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DETECTION OF KETENIMINE (CHCNH) IN SAGITTARIUS B2(N) HOT CORES
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ABSTRACT

Ketenimine (CHCNH) has been detected in absorption toward the star-forming region Sagittarius B2(N) with
the 100 m Green Bank Telescope by means of three rotational transitjgr&; @t 41.5 GHz, §-9,, at 23.2 GHz,
and 94-1Q, ;,at 4.9 GHz. Ketenimine has a sparse rotational spectrum below 50 GHz. From transition line strength
arguments, the spectral lines found are the ones most likely to be detected, and they occur in spectral regions that
have little possibility of confusion with other molecular species. Partially resolved hyperfine structure is apparent
in the 4.9 GHz transition, which has energy leve) K above the ground-state level; the absorption seen in this
transition appears to be emanating from gas in close proximity to the LMH hot core that has a systemic LSR
velocity of +64 km s*. By comparison, the 41.5 and 23.2 GHz transitions have lower energy leveB3adind
~41 K, respectively, and show absorption against the two star-forming Sgr B2(N) hot cores with systematic LSR
velocities of +64 (the LMH) and+82 km s*. These ketenimine data show that the hot core-82 km s* is
cooler than the hot core at64 km s*. Ketenimine is likely formed directly from its isomer methyl cyanide (CN)
by tautomerization driven by shocks that pervade the star-forming region.

ubject headings: ISM: abundances — ISM: clouds — ISM: individual (Sagittarius B2(N-LMH)) —
ISM: molecules —radio lines: ISM

1. INTRODUCTION complished by Jacox (1979) with the infrared matrix isolation
study of the products from the reaction of excited argon atoms

Among interstellar molecules, there is a high degree of isom- ith CH,CN. This work confirmed an earlier study by Jacox

erism, and species with the greatest amount of bonding energ o . . oS ; ;
: ; ; °& Milligan (1963) in which ketenimine was tentatively iden-
appear to be preferred in space over their less stable isomeri ified as a product of the reaction of the imidyl radical (NH)

counterparts. For example, of thd40 known interstellar mol- . ; ; ,
ecules, about 90 can have stable isomers since all diatomicsWlth acetylene (HCCH) in solid argon. The first study of ke-

a number of hydrogen saturated species, and a few other specigfnimine in the gas phase by microwave spectroscopy was
species like g CI—?Z, CH, etc., arg eliminated from consig- reported by Rodler et al. (1984), in which 2-cyanoethanol

eration because they have no isomeric counterparts. Currently(HOCH2CH2CN) was pyrolized at 80€. The spectrum con-

; ; . isted ofa-type andc-type transitions, and rotational analysis
among interstellar molecules, there are 13 isomer pairs and>Ste . .
three isomer triads, accounting for the statistic that nearly 40% provided the rotational constants = 201443.685(75) MHz,

of all interstellar molecules that could have isomeric counter- E ze?fﬁr?eg.gtfsg)rI:aAHZé:l%%t;ngef%rlZs?e(ze)rg/:l_':rzér?set'sgr?gedan q
parts do, in fact, have them. Moreover, Remijan et al. (2005) S)t/grk Ieffect umeLrjlsurv(\a/ments a{nd anal sig rovidedltlhe éi ole
examined observational results toward Sgr B2(N-LMH) for a ysIS p P

number of cyanide and isocyanide isomers with respect to moment components, = 0.434(1) D and = 1.371(6) D

bonding energy differences and its effect on whether or not a%pgttp‘lggz;arﬁ']ﬂie_st Wghtr;g\s/ﬁirc?rfv{/ﬁrttgzmére éoTrﬁier(;Lf
particular isomer in a set might be formed in sufficient abun- y : eyp '

dance to be detected with current radio telescopes. Furthermoreg?t\)": z\éiﬁ ffggsmgﬁsrﬁtﬁoial_cfn)sf,vaﬁrﬂtoikéﬂ\ﬁnzt%% ﬁngljeonncg

Lovas et al. (2006) reported studies of the three isomers meth- £ 1h K Tel low-f
ylcyanoacetylene (CKECCN), cyanoallene (CIECHCN), range of the Green Bank Te escope. A second low-frequency
and 3-butynenitrile (HCCCHCN) toward TMC-1 and found rs1tudyfl_)y Rodler et ?l' (1r198§) f&)owded the mehasurﬁmené of the
: ; : yperfine structure for the,3-10, ,,transition that showed an
that only the isomer with the least bonding energy (shallowest additional splitting of 131 kHz on each of the hyperfine com-

potential well), HCCCHCN, was not readily observed. Mo- ) 2. : . :
tivated by these results, the near equivalence in bonding erlerg)ponents. This splitting was interpreted as being due to tunneling

of ketenimine (CHCNH) and its isomer methyl isocyanide of the imino proton thro_ugh the plane of t_he kete_ne poytion of
(CH;NC), a well-studied interstellar species, prompted an in- g:)en m_lt_)rlltiascléleli'g{)inani;aqnlg;/a:)lggéf\};lgl:;uirﬁ, t'HZ' 'Sagc'?r\éfr“sr'gsl rrne(?_
terstellar search for ketenimine with the Green Bank Telescope. ~ = . piitung 1 ' X P
A successful search was by no means certain because organigP"ted in 8 2. The fitted rotational hyperfine structure reported
imines are relatively rare as interstellar species, with only two erein resu_lts from an intensity weighted average over th_e In-
previously reported: methyleneimine (Q¥H) by Godfrey et version splitting seen by Rodler et al. (_1986)_ and |s_comb!ned
al. (1973) and 3-imino-1,2-propadienylidene (CCCNH) by Ka- with the data of Rodler et al. (1984) in which no inversion
waguchi et al. (1992). splitting was apparent.

The first spectroscopic identification of ketenimine was ac- 2. OBSERVATIONS AND RESULTS

Spectral line observations of ketenimine were conducted
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TABLE 1 0.05
KETENIMINE (CH,CNH) MOLECULAR LINE PARAMETERS ’ ' '
Transition E hfs Frequency Relative
(F k= ) (cm™) S (F—F") (MHz) Intensity
@ 2 (3 4 (5) (6)
9, ¢10,10...... 35.098 4.425 9-10 4929.916(19)  0.330 0
10-11 4930.489(16) 0.365
8-9 4930.553(17) 0.298
8, ~Dpgrennnn 28.717 3.945 8-9 23175.937(24)  0.329
9-10  23176.504(21) 0.368
7-8 23176.575(22) 0.294
P S 22974 3460 7-8  41523.841(38)  0.328 —0.05
8-9 41524.403(35) 0.373
6-7 41524.484(36) 0.289
@ Ketenimine rest frequencies from present work. Uncertainties in paren-
theses refer to the least significant digit and are\&lues (type A coverage 0.05
k = 2) (Taylor & Kuyatt 1994).
(GBT) on 2005 March 14-22 (Q band), 2005 April 1 (K band),
and 2005 September 6—-19 (X band). The GBT spectrometer

was configured to provide four intermediate-frequency (IF) ' 0
bandwidths at a time in two polarizations through the use of —
offset oscillators in the IF. Table 1 lists the molecular param- *
eters of the ketenimine transitions sought: the transition quan-
tum numbers, the lower energy levéd, ( ), the transition line
strength §), the hyperfine splitting (hfs) quantum numbers, the
hfs component rest frequency, and the hfs component relative
intensity. Table 2 lists the observational parameters for the
search: the ketenimine transition, the telescope beamwidth
(6g), the telescope beam efficienay, (), the spectrometer band-
width per IF, and the spectrometer channel spacing appear in
the first five columns. Antenna temperatures are offthe  scale
(Ulich & Haas 1976) with estimated 20% uncertainties. The
Sgr B2(N-LMH) J2000 pointing position employed was=
1747198, 6 = —2822'17', and an LSR source velocity of
+64 km s* was assumed. Data were taken in the OFF-ON 0
position-switching mode, with the OFF position’G€ast in az-
imuth with respect to the ON-source position. A single scan
consisted of 2 minutes in the OFF-source position followed by

—-0.05

0.02

+82 km/s “

—0.02

2 minutes in the ON-source position. Automatically updated “+64 K /s

dynamic pointing and focusing corrections were employed based - c) |
on real-time temperature measurements of the structure input to : : ' : :
a thermal model of the GBT; zero points were adjusted typically 41.5 41.52 41.54

every 2 hr or less using the pointing source 17330. The two V[GHZ]

polarization outputs from the spectrometer were averaged in the

f'na! data reduction process to improve the signal-to-noise ratio. 5r¢ shown in each panel. Each abscissa is the rest frequency (see Table 1) at
Figure 1 shows the three sequentiabranchc-type tran- an assumed source velocity 64 km s with respect to the LSR. In each

sitions of ketenimine that were detected in absorption; eachpanel, relative intensity fiducials are shown where hyperfine splitting is ex-

. . . iti =1
spectrum has been processed with a median filter to removePected (see Table 1, col. [6]) for LSR velocities 664 and+82 km s™.
instrumental slopes in the bandpass. For each transition, the
integrated line intensityW = [AT,(v)dv ] and the average
source continuum levell( ), removed by the median filter pro-

Fic. 1.—Ketenimine spectra toward Sgr B2(N). Transition quantum numbers

TABLE 2
SUMMARY OF OBSERVATIONS TOWARD SGR B2(N-LMH)

Transition 0g Bandwidth Resolution w2 T, N;°
(F k=K «. (arcsec) 1 (MHz) (kHz) (Kkms? (K) (10 cm?

(1) (2 (3) 4) (5) (6) ) (8)
9 10 300000 150 0.90 200 24.4 —1.30(20) 38.9 1.26(20)
8. 70 ween-- 32 0.75 200 24.4 —1.06(10) 6.0 1.70(16)
Ty 68 geveeen-- 18 0.49 800 390.7 —0.59(4) 4.0 1.43(10)

2 Uncertainties in parentheses refer to the least significant digit and @raies (type A coverage
k = 2) (Taylor & Kuyatt 1994).

b Calculations usg, = 1.371(6) D and assuthe= 5"
the fitting errors orW in col. (6).

dnd= 65 K (see text); uncertainties reflect
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of 5" is assumed and is typical of the size of the LMH (see
H Fig. 4 of Hollis et al. 2003). Observed integrated line intensities
H L. L. .

: for all three ketenimine transitions were compared to integrated
("% & - o =@ ¢ & line intensities predicted from equation (1); this method shows

that T, = 65 K minimizes the rms difference between the ob-
g served and predicted integrated intensities and yields approxi-
mately the same total column density (see Table 2 col. [8]). Such

FiG. 2.—Schematic tautomerization reaction diagram showing the molecular @ t€mperature is consistent with a region in proximity to a hot

structures of methyl cyanide and ketenimine. This isomer conversion reaction COre.
may be driven by shocks that pervade the Sgr B2(N) star-forming region (see
text).

3. DISCUSSION
cessing, are given in Table 2 columns (6) and (7), respectively. A new interstellar GH,N isomer triad comprised of CIEN
Partially resolved hyperfine structure is apparent in Figere 1 and CHNC is formed with the detection of interstellar keten-
at an LSR velocity of+64 km s*, which is the systemic  imine. The total column density of equation (1) is a sensitive
velocity of the Large Molecule Heimat (LMH) star-forming  function of the beam dilution factor of equation (2). For ex-
core; this 910, ,, transition at 4.9 GHz has a lower state ample, using the constraint that minimizes the difference be-
energy lever50 K that is higher in energy than the other two tween observed and predicted integrated intensities (see § 2),
transitions shown in Figure 1. While thgs89,, transition at we find that T,~ 2.07¢s)* — 39.140,) + 211.5 K for 4 <
23.2 GHz and the ;-8 transition at 41.5 GHz, shown in  ¢.< 10". While our assumption th#, = 5" is reasonable, a
Figures b and I, respectively, do not demonstrate evidence variation as small as”lhas a significant effect o, , and
of hyperfine splitting, they do display a dominah64 km s* therefore the resulting averagd,) ~ 1.5 x 10'®  ¢his un-
component and evidence of an82 km s* shoulder; these  certain by a factor o~2 and can only be refined through
LSR velocities are typical of the two star-forming cores within  interferometric observations to accurately determine the keten-
Sgr B2(N). Thus, unlike the lower energy transitions shown in imine source size; similarly, an accurate relative abundance
Figures b and L, the highest energy transition of ketenimine comparison of GH,N isomers also must await complementary
shown in Figure & displays a strong-64 km s* component, interferometric observations. Nevertheless, the ketenimine
but nothing appreciable at82 km s*, suggesting that the star-  (N,) determined here is consistent with determinations of total
forming core with thet+82 km s* systemic velocity is cooler  column densities of other molecules observed with interfer-
than the+64 km s* star-forming core. ometers toward Sgr B2(N)—e.g., see Figure 7 of Snyder et al.
The ketenimine absorption profiles in Figurdsahd X and 2002 for acetic acid (CKCOOH), formic acid (HCOOH), ac-
their respective low average source continuum levéls ( ) in etone (CHCOCH,), ethyl cyanide (CECH,CN), and methyl
Table 2 column (7) can only be reconciled if these transitions formate (CHOCHO). For an Htotal column density range of
are absorbing in compact region(s) in close proximity to the (1-8) x 10?° cm2 (Lis et al. 1993; Kuan et al. 1996), the
two hot cores. In this instance, beam dilution would boost the ketenimine fractional abundance rangeXs= (0.1-3.0)x
observed continuum temperature to ensure that absorption 0oc40°°. Thus, ketenimine is a compact and relatively abundant
curs. On the other hand, the ketenimine absorption transitionspecies in Sgr B2(N).
in Figure I is the highest energy transition of the three and  There are at least three feasible reaction mechanisms sug-
is observed with the largest telescope beam (see Table 2), sgested by experimental and theoretical studies for the formation
this transition, too, must be absorbing in close proximity to the of ketenimine in the gas phase or on cold surfaces. From the
LMH hot core. Moreover, there is ample observational evidence matrix isolation study by Jacox & Milligan (1963), the follow-
that the two hot cores with 64 and+82 km s* LSR velocities ing reaction was inferred:
lie superposed along the same line of sight (see Fig. 7 of Meh-
ringer & Menten 1997; and Fig. 2 of Hollis 2006). Thus, to HCCH + NH —» H,C=C=NH (3)
characterize the ketenimine absorption profiles in Figure 1 by

a radiative transfer analysis, we make the following key as- \yhen the reactants were codeposited on a cold argon matrix sur-
sumptions: (1) All three ketenimine transitions involve same ;06 A subsequent matrix isolation study by Jacox (1979) indicates
size regions that may not be cospatial, and (2) they can bey,i energy transfer from argon atoms excited in a microwave
characterized by a single-state temperaflye ( ) in the absorbingyischarge can convert methyl cyanide to ketenimine, shown sche-

region(s). The total column densitii{ ) for absorption is matically in Figure 2 by tautomerization (i.e., an isomerization
s , pathway in which the migration of a hydrogen atom from the

Ny = WQ{ngB(877/3n)[Ts — T/(nsB)]1°S methyl group to the nitrogen atom is accompanied by a rearrange-

x (& KT — g EukTs) 1 ) ment of bonding electrons). The energetics of this reaction were

explored in a theoretical study by Doughty et al. (1994). They
found a number of intermediates (including methyl isocyanide)
and transition states leading to the formation of ketenimine with
) methyl isocyanide 38 kJ mdi (~2200 K) lower in energy than
— L ) ketenimine and 95 kJ mdl (~5500 K) higher in energy than
(63 +62) methyl cyanide. A third route to formation of ketenimine might
occur through the ionization of CBN to form CHCN" followed
Both equations employ cgs units; parameters that can be ob-by a 1,3 H-shift whose barrier is only 70 kJ mb{~4100 K) on
tained directly or derived from the Table 1 and Table 2 parametersa path to form CHCNH*. De Petris et al. (2005) calculate that
includeW, 6;, T, E, E,, u, S andng; the rotational partition  the ketenimine ion is lower in energy than the methyl cyanide ion
function Q can be approximated ds24T}° . A source sige ( ) by 232 kJ mot* (~13,500 K) with the small barrier mentioned

where the beam dilution factoB) is given by
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above. Subsequent electron capture by the ketenimine ion wouldemperature and compact source required to model the observed
yield neutral ketenimine. Further evidence of this isomerization transitions suggest that ketenimine is located in a hot core—
reaction is provided in a mass spectral study of,CI®" where type region whose high-density gas and dust provide a shield
it was concluded that substantial isomerization occurs on electronfrom UV and cosmic rays, which are required to form radicals
impact ionization, resulting in CB=C=ND (Mair et al. 2003). and ions.

Another laboratory investigation of various cyanide species In summary, we have detected ketenimine in absorption to-
in ices irradiated by UV photons or bombarded by protons ward the Galactic center source Sgr B2(N-LMH) by means of
showed imine or isonitrile formation (Hudson & Moore 2004). three sequentia-typeP-branch transitions using the GBT. Our
Proton bombardment of pure QEN ice provided the products  analysis of the three absorption lines provides a state temper-
ketenimine and CENC in somewhat lower yield. When the ature of 65 K and a compact source of abebt. Ketenimine
CH,CN ice was irradiated with UV, only CIMC was produced. s the third isomer detected with the empirical formulgd¢N
Remijan et al. (2005) cited these results and other studies asn Sgr B2(N), but it remains to be seen if all three species are
supporting their suggestion that isocyanides were not formedcospatial. Laboratory and theoretical studies indicate that ke-
primarily in thermal processes. tenimine may be produced by neutral-radical reactions, the ion-

The tautomerization pathway may be the most applicable toization of methyl cyanide, or the tautomerization of methyl
the Sgr B2(N-LMH) region where ketenimine is seen, while cyanide.
the neutral-radical and ionic paths may be more important in
other more diffuse and colder interstellar clouds. The Sgr B2(N)
region contains widespread shocks (Chengalur & Kanekar We thank Cecilia Ceccarelli for reviewing the manuscript,
2003) that can provide the energy for both the formation and Michael Remijan for programming support and development,
distribution of large interstellar species. The higher excitation and Bill Saxton for graphic art support.
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