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FIG. 1. A representative spectral order (49) is shown with an expanded y scale to demonstrate the detection of weak features. Two spectra are plotted. The

bottom, black spectrum, is RV23257, from 4 October 1995. The top, blue spectrum, is RV23201, from 3 October 1995. The blue spectrum is offset vertically for

clarity. Marked on the plot are all of the identified and unidentified features in the spectrum.
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comets (66). These depletions could reflect
condensation at moderately high nebular tem-
peratures (67, 68), or preferential loss from
interstellar ices as a result of thermal process-
ing. CH4, C2H6, and C2H2 are apolar species,
and CO has a relatively small dipole moment
(69) [m 5 0.11 debye (D)]. Thus, their ices
are more volatile than hydrogen-bonded ices

of polar species [such as H2S, CH3OH, H2O,
H2CO, and HCN, for which m 5 0.97, 1.70,
1.85, 2.33, and 2.98 D, respectively (69)].
Thermal processing should cause the more
volatile species to be depleted by factors
related to their surface bonding strengths. CO
and CH4 should show the largest depletions,
followed by C2H6 and then C2H2. However,

the hydrogen-bonded species should not be as
strongly depleted.

Among the less volatile ices, H2S and
H2CO are present in normal abundance rela-
tive to HCN (60). Our simultaneous measure-
ments of H2O and HCN on 13.8 July suggest
that HCN is depleted by about a factor of 2
relative to H2O, when compared with comet

Fig. 2. NIRSPEC spec-
tra of C/LINEAR (low-
er trace in all panels)
on UT 13.6 July. Se-
lected high-dispersion
spectra (RP ;15,000)
of C/LINEAR are com-
pared with those of
comet Lee (10) (up-
per trace in all pan-
els). The spectra are
normalized so that
OH emission lines
have the same inten-
sity in comets Lee
and C/LINEAR. The
lines are Doppler-
shifted relative to
their terrestrial coun-
terparts, owing to the
comet’s geocentric
motion (by ; –29 km
s21 in comet Lee and
–55 km s21 in C/LIN-
EAR). Synthetic spec-
tra of the atmospher-
ic transmittance do
not line up, because
the spectra are shown
in the cometary rest
frames. The unusually
high atmospheric wa-
ter abundance se-
verely affected trans-
parency during obser-
vations of C/LINEAR.
In all panels, ? indi-
cates emission lines
from unidentified spe-
cies. (A) Setting KL1,
order 22: methanol n3
region. The triply
peaked Q branch is
prominent in comet
Lee, and many lines in
the P and R branches
are also detected. OH
lines (§) (1-0 band)
and possibly H2CO
(o) are detected in
C/LINEAR, but no
CH3OH (‡) emission
is seen. (B) Setting
KL1, order 23: ethane
n7 region. The marked
lines in comet Lee are
identified as follows
(reading from higher
wavenumber to low-
er). #: C2H6, n7, RQ4,
RQ3, RQ1, RQ0, PQ1, PQ3, and PQ4; e: CH4, n3, P2, and P3; ‡: CH3OH, n2,
and n9; §: OH (1-0) (P12.5 21 and 2–, P13.5 11 and 1–). In C/LINEAR, only
selected lines are seen. C2H6, n7, RQ1, PQ1, and PQ3; CH4, n3, P2; OH (1
to 0) (P13.5 11 and 1–). (C) Setting KL2, order 23: methane n3 region. §:
OH (1 to 0) (P11.5 21 and 2–, P12.5 11 and 1–); and e: CH4, n3, R1, and

R0. (D) Setting KL2, order 25. Hydrogen cyanide and acetylene region.
Marked lines in comet Lee include the following. v: HCN, n3, (13 lines); §:
OH (1-0) and (2-1); and 1: C2H2, n3, R3, and P5. Only HCN, NH2 (†), and
OH are seen in C/LINEAR.
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                                                                      Figure 14 
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