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Introduction:  Comets are remnants from the early 

solar system that retain the volatiles (ices) from the 
cold outer protoplanetary disk (beyond 5 AU) where 
they formed. Comet nuclei were among the first ob-
jects to accrete in the early solar nebula and many of 
them were subsequently incorporated into the growing 
giant planets. Gravitational scattering redistributed the 
remaining comet population by either sending them to 
the inner solar system, where they may have enriched 
the early biosphere, or scattering them into their pre-
sent-day dynamical reservoirs. Since this early time, 
comets have been orbiting the Sun relatively un-
touched by processing mechanisms, until their orbits 
are perturbed towards the inner solar system. As such, 
they are believed to be among the most primitive ob-
jects in the solar system and may be representative of 
the material from which the solar system formed. Of 
particular interest is their icy volatile composition 
since other solar system objects have either lost or 
have had significant modifications to their volatile 
compositions since their formation. Many of the vola-
tiles observed in comets are also important prebiotic 
species. For example, H2CO is a chemical precursor to 
sugars and HCN and NH3 are precursors of amino ac-
ids. Studying comets is therefore a vital link to under-
standing the origin and evolution of our planetary sys-
tem and life on Earth. 
 

Lulin Observations:  We obtained high-resolution 
(λ/Δλ~25,000), near- infrared spectroscopic observa-
tions of Comet C/2007 N3 (Lulin) on 30 January - 1 
February 2009 with the NIRSPEC instrument on Keck 
II in Hawaii. Lulin is an Oort Cloud comet with a very 
large aphelion that suggests its recent apparition may 
have been its first foray into the solar system since its 
emplacement in the Oort Cloud (i.e., it may have been 
dynamically new). We report production rates and ro-
tational temperatures of H2O, C2H6, HCN, C2H2, CH4, 
NH3, H2CO, CH3OH, and CO.  

 
Results: We found comet Lulin to have abundance 

ratios that were atypical when compared to other com-
ets observed to date [1]. In particular, C2H6 and CH4 
exhibited abundances (relative to water) that were 
close to the average cometary values. CO and HCN 
were moderately depleted while C2H2 and H2CO were 

more severely depleted. In contrast, CH3OH was sig-
nificantly enriched. We also found the overall produc-
tion rate of the comet to be highly variable, with a fac-
tor of two change in water production rates over our 
observations. The rotational temperatures and overall 
abundance ratios remained the same or exhibited only 
slight changes. 
 

Synopsis:  The volatile composition of comet Lulin 
is unique when compared to other comets observed in 
the near-infrared thus far. Our results emphasize that 
we have not yet fully characterized the range of com-
positions in the overall comet population. Clearly 
much more work remains before we will understand 
how comets may have contributed to the development 
of life on Earth. 
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