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Introduction: High resolution spectroscopy of 

comets at IR wavelengths (principally 2.8 – 5.0 µm) is 
a powerful tool for characterizing the chemical abun-
dances of ices contained in their nuclei.  These abun-
dances encode information pertaining to conditions in 
the formative epoch of our Solar System, and building 
a taxonomy of comets based on volatile composition 
reflects differences in physical and/or chemical condi-
tions in the nascent environment ([1]-[3]). 

Taxonomic studies reveal a range of compositions 
among comets, however for the most part observations 
of individual comets represent mere snapshots of their 
activity rather than studies over a range of heliocentric 
distances (Rh).  They are also typically conducted at Rh 
approaching or often exceeding 1 AU, with relatively 
few comets observed over a range of Rh (e.g., Figure 
1).  This can bias our interpretation for comets having 
heterogeneous compositions, or for instances in which 
one or perhaps more additional sources of volatile re-
lease become activated at smaller Rh, e.g., from grains 
heated in the cometary atmosphere (i.e., the coma). 

The apparition of dynamically new, sun-grazing 
comet C/2012 S1 (ISON) in 2013 afforded serial IR 
measurements from beyond Rh = 1 AU to within 0.35 
AU. In addition to H2O, eight trace volatiles were 
measured with the high spectral resolution (λ/Δλ ~ 
25,000) facility spectrometers NIRSPEC at Keck 2 and 
CSHELL at the NASA-IRTF (Figure 2; [4]).  Several 
molecules (CO, C2H6, CH4, CH3OH; Fig. 2a) showed 
little if any evidence for evolution in their abundance 
ratios with decreasing Rh, while NH3, H2CO, and HCN 
showed pronounced increases for Rh < 0.5 AU (Fig. 
2b-2d).  These latter three molecules are precursors of 
particular importance to Astrobiology – H2CO is 
linked to sugars, and HCN and NH3 to amino ac-
ids/proteins – and their potential delivery to the young 
Earth is of keen interest. 

Near-future Capabilities:  Due to limited solar 
elongation, studying comets at smaller Rh often re-
quires daytime observations – in the IR, the IRTF of-
fers a unique capability in this regard.  A powerful new 
facility spectrometer (iSHELL) will replace CSHELL 
in early 2016 and provide greatly increased efficiency 
in characterizing the volatile composition of comets 
[5].  We will present examples for optimizing its use, 
and discuss implications for Astrobiology.  
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Figure 1. Abundance ratios of monomeric formaldehyde 
(H2CO/H2O) measured in 22 comets, expressed as a per-
centage of water production and with heliocentric dis-
tances indicated for each measurement. 

 

 
Figure 2. Measured abundance ratios for eight molecules 
in comet C/2012 S1 (ISON). 
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