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ABSTRACT
Context. About 40 cyanide compounds have been detected in the interstellar medium, but only 3 examples of organic isocyanide

compounds were observed in this medium. Ethyl isocyanide is one of the best candidates for possible detection.
Aims. To date, measurements of rotational spectra are limited to 40 GHz. The extrapolation of the prediction in the millimeter wave
domain is inaccurate and does not permit an unambiguous detection.
Methods. The rotational spectra were reinvestigated from 0.15 to 1 THz. Using the new prediction, we searched for the compound
ethyl isocyanide in Orion KL and Sgr B2.
Results. We newly assigned 2906 transitions and fitted these new data with those from previous studies, reaching quantum numbers
up to J = 103 and Ka = 30. The asymmetric top Hamiltonian proposed by Watson in the I r representation was used for the analysis, and
both reductions A and S were tested. The search for CH3 CH2 NC in Sgr B2 (IRAM 30m) and Orion KL (IRAM 30m, ALMA Science
Verification) result in a non-detection; upper limits to the column density were derived.
Key words. ISM: molecules – methods: laboratory: molecular – submillimeter: ISM – molecular data – line: identification

1. Introduction
Almost 40 organic and inorganic nitriles (cyanides) have been
detected in the interstellar medium (ISM) and the first branched
molecule recently detected in the ISM is a nitrile compound
(Belloche et al. 2014). On the other hand, only 3 organic isocyanides, namely, methylisocyanide (CH3 NC) (Remijan et al.
2005), vinylisocyanide (tentatively, H2 C=CH–NC) (López et al.
2014), and ethynylisocyanide (HC≡C–NC) (Kawaguchi et al.
1992); the parent compound HNC (Schilke et al. 2001), and
some inorganic isocyanides (AlNC, MgNC Ziurys 2006, such
as SiNC Guélin et al. 2004, and HMgNC Cabezas et al. 2013)
were also observed in this medium. In the atmosphere of Titan,
attempts to detect isocyanides, where many nitriles are present,
has recently led to the observation of HNC (Moreno et al.
2011). Under laboratory conditions, isocyanides rearrange on
heating into the thermodynamically more stable cyanide isomers
(Wolber et al. 1992; Lattelais et al. 2010), but some photochemical studies revealed the opposite rearrangement under irradiation
(Coupeaud et al. 2007; Toumi et al. 2014). If such a photochemical rearrangement occurs in the ISM or if another process is
able to generate isocyanides from the corresponding cyanides in
this medium, the probability that these isocyanides isomers of
detected nitriles could be interstellar compounds could be very
high. Following the relative abundance of these nitriles, the ethyl
?
Tables S1–S4 are only available at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/610/A44

isocyanide is one of the best candidates for such studies. We
search for ethyl isocyanide in two high-mass star-forming regions
in which large abundances of ethyl cyanide and related species
have been found: Orion KL and Sgr B2 (Sect. 4).

2. Experimental section
Ethyl isocyanide has been synthesized starting from Nethylformamide as previously reported for other low-boiling
derivatives (Chrostowska et al. 2012).
The measurements in the frequency range under investigation (150–990 GHz) were performed using the Lille spectrometer
(Zakharenko et al. 2015). The absorption cell was a stainless steel
tube (6 cm diameter and 220 cm long). The sample pressure during measurements was about 10 Pa and at room temperature, the
line width was limited by Doppler broadening. The frequency
ranges 150–330, 400–660, and 780–990 GHz were covered with
various active and passive frequency multipliers from VDI Inc.
and an Agilent synthesizer (12.5–18.25 GHz) was used as the
source of radiation. Estimated uncertainties for measured line
frequencies are 30 and 50 kHz, depending on the observed S/N
and frequency range.

3. Analysis of the spectra
The first investigations of the rotational spectra of ethyl isocyanide were carried out in 1966 by Bolton et al. (1966). The
spectra of the first vibrational and torsional excited states were
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measured in the centimeter wave domain (Anderson & Gwinn
1968). In this initial study, the dipole moment was determined
to be µa = 3.79 D and µb = 1.31 D; this value is usually large
for a molecule that includes a CN group. This causes dense
and intense rotational spectra in the millimeter wave range and
also in the submillimeter wave range up to 900 GHz (b Q lines).
Anderson & Gwinn (1968) also observed some A–E splittings
due to the internal rotation motion of the methyl group. The
most recent spectroscopic study is from Krüger & Dreizler
(1992) who reinvestigated the internal rotation measurements
and also determined hyperfine coupling parameters due to the
nitrogen quadrupole. As in our previous studies of ethyl cyanide
isotopologs, it was not possible to observe internal rotation
and hyperfine splittings due to our Doppler limited resolution.
Our analysis was rather easy, starting from a prediction based
on Krüger & Dreizler (1992) parameters. First, we analyzed
and fit the most intense transitions, the a Rh transitions, up to
330 GHz. These transitions were shifted only a few MHz from
the initial predictions. Then b R and b Q lines were searched and
included in the fit up to 330 GHz. Next, all the spectra were
analyzed up to 990 GHz without difficulty. For the fitting, we
employed ASFIT (Kisiel 2001) and predictions were made with
SPCAT (Pickett 1991). The global fits included 6 transitions from
Anderson & Gwinn (1968), 29 lines from Krüger & Dreizler
(1992), and 2906 from this work. The maximal quantum numbers are J = 103 and Ka = 30. Both reductions A and S were
tested. A reduction permits us to check the agreement of our
new parameters set with those from Krüger & Dreizler (1992)
(Table 1). Using S reduction slightly decreases root mean square
from 30.3 to 28.7 kHz. The condition numbers are nearly the
same: 295 and 310 for the A and S reductions, respectively. The
A reduction requires 23 parameters, but 5 additional parameters
are required for the S reduction (Table 2). For this reason we
used the A reduction even if this molecule is close to the prolate
limit with kappa = −0.9521. Part of the new measurements are
in Table 3. Owing to its large size, the complete version of the
global fit Table S1 is supplied at the CDS. The fitting files .lin
(S2), .par (S3), and the prediction .cat (S4) are also available at
CDS.

4. Radioastronomical observations
Ethyl cyanide (CH3 CH2 CN) is one of the most abundant
molecules in hot cores (see, e.g., Blake et al. 1987; Belloche et al.
2009; Daly et al. 2013). In addition to the main isotopolog in
the ground state, many rare isotopologs and vibrationally excited
states have been detected in high-mass star-forming regions
(Demyk et al. 2007; Margulès et al. 2009, 2016; Daly et al. 2013;
Belloche et al. 2013). In contrast to ethyl cyanide, the other abundant cyanides in these regions, i.e., methyl cyanide (CH3 CN;
see, e.g., Bell et al. 2014) and vinyl cyanide (CH2 CHCN; see,
e.g., López et al. 2014) have been also identified in cold clouds
(Matthews & Sears 1983a,b). Nevertheless, the non-detection
of ethyl cyanide in dark clouds may be a detection limit issue
since the results of Remijan et al. (2005) suggest a very cold
component of ethyl cyanide in the extended envelope of Sagittarius (Sgr) B2. This may suggest that, whereas methyl and
vinyl cyanide can be easily formed in the gas phase, grain surface production seemed to be a prominent formation route for
CH3 CH2 CN (Blake et al. 1987; Charnley et al. 1992; Caselli et al.
1993; Garrod et al. 2008). In addition, non-thermal processes
(e.g., shocks) could release ethyl cyanide and other species into
the gas phase from the grain mantles in the cold envelope of
Sgr B2.
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Table 1. Spectroscopic parameters of ethyl isocyanide in MHz –
reduction A.

This worka

Kruger et al.b

27 760.00884 (28)c
5117.320207 (42)
4561.894540 (40)
3.726074 (15)
−59.83894 (30)
644.0536 (20)
−0.9144410 (61)
14.25363 (56)
0.0170814 (23)
−0.20916 (19)
−0.3757 (11)
34.1263 (72)
0.0069775 (13)
0.111462 (65)
8.4479 (91)
−0.10202 (13)
0.0015796 (69)
−0.02917 (25)
−0.14077 (94)
−1.2654 (85)
−0.047403 (87)
0.183 (12)
3.42 (18)

27 760.012 (16)
5117.3217 (34)
4561.8953 (29)
3.7327 (38)
−59.757 (55)
644.02 (11)
0.9158 (4)
14.294 (27)
0.063 (13)
1.15 (35)
−3.93 (10)
55.4 (68)
0.0118 (11)
0.35 (12)
9.2 (29)

Number of distinct lines
Standard deviation of the fit (in kHz)
Weighted deviation of fit
Condition number

2964
30.3
1.01
295

Parameter
A
B
C
∆ J × 103
∆ JK × 103
∆K × 103
∆ J × 103
∆K × 103
Φ J × 106
Φ JK × 106
ΦK J × 106
ΦK × 106
φ J × 106
φ JK × 106
φK × 106
L J × 1015
L JJK × 1012
L JK × 1012
LKK J × 1012
LK × 109
l J × 1015
P JK × 1018
PK J × 1018

Notes. (a) Watson’s A reduction has been used in the representation I r .
Krüger & Dreizler (1992). (c) Numbers in parentheses are one
standard deviation in units of the least significant figures.
(b)

Concerning the isocyanide counterparts of these species,
only methyl isocyanide has been unambiguously detected. The
first tentative detections were toward the cold cloud TMC-1
(Irvine & Schloerb 1984) and the high-mass star-forming region
Sgr B2 (Cernicharo et al. 1988). The confirmation of the presence of CH3 NC in the cold clouds of Sgr B2 was reported by
Remijan et al. (2005). The compound CH3 NC has also been
detected at millimeter frequencies toward the Horsehead photodissociation region (PDR) by Gratier et al. (2013). However,
Cuadrado et al. (2017) did not detect CH3 NC in the Orion Bar,
a much more strongly far-UV-irradiated PDR. These detections
suggest that, as proposed by Remijan et al. (2005), non-thermal
processes, such as shocks or enhanced UV flux in the surrounding medium, may be the primary route to the formation of
interstellar isocyanides by the conversion of the cyanide to its
isocyanide counterpart. Moreover, the detection of CH3 NC in the
hot core of Orion KL, by López et al. (2014), and the tentative
detection of this species toward the continuum peak of L1544,
by Jiménez-Serra et al. (2016), point out that other formation
routes (and a probable origin for the isocyanides from reactions
on grain mantles) have to be explored to explain their presence in
such a large range of astronomical environments. Furthermore,
the tentative detection provided by Cernicharo et al. (1988) in the
millimeter domain suggested that CH3 NC can be also found in
the warm regions of the Sgr B2 complex.
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Table 2. Spectroscopic parameters of ethyl isocyanide in MHz –
reduction S.

Parameter
A
B
C
D J × 103
D JK × 103
DK × 103
d1 × 103
d2 × 103
H J × 106
H JK × 106
HK J × 106
HK × 106
h1 × 109
h2 × 109
h3 × 109
L J × 1012
L JJK × 1012
L JK × 109
LKK J × 109
LK × 109
l1 × 1012
l2 × 1015
l3 × 1015
l4 × 1015
P JJK × 1015
P JK × 1015
PK J × 1015
PK × 1012
Number of distinct lines
Standard deviation of the fit (in kHz)
Weighted deviation of fit
Condition number

This worka
b

27 760.00878 (29)
5117.291479 (43)
4561.922806 (40)
3.640062 (17)
−59.32483 (31)
643.6242 (22)
−0.9143104 (65)
−0.0430146 (28)
0.0156110 (29)
−0.35310 (11)
0.1216 (12)
33.7733 (72)
6.8577 (14)
0.73821 (97)
0.11971 (40)
−0.08952 (17)
2.988 (17)
−0.02352 (16)
−0.1585 (21)
−1.2626 (81)
−0.045245 (96)
−6.413 (73)
−2.382 (41)
−0.221 (11)
−0.01749 (94)
0.143 (12)
−5.74 (17)
0.0186 (14)
2963
28.7
0.957
310

Notes. (a) Watson’s S reduction has been used in the representation I r .
(b)
Numbers in parentheses are one standard deviation in units of the
least significant figures.

Hence, to search for CH3 CH2 NC in the ISM we focused
on public data of the two prototypical high-mass star-forming
regions, Orion KL and Sgr B2.
Orion KL: López et al. (2014) carried out a search for the
isocyanide species in Orion KL using the IRAM 30m survey
of this region (Tercero et al. 2010). As mentioned above, these
authors detected CH3 NC toward the source. They also provided
a tentative detection for CH2 CHNC and an upper limit to the
column density of CH3 CH2 NC. The molecular column densities for these species derived by these authors are summarized in
Table 4.
In this work we used the ALMA Science Verification (SV)
data of Orion KL (see, e.g., Tercero et al. 2015 for observations and data reduction) to search for ethyl isocyanide. First,
we studied the spatial distribution of ethyl cyanide in the source
by performing integrated intensity maps of several CH3 CH2 CN
lines free of blending that cover a large range of energies for
the upper level of the involved transitions (see Fig. 1). We noted
three main emission peaks of ethyl cyanide in the region (see
Fig. 1): EtCN1, a position south source I in the hot core clumpy

Table 3. Measured frequencies of ethyl isocyanide and residuals from
the fit.

Upper level Lower level
J 00 Ka00 Kc00 J 0 Ka0 Kc0
48
48
53
53
34
34
39
39
59
103
103
103
103
30
30
21
21

11
11
10
10
14
14
13
13
9
2
2
3
3
15
15
17
17

37
38
44
43
20
21
26
27
50
101
101
101
101
15
16
4
5

47
47
52
52
33
33
38
38
58
102
102
102
102
29
29
20
20

10
10
9
9
13
13
12
12
8
2
3
2
3
14
14
16
16

38
37
43
44
21
20
27
26
51
100
100
100
100
16
15
5
4

Frequency (Unc.)
o.-c.
(in MHz)
(in MHz)
942 649.939 (0.030)
942 649.939 (0.030)
942 677.549 (0.030)
942 707.951 (0.030)
943 613.710 (0.030)
943 613.710 (0.030)
947 281.979 (0.030)
947 281.979 (0.030)
948 258.081 (0.030)
948 750.609 (0.030)
948 750.609 (0.030)
948 750.609 (0.030)
948 750.609 (0.030)
949 235.133 (0.030)
949 235.133 (0.030)
949 723.818 (0.030)
949 723.818 (0.030)

0.0734
0.0734
−0.0172
−0.0582
−0.0624
−0.0624
0.0457
0.0457
0.0305
0.0336
0.0336
0.0336
0.0336
0.0400
0.0400
0.0239
0.0239

Notes. Full fit is available at the CDS: S1.

structure (see, e.g., Favre et al. 2011) that can be associated to
the emission peak of several N-bearing species in the source,
such as DCN, HC3 N, CH3 CN, and CH2 CHCN (Cernicharo et al.
2016); EtCN2, toward the millimeter continuum source MM4
(Wu et al. 2014), which concentrates a large percentage of the
emission of several complex organic molecules (COMs), such
as CH3 NCO (Cernicharo et al. 2016) and CH3 COCH3 (Peng
et al. 2013); and EtCN3, a position northeast source I, which
presents prominent emission of complex species with nitrogen
(Guélin et al. 2008; Weaver & Friedel 2012). Coordinates of
these positions are shown in Table 1. Then, we extracted and
averaged a 5 × 5 pixel spectrum around these emission peaks to
search for ethyl isocyanide. Observed lines parameters for the
CH3 CH2 CN emission in these regions were obtained by fitting
Gaussian profiles to a CH3 CH2 CN 320 = 1 line (see Fig. 2).
To model the CH3 CH2 NC emission at these positions, we considered these observed line parameters and an average kinetic
temperature of 200 K (see Daly et al. 2013; López et al. 2014).
Table 5 summarizes the assumed physical parameters for each
cloud component. We used the MADEX code (Cernicharo 2012)
to derive the synthetic spectrum of methyl isocyanide according to the CH3 CH2 NC spectroscopy reported in this work and
assuming the physical parameters shown in Table 5. We did not
find ethyl isocyanide above the detection limit of the data. Upper
limits to the CH3 CH2 NC column density are shown in Table 4.
Considering the same cloud components and physical
parameters as those used for CH3 CH2 NC, we derived molecular
column densities for methyl and vinyl isocyanide (see Table 4).
In the EtCN1 position, most of the methyl isocyanide lines are
hidden by the emission of more abundant species in the ALMA
SV frequency range. However, we found four CH3 NC lines partially free of blending toward EtCN2 and EtCN3 emission peaks
(see Fig. A.1). This is compatible with the CH3 NC detection in
Orion by López et al. (2014). On the other hand, we did not detect
CH2 CHNC in the ALMA SV.
In order to provide isocyanide/cyanide column density
ratios, we also derived molecular column densities for CH3 CN
and CH3 CH2 CN in EtCN3 and for CH2 CHCN in all the
A44, page 3 of 7
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Table 4. Isocyanide column densities and N(X-NC)/N(X-CN) ratios.

Coordinates
(J2000.0)
HPBWa [00 ]
Frequencyb [GHz]
N(CH3 NC) [cm−2 ]
N(CH3 CH2 NC) [cm−2 ]
N(CH2 CHNC) [cm−2 ]
Rc (Methyl)
Rc (Ethyl)
Rc (Vinyl)

Orion KLd
(IRAM 30m)

Orion KL
(ALMA SV)
EtCN3

Orion KL
(ALMA SV)
EtCN1

Orion KL
(ALMA SV)
EtCN2

Sgr B2
(IRAM 30m)

α = 5h 35m 14.s 5
δ = −05◦ 220 30.00 0
30–8
80–307
(6.0 ± 3.0) × 1013
≤(2.0 ± 1.0) ×1014
≤(4.0 ± 2.0) × 1014
0.002
≤0.003
≤0.1

α = 5h 35m 14.s 6
δ = −05◦ 220 27.00 9
∼1.9 × 1.4
213.7–246.7
(1.2 ± 0.4) × 1014
≤(1.5 ± 0.7) ×1014
≤(2.5 ± 1.0) × 1014
0.003e
≤0.0025 f
≤0.025g

α = 5h 35m 14.s 6
δ = −05◦ 220 31.00 6
∼1.9 × 1.4
213.7–246.7
≤(1.0 ± 0.5) × 1014
≤(2.0 ± 1.0) ×1014
≤(2.0 ± 1.0) × 1014
≤0.0014h
≤0.007h
≤0.02i

α = 05h 35m 14.s 2
δ = −05◦ 220 31.00 1
∼1.9 × 1.4
213.7–246.7
(6.0 ± 2.0) × 1013
≤(2.0 ± 1.0) × 1014
≤(2.0 ± 1.0) × 1014
0.0006h
≤0.007h
≤0.05 j

α = 17h 47m 20.s 0
δ = −28◦ 220 19.00 0
30–21
80–115.5
(3.2 ± 0.5) × 1016
≤(1.5 ± 0.5) × 1016
≤(1.5 ± 0.5) × 1016
0.01k
≤0.003k
≤0.02k

Notes. (a) HPBW (half power beam width) for observations with single dish telescope (IRAM 30m) and synthetic beam for
the ALMA SV observations. (b) Range of frequencies considered in the analysis. (c) R = N(X-NC)/N(X-CN), where X = methyl,
ethyl, vinyl. (d) From López et al. (2014). (e) N(CH3 CN) = (4.0 ± 1.0) × 1016 cm−2 for EtCN3 assuming a 12 C/13 C ratio of 45 (Tercero et al. 2010). ( f ) N (CH3 CH2 CN) = (6.0 ± 2.0) × 1016 cm−2 for EtCN3 by modeling the CH3 CH2 CN b-type lines (optically thin).
(g)
N(CH2 CHCN) = (1.0 ± 0.3) × 1016 cm−2 for EtCN3. (h) CH3 CN and CH3 CH2 CN column densities for EtCN1 and EtCN2 (Positions A and
B) from Cernicharo et al. (2016). (i) N(CH2 CHCN) = (1.0 ± 0.3) × 1016 cm−2 for EtCN1. ( j) N(CH2 CHCN) = (4.0 ± 1.0) × 1015 cm−2 for EtCN2.
(k)
CH3 CN, CH3 CH2 CN, and CH2 CHCN column densities for Sgr B2 (N) from Belloche et al. (2013).

Fig. 1. Spatial distribution of CH3 CH2 CN in Orion KL. The data are from ALMA SV observations. The yellow ellipse at the top left corner of the
maps represents the synthetic beam. For a brief description of the marked positions in the first left panel, see, e.g., Cernicharo et al. (2016). The
three main emission peaks of CH3 CH2 CN are indicated in the middle top panel.

considered components according to the physical parameter shown in Table 5. The column densities for methyl and
ethyl cyanide toward EtCN1 and EtCN2 were taken from
Cernicharo et al. (2016). Whereas the methyl and ethyl ratios
are on the same order of magnitude as those derived by
López et al. (2014), we obtained a vinyl upper limit ratio one
order of magnitude lower than the value of these authors. This is
mostly due to the differences in the telescope beam (see Table 4)
A44, page 4 of 7

that give rise to a high level of line blending and line confusion in
the spectrum of the 30 m telescope. Nevertheless, owing to the
limited frequency band of the ALMA SV data, we cannot disclaim the tentative detection of CH2 CHNC reported by López
et al. (2014).
Sgr B2: Methyl, ethyl, and vinyl isocyanides were searched
for by Remijan et al. (2005) in the Sgr B2 complex using data
obtained with the Green Bank Telescope in the centimeter
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Fig. 3. Lines of CH3 NC in Sgr B2 (N) at 3 mm. Observed data (black
histogram spectrum) and total model of the source (green curve) are
from Belloche et al. (2013). Our best model for CH3 NC is given by the
red line. A vLSR of +64.0 km s−1 is assumed.

Fig. 2. Gaussian fits to the 242,22 –232,21 (219.632 GHz) line of
CH3 CH2 CN 320 = 1 at various positions within Orion KL.
Table 5. Physical parameters.

EtCN3
vLSR [km s−1 ]
∆vFWHM [km s−1 ]
dsou [00 ]
T rot [K]

6.0a –7.0b
4.0
3.0
200

3.0
5.0
3.0
200

EtCN1

EtCN2

4.0
6.0
3.0
200

5.0c –6.0d
4.0
3.0
200

Notes. Physical parameters of the cloud cores considered to derive the
molecular column densities using the ALMA SV data of Orion KL.
(a)
For the ethyl species. (b) For the methyl and vinyl species. (c) For the
methyl and ethyl species. (d) For the vinyl species.

domain. These authors reported the detection of CH3 NC, the
tentative detection of CH2 CHNC, and an upper limit to the
CH3 CH2 NC column density. These data trace the coldest regions
of Sgr B2.
In order to search for these species in the warm gas of this
region, we used the public data of Sgr B2 at 3 mm collected
with the IRAM 30m telescope and provided by Belloche et al.
(2013). To obtain a synthetic spectrum for CH3 NC, CH3 CH2 NC,
and CH2 CHNC, we used MADEX assuming the same physical components as those derived by Belloche et al. (2013) for
CH3 CN, CH3 CH2 CN, and CH2 CHCN toward Sgr B2 (N). It is
worth noting that the rotational temperatures used to model the
emission of these species in the region were 200 K for CH3 CN
and 170 K for CH3 CH2 CN and CH2 CHCN in all the components
considered by these authors.
As Remijan et al. (2005), we only detected CH3 NC above the
detection limit of these data (see Fig. 3). For ethyl and vinyl isocyanide we only can provide upper limits to their column density
(see Table 4). This detection is in agreement with the previous

tentative detection of CH3 NC in the millimeter domain reported
by Cernicharo et al. (1988). Moreover, as we mentioned above,
the CH3 NC model shown in Fig. 3 was obtained using a single rotational temperature of 200 K. Because the interconversion
from CH3 CN to CH3 NC is very unfavorable under these thermal
conditions, the presence of CH3 NC in warm regions could also
point to a possible grain chemistry pathway (different from that
of CH3 CN) for the production of this species. Nevertheless, the
detection of a warm component of CH3 NC does not necessarily imply a warm chemical formation route. The COMs in hot
molecular clouds could have their origins in cooler regions or
through other non-thermal processes. Nevertheless, we obtained
a CH3 NC/CH3 CN column density ratio of 0.01. This value is in
agreement with that of 0.02 reported by Remijan et al. (2005) and
the upper limit value of 0.05 derived by Cernicharo et al. (1988),
and it is three times larger than the N(CH3 CN)/N(CH3 NC) value
obtained in Orion KL.
Interestingly, the CH3 NC/CH3 CN abundance ratio derived
in the Horsehead PDR by Gratier et al. (2013) is 0.15, that is,
2–5 times higher than the results in the considered high-mass
star-forming regions. These authors pointed out that the value in
the PDR falls directly in the range predicted by DeFrees et al.
(1985) who found that the formation rate ratio of the protonated
precursor ions (CH3 NCH+ /CH3 CNH+ ) was between 0.1 and 0.4,
according to gas phase, ion-molecule treatment. This ratio also
agrees with the value in dark clouds (Irvine & Schloerb 1984). In
addition to the formation of cis-HCOOH (Cuadrado et al. 2016),
the photo-switching mechanism should be considered to explain
the presence of CH3 NC in the Horsehead PDR. The fact that
CH3 NC was not detected toward the Orion Bar (Cuadrado et al.
2017), a more strongly illuminated PDR (>100 times more than
the Horsehead), which has a similar electron densities, could
be explained by the strong dependence of the photo-switching
process on the flux of high-energy far-UV photons.
On the other hand, laboratory experiments conducted by
Hudson & Moore (2004) found that ethyl isocyanide was one
of the main products in far-UV photolyses (157–170 nm) of
solid samples of CH3 CN and CH3 CN + N2 at low temperatures
(12–25 K) and UV doses of a few eV molecule−1 ; that is, the
same order of magnitude as that received by the ices in dense
A44, page 5 of 7

A&A 610, A44 (2018)

molecular clouds during the lifetime of the cloud. This also
suggests the formation of this species toward the grain mantles in different environments with specific conditions for the
FUV flux. Subsequently, CH3 NC gas phase abundance could
be enhanced when ice mantles of grains are destroyed through
photo-desorption, thermal evaporation or sputtering depending
on the prevailing physical conditions.

5. Conclusion
Submillimeter wave spectra of the ethyl isocyanide, an isomer
of one of the most abundant complex organic molecules was
assigned up to 1 THz. This permits us to predict accurately in the
ALMA range and make its detection possible in the near future.
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Appendix A: Detection of CH3 NC in Orion

Fig. A.1. CH3 NC lines in Orion toward EtCN1, EtCN2, and EtCN3 emission peaks. Lines partially free of blending with other species are denoted
with *.
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