 (2015)  
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Polar Molecules Ice and Clouds first in 
Titan’s Atmosphere"

NCCCCN 
165 K (0D) 

HCCCCCN 
175 K (~4D) 

Couturier-Tamburelli, Piétri, Gudipati; A&A 578, A111 (2015)  

Similar  
molecular  

weight 
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Titan – Altitude vs. Photochemistry"

VUV 

VIS 

VIS-IR 

Couturier-Tamburelli, Piétri, Gudipati; A&A 578, A111 (2015)  
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Production of Organic Solid 
Through Photochemistry 
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Titan’s Condensed Aerosol Chemistry"

Exciton States 

Theore&cal	  
Background	  

	  
In	  the	  Condensed	  

Phase	  	  
	  

•  Weak	  transi&ons	  become	  
stronger	  

•  Exciton	  interac&ons	  lead	  to	  
new	  electronic	  states	  with	  
lower	  excita&on	  energy	  
(longer	  wavelength)	  

Increasing	  	  
Wavelength	  	  

Condensed-phase photochemistry can occur 
at longer wavelengths than in the gas-phase 

Couturier-Tamburelli, Piétri, Gudipati; A&A 578, A111 (2015)  
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TOAST	  Lab	  for	  Prebio3c	  Photochemistry	  on	  Titan	  

The	  Titan	  Organic	  Aerosol	  Synthesis/Spectroscopy	  and	  
chemisTry	  (TOAST)	  Lab	  @JPL	  
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Spectroscopy and Photochemistry Setup"

laser 
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Longer Wavelength Photopolymerization"

355 nm 

266 nm 

Gudipati et al., Nature Communications 4(2013)1648 

C4N2 Ice 

Dicyanoacetylene (C4N2) – detected in Titan’s Atmosphere by Anderson & Samuelson 
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Photochemistry: A one-photon process  
(Titan’s Conditions)"

ONE  
Photon 

TWO  
Photon 

Products 

Products 

One Photon Yields = k1*(laser flux) 
Two Photon Yields = k2*(laser flux)^2 

160/50 = 3.2 (1-photon) 

(160/50)^2 = 10.24 (2-photons)  

1.45E-4/4.6E-5 = 3.15 (observed) 
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Comparison with Cassini CIRS/VIMS Data"

Coutier-Tamburelli, Gudipati et al., Icarus 234 (2014) 81–90 

VIMS: Ratio of NH/CH at 2.8 to 3.5 microns (3500 – 2800 cm-1) is very small  indicating 
depleted NH in the condensates of Titan’s stratosphere. "

Could this be due to dominant hydrocarbon ices compared to aerosols or upper 
atmosphere photochemistry?"
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Expected UV-VIS Absorption of  
Ice, Haze, and Surface on Titan"

C4N2 
Monomer 

similar extinction 
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Earth-Like Photochemistry on Titan?"

Karkoschka et al., PSS 60 (2012)342  

Maximum Wavelength on Titan shifted to 700 nm 
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Organic Polymer 
(Nitrogen containing) 

When meets with H2O 
Gives Biomolecules 
(Essential for Life?) 
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Production of Prebiotic Molecules from 
Analogs of Titan’s Complex Organics"

Titan’s atmosphere is depleted of oxygen (and water) 
Surface may have water-ice in contact with organic liquid and solid 

Subsurface is expected to have large reservoirs of water  

Formation of Amino Acids and Nucleobases 
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Production of Prebiotic Molecules from 
Analogs of Titan’s Complex Organics"

Formation of Nucleobases 
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Production of Prebiotic Molecules from 
Analogs of Titan’s Complex Organics"

Formation of Amino Acids and Nucleobases 
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Production of Prebiotic Molecules from 
Analogs of Titan’s Complex Organics"

Formation of Amino Acids and Nucleobases 
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Production of Prebiotic Molecules from 
Analogs of Titan’s Complex Organics"

Formation of Long-Chain Primary Amines 
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Take Home Message"

Titan is not a sleeping Giant anymore 

!  Titan’s atmosphere and surface is photochemically 
active though a couple of orders slower than on 
Earth. 

!  In the presence of water-ice, photochemistry 
could lead to the formation of prebiotic 
molecules (amino acids and nucleobases) on 
Titan’s surface and transported to subsurface 
water oceans that could be Habitable. 
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Lower the Altitude – longer the Wavelength of Solar Photons 

Solar Photons and Titan’s Atmosphere"

Molecules on Titan are capable of harvesting solar 
photons throughout its atmosphere and on the surface 

to form complex organics capable of supporting life 



28 

Titan Subsurface Oceans: Habitable?"

If this Titan’s surface boulder were to be water-ice coated with  
organic solid and exposed to >350 nm solar photons, then 

building blocks of life would be formed here and transported into 
the interior water oceans – a habitable environment."
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Cosmic Rays vs. Solar Photons"

Cosmic Rays are 
NON-Selective with respect 
to the species interacting.  
They interact with highest 
abundant species:  
N2, CH4, C2H6 etc. 
in Titan’s atmosphere. 
 
Longer-wavelength photons 
ARE selective. They do not 
interact with the abundant 
species if there is no 
absorption of these photons. 
They can interact with less 
abundant aerosols and ices 
more effectively. 
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Photons vs. Cosmic Rays  in Titan’s Lower 
Atmosphere"

Solar photons reaching Titan: 
 ~1015 photons cm-2 s-1 (~200 nm to 650 nm) 
 
If 10% of these photons make it to the main haze layer (temperature 

<100 K), and cause condensed-phase photochemistry at 10-4 
efficiency, then we will have: 

 
1015 X 10-1 X 10-4 = 1010 photochemical events cm-2 s-1. 
 
Compared to a maximum of 101 ionization events cm-3 s-1 caused by 

cosmic rays. Maximum effective aerosol/ice ionization below 500 
km: 10 X 10-2 X 500 X104 = 5 X 105 events cm-2 s-1 

 
Clearly, photochemical processes in the condensed Titan aerosols 

and ices dominate the evolution of Titan’s atmospheric 
molecules.  
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Titan’s	  Atmosphere	  and	  Aerosol	  Chemistry	  

VUV 

UV - VIS 

VIS - IR 

Can UV-VIS-NIR light 
that penetrates through 

into the lower 
atmosphere and on to 

the surface; induce 
chemistry in Titan’s 
condensed aerosol, 

ices and solid surface? 
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Titan’s atmosphere as we know now – thanks to Cassini-Huygens 

Aerosols 
& Condensates (Ices) 

C4N2 sublimation 
10-9 Pa 

It is expected that most of the  
larger organic molecules form  
ices or accrete on aerosols  
below ~500 km altitude on Titan 
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Enabled through NAI Funding "

This work has been funded by former NASA 

NAI “Titan as a Prebiotic Chemical System” at 

JPL and ongoing NASA SSW funding. 

 



34 


