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ABSTRACT

Context. Hot cores in molecular clouds, such as Orion KL, Sgr B2, W5E&21lare characterized by the presence of molecules at
temperature high enough to significantly populate their-fmyguency vibrationally excited states. For complex aiganolecules,
characterized by a dense spectrum both in the ground st@ie #re excited states, such as methyl formate, ethyl cgamidiimethyl
ether, lines from vibrationally excited states certairdytjTipate to the spectral confusion.

Aims. Thanks to the recent laboratory study of the first torsioxaited mode of methyl formate, we have searched for methyl
formate, HCOOCH, in its first torsionally excited statey=1) in the molecular cloud W51 e2.

Methods. We have performed observations of the molecular cloud W5ih éfferent spectral regions at 1.3, 2 and 3 mm with the
IRAM 30 m single dish antenna.

Results. Methyl formate in its first torsionally excited state£1 at 131 cm?) is detected for the first time toward W51 e2. 82
transitions have been detected among which 46 are unblevittedther species. For a total of 16 A-E pairs in the obsespttrum,

9 are unblended; these 9 pairs are all detected. All transitirom excited methyl formate within the observed spéctiage are
actually detected and no strong lines are missing. The coldemsity of the excited state is comparable to that of thergictate.
For a source size of e find that To; = 104+ 14 K and N= 9.4779 %10 cm2 for the excited state andJJ= 176+ 24 K and N

= 1.72 x 10'" cmr? for the ground state. Lines from ethyl cyanide in its two festited statesi4=1, torsion mode at 212 crh)

and @p=1, CCN in-plane bending mode at 206 Tinare also present in the observed spectrum. However bigpidoblems prevent

a precise estimate of its abundance. However as for methyldi@ it should be comparable with the ground state for whietind

Trot =103+ 9 Kand N= 3.7:08 x10' cm2 for a 7’source size.

Conclusions. With regard to the number of lines of excited methyl formate athyl cyanide detected in W51 e2, it appears that
excited states of large molecules certainly account forgelaumber of unidentified lines in spectral survey of mdi@cclouds.

Key words. Line: identification — Methods: observational — ISM: molls+— ISM: abundances — ISM: individual objects: W51 e2
— Radio lines: ISM

1. Introduction The rotational temperature of most of these large molecular
species is higll) estimated the rotaticeralter-

W51 e2 is a hot core part of the W51, Hegion located in ature in W51 e2 to be in the 200-300 K range. From high reso-

the Sagittarius spiral arm at a distance of about 7-8 kpc.|lition observations of CECN analyzed with statistical equilib-

is a region of high-mass star formation. W51 e2 and W51 e{m models[ Remijan et hl[ (20004) derived the kinetic tempe

are thought to be important star-forming cores. They exhikjture in W51 €2 to be 4, = 153(21) K. At such temperature,

a rich chemistry, comparable to that observed in Orion or jsw-energy vibrational excited states can be significaptpu-

Sagittarius. Numerous large organic molecules have been @ed. Transitions from vibrationally excited states hideed

served towards them. GEN and CS maps were studied bybeen observed in other sources such as in Sgr B2(N-LMH) for

Zhang et &).[(1998). Formic acid (HCOOH) was mapped by Lig,H;CN, CHCH,OH (Nummelin et [ 1998) and GIEH,CN

et al. {200f1). Methyl formate (HCOOGH and ethyl cyanide (Mehringer et di[ 2004). Recently, lines from torsionabkgited

(CH3CH,CN) were observed in several %Mﬁ%? al. P00kethyl formate have been identified in Orion KL (Kobayashi
Ikeda et d.[2001] Remijan et|ql. 2002). Ikeda et al. (PO0%) alJ200F).

studied ethylene oxide (c-840) and its isomer acetaldehyde
(CH3CHO). Acetic acid (CHCOOH) was detected by Remijan]c S

- . 2 -~ formate and ethyl cyanide in the molecular cloud W51 e2. The
et al. {200p) with a fractional abundance of (1,6)L0° rela injtial project was to look for methyl carbamate (MEIOOCH;),

tive to HCOOCH. Glycine, whose presence may be suggest% isomer of glycine (NEHCH,COOH) which has a larger dipole

from the observations of acetic acid with which it shares €o oment, making its detection more favorable than glycine. |
mon structural elements, was not detected in W51 e2 (Snyg\%{s not detected. However, few strong unidentified lines in

\e/\t/;l. thz() O_uéﬁseg?ht[ﬂl : r.sn)s-ethyl methyl ether was detbat the data attracted our attention and were possibly atabtd
. F ' methyl formate in its first torsional excited state. Furtbbser-

vations confirmed this detection and also lead to the detecfi

Send gprint requests toK. Demyk, e-mailkarine.demyk@cesr.fr  excited ethyl cyanide in W51 e2. The first vibrationally egdi

* Present address: Centre d’Etude Spatiale des Rayonnemesiéite of methyl formate is the GHorsion modey.s, hereafter
Université Paul Sabatier, F-31028 Toulouse, France calledv;=1, at 131 cm! (188 K). The rotational spectrum in

—

In this study we present the first detection of excited methyl
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this_excited state was measured and analyzefl by Ogatd ewdilere W is the integrated line intensity in K.kmtsy the line
(]@). Ethyl cyanide has two close vibrationally exciteates, frequency, 2 the line strength in Debyeg; the reduced nu-
the CCN in-plane bending mode,s, hereafter called,=1, at clear spin statistical weighty the K-level degeneracy, Q is the
206 cnt! (296 K) and the CH torsion mode,»1, hereafter partition function, & the upper state energy, N is the total col-
calledu=1, at 212 cm? (305 K). A preliminary analysis of the umn density and T the excitation temperature. Assuming a-gau
rotational spectrum in these two excited states is predémtbe sian beam, the beam dilution factor b is given by:
paper fron] Mehringer et &l (2004).

The observations and the methods used for the data an%ly- 62
sis are described in Sef}. 2 and Sgkt. 3, respectively. Tty st® = 2 2 @)
of methyl formate and ethyl cyanide in the ground and excited =~
state is presented in Seﬂt. 4 anq SE.Ct‘ 5 respecpvely.e‘ﬁners here 65 and 6 are, respectively, the source and telescope
for methyl carbamate and glycine is presented in Sﬂct. 6. The.

di o ied ins 7 am size in arcsecond.
iscussion is carried outin Seff. 7. Beam dilution &ects were taken into account both in the

rotational diagram analysis and in the emission modelieg (s

below). The emission region in W51 e2 is observed to be smalle

than 10'for most organic molecules (Remijan et pl. 2002; Liu

The observations were performed with the IRAM 30m anteni§4 al- [200(1). Consequently beam dilutiofieets are important

at Pico Veleta (Spain) in June 2003 and June 2006. W51 e2 v#dow frequency at which the IRAM 30m antenna beam size is

observed at the positiom(2000)= 19°2343.9’and5(2000)=  significantly larger (29at 86 GHz).

14°30r34.8’in position switching mode with the OFF position

located aty = 300”ands = 0". We have compared the observed spectrum with simulated
Several spectral windows in the 80-250 GHz range were oBRectra calculated using a simple emission model at loesd th

served in order to include as many transitions as possibkiago Modynamic equilibrium (LTE). The expression for the sinteta

searched molecules (excited methyl formate and ethyl dganfnain beam temperature for one molecule is thus:

for the 2006 data and methyl carbamate and glycine for th& 200

2. Observations

data) and as few transitions as possible of other molecalgagy Tmb =0 X (J— Jg) x (1 - €7) 3)
numerous strong lines (such as methyl formate and ethylidgan ) )
in the ground state, dimethyl ether, etc.). where J is the source function:
All lines were observed with an array of 4 receivers (in sin- "
gle side band mode) set at the appropriate frequenciespBte s J = — x (e™/T — 1) (4)

trometers used are a low resolution 1 MHz filter bank and an au-

tocorrelator with a spectral resolution in the 40-320 kHage,

split between dferent receivers. Focus and pointing were regu-

larly checked on the nearby ultra compact HIl region K 3-50A. hy k2.7 .

The rejection of the image band (USB) was of about 26 dB &t = 7~ X (/2T — 1) (5)
3mm, 12dBat2 mm, 15dB at 1.3 mm and 10 dB at 1.1 mm.

The system temperature was typically 100-200 K, 200-700 K,is the optical depth, summed over all the transitions of the
200-700 K and 400-1500 K at 3, 2, 1.3 and 1.1 mm, respatiolecules:
tively. The total usable ONOFF integration time varies from

30 to 50 minutes depending on the frequency range. The beam c?
sizeis 22/, 17”and 10.5’at 3, 2 and 1.3 mm, respectively. The’ = Z WN“"
spectra are presented in main beam temperature unit which is
calculated from the antenna temperaturg; ¥ Feg/Beg X Ta™.
The data were reduced using the GILDAS package.

%Au@(v)e-ﬁ/”(l— e Eu/kT) (6)

and®(v) is the line profile:

1 2 2
D) = ——— x e /A% 7
3. Analysis VrAvp

For the data analysis we assume that local thermodynarfig is the Einstein cocient, K, the energy of the transition, E
equilibrium (LTE) is reached, i.e. we assume that the etioita the energy of the lower state, & the upper state degeneracy, Q
rotational and vibrational temperatures are equal to thetkd the partition functionAvp is the Doppler width of the line, b is
temperature in the emitting region and that the lines are théhe beam dilution correction factor and,Ns the total column
malized, i.e. their level population is described by a Bolkinn density.
distribution at that temperature. The validity of this asgtion
will be discussed later in Se}. 7. In hot cores, the temperature is such that the low-energy vi-
brational angbr torsional excited modes are significantly popu-
The data were analyzed using the classical rotational dlated. Consequently we have used the vibrational-rotatioar-
gram method to estimate the rotational temperature andaihe dition function, Q,, instead of the pure rotational partition func-
umn density together with their uncertainties for thaient tion. Assuming non-interacting harmonic vibrational lsvand
identified species. We adopt the formulation friom TdrheBd9 rigid rotor levels, the ro-vibrational partition functiogmapprox-

corrected for beam dilutionfiects: imated by (seg Gordy & Cok 1984):
_ kW Ny B Qu = | [(@-e™ATyd x Qo ®)
(g agg) = "G~ e~ e @ =] o
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wherey; is the frequency of the vibrational mode j,ité degen- 30 A

eracy, and @ is the rotational partition function.,Q is approx- i HCOOCH, vt=1 1
imated by: - * 0,=7" 1
L o f,=12" i

28 -

*
|

x(KT)3
h3ABC

(9)

Qrot = 0 X

whereo is the symmetry number (s¢e Gordy & Cppk 1/984)
At LTE, the temperature used to calculate the rotationahand
brational partition function is the same, we thus implicidis-
sume that Tip = T, @an hypothesis which may not be valid £
(see Secﬂ?). For methyl formate which has one internaf,roto
rotational transitions are split into A and E components and - o .
is equal to 2. To calculate the partition function, we have-co  24L. . . .. . . .., .. .« .. .+ .. .
sidered the first excited state of methyl formate at 13tcm 200 250 300 350 400 450

For ethyl cyanide, we have used the partition function givgn E/k (K)

Mehringer et d1.[(2044) which is calculated by summing tha+o

tional states of the ground state and of the first two excit@®s Fjg 2. Rotational diagram of the torsionally excited state of
of ethyl cyanide at 206 and 212 cf For methyl carbamate we methy| formate for dferent source sizes. For a source size of
have used the partition function in the ground vibrationates 7 (pjack stars) we find a rotational temperature @f £ 104
given by|Groner et al{(2007). + 14 K and a column density of N 9.4*49 x10'® cm?; for a

source size of 1Ared diamonds) we find,§ = 131+ 20 K and
N =3.4"}> x10"% cm 2.

(3kW/8m°vg,q.Su’)

4. Torsionally excited methyl formate

The prediction of the methyl formate lines is based on thetmos
recent work on this species from Carvajal eft pl. (2007). Ia thassignment, the observed-calculated value, the expetaien
work, all experimental data available on the ground andtegici accuracy, the calculated uncertainty, the line strength tae
states (3496 and 774 microwave lines, respectively) in the gnergy of the lower levef.
200 GHz frequency range, covering the J values up to 43 in the
ground state and up to 18 in the first excited statel, were More than eighty transitions from torsionally excited mgath
collected from previously published studi¢s (Ogata Ht@@4 formate, 82 precisely, are detected in the source amongdwiiic
Desterling et 4l 1999; Plummer et . 1p§6, 1984; Demaisare not blended. Taking into account possible blending, me fi
et al.[1981)[ Carvajal et RI[ (2407) also added 434 new lifiestbat all lines from torsionally excited methyl formate pietdd
methyl formate in the ground state, measured in Lille in thg-5 to be intense enough to be detectable are present in thevedser
669 GHz spectral range and corresponding to transitiorts it spectra. Furthermore, no lines, such as unobserved sireey |
and K values up to 62 and 22, respectively. This dataset was ¢i@ntradicts the identification in the observed spectrajeaithe
ted within almost experimental accuracy (root-mean-sgidar  internal rotation of the methyl group of methyl formate tpthe
viations of 94 kHz and 84 kHz for the 3496 (774) lines of th&ransitions into A and E components having the same intensit
ground torsional state and of the excited statel, respectively) Among the 16 observed A-E pairs, 9 are not blended (see
using the so-called rho axis method (RAM) described in tiee-li Fig.[}). The intensity of the lines in a A-E pair, when nonetf t
ature [Hougen et . 1994) and a model extended to include pétes in the pair is blended, is consistent with the expeotess,
turbation terms through eighth order. The spectroscopime- strengthening the identification of excited methyl formate
ters and the details on the fitting procedure are given inépep this source. The detected lines (observed frequency,ratied
from [Carvajal et d1.[(2097) in which a table presenting adl thintensity and line intensity) are listed in Taljle 2 togetimth
fitted experimental frequencies, measurement uncerairgal- the laboratory or calculated frequency, the quantum nusnbier
culated frequencies, observed-calculated values , leagths, the transition, its line strength and lower state energ fittst
energy levels as well as identification of the transitioagvail- column of Table[P indicates the line number which is used to
able as Supplementary data. label the lines in Fig[]1. The number in parenthesis points ou
For the detection in the W51 e2 spectrum, we have prthe A or E line associated to the transition when it is obsérve
vided a line-list of predicted line-center frequencies diné However about half of the lines are blended. Comments have
intensities based on an internal rotation model (RAM or RHegen added in Tablg 2 to indicate line blenders when they are
Axis Method). This method and the cddeleveloped was identified.
used for several molecules detected in the interstellariumed
(acetaldehyde, C¥COH, (Kleiner et a.[1996), acetamide The non-blended lines have been used to estimate the ro-
CH3zCONH,, (Hollis et al.[200p) and acetic acid GEOOH, tational temperature and column density of excited HCO@CH
(lyushin et a|.[2007). The laboratory measurements and psing the rotational diagram method (flg.2, Talile 4). Remij
dicted line frequencies of transitions in the first excitecstonal et al. (200R) have mapped W51 e2 with BIMA in two transitions
statewy=1 of methyl formate in the spectral range used in thef HCOOCH; at 228.629 GHz and 90.146 GHz. The size of the
present detection are presented in Tdble 1 together witlintae emission region in these lines is of aboutafd 12, respec-
tively. Adopting these values for torsionally excited HCO®y,

1 A version of the program is available at the web site
(httpy/www.ifpan.edu.ghkkisielintrotintrot.htribelgi) and other ver- 2 A prediction of the overall spectrum of methyl formate in the
sions can be available by I. Kleiner (see the web site for iideema- ground and first excited states, on a large frequency rangjeevpub-
tion). lished soon (Kleiner et al. in preparation).
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Fig. 3. Rotational diagram of methyl formate in the ground statéig. 4. Rotational diagram of the ethyl cyanide in the ground
(black crosses) and of methyl formate both in the ground asthte for diferent source sizes. For a source size ‘Ofbolack
excited states (red stars). The source size #$. The rota-

tional temperature and column density for methyl formatien

ground state are & = 199+ 28 K and N= 9.6"33 x 10" cm?
and Tt = 154+ 8 K and N= 5.6"29 x 10 cm™2 when the

ground and the first torsionally excited state are combiRed.
comparison the rotational diagram for the excited statg @l

plotted (blue curve).

crosses) we find a rotational temperature gf ¥ 103+ 9 K

and a column density of N 3.7*5¢ x10™ cm™2; for a source
size of 12'(red stars) we find J; = 114+ 11 K and N= 1.3

x10'6 x10% cm2.

blended and their energy covers a wide range, allowing togplo
rotational diagram (Fid|4). Adopting a source size ofd2for

Table 4. Temperature and column density of the detectdfie ground state of methyl formate, we find a rotational terape

molecules
Molecules Source size
7" 12’

HCOOCH; T (K) 176 + 24 199+ 28
u=0 N(cnm?)  17.018 x 10 9.6'99 x 10t

HCOOCH T(K) 104 + 14 131+ 20
=1 N(cnT?)  9.439x10  3.41°x10'

HCOOCH T(K) 144+ 7 154+ 8
u=0+u=1 N(cn?) 11.40°2x10° 56739 x 10

CH3;CH,CN T (K) 103+ 9 114+ 11
N(m?) 3798 x10° 1.793 x 10'

we find a rotational temperature and a column density@f=

131+ 20 K and N= 3.4°}° x10' cm2 for a source size of

12’and Tot = 104+ 14 K and N= 9.4°79 x10' cm for a

source size of ’7(Tab|e|]1). A separate analysis of the A and

lines of excited methyl formate gives compatible valueshini
the uncertainty, for the rotational temperature and colwaiem-

sity. Transitions from the ground state of HCOOghve been
detected too. Using the rotational diagram method we find f

HCOOCH; v1=0: Tyot = 199 + 28 K and N= 9.6ﬁ8‘8 x 106

cm2 for a 12”source (Fig|:|3). If we consider both lines fro

the ground state and from=1 we find T, = 154+ 8 Kand N

= 5.6%9 x 10'® cmr2 for a 12" source (Fig[]3, Tablg
temperatures and column densities have been used to medely

ture of Tt = 114+ 11 K and a column density N 1.7°33 x10°
cm2. Adopting a smaller source of’does not change signifi-
cantly the rotational temperature but changes the columsitje
: Trot = 103+ 9 K and a column density B 3.773° x10'° cm™2
(Table[}). '

Ethyl cyanide appears to be colder than previously found.
) adopt a temperature of 200 K and find an
abundance for this molecule of> 10'° cm™2. However their
analysis is based on lines having energies lower than 118 K. |
we limit ourselves to low energy transitions we find, = 184
K and a column density N 1.3x10 cm™2. [keda et a].[(2001)
fixegl Trot to 150 K and found a column density of N7 x10™
cm

We have searched for transitions from the first excited
bending mode (in-plane CCN bending mode) of ethyl cyanide
t 206 cm? (designated byp=1) and from the first torsional
xcited stateyy=1, at 212 cm'. These 2 states, together with
the CCN out-of-plane bending mode at 378 ¢mhave been
studied by{ Fukuyama etfal. (1999) in the 8-200 GHz range for J
and K; < than 16 and 2, respectively. Lines from the two lowest
Qhergy statesp=1 andv;=1 have been detected toward SgrB2
by [Mehringer et dl. [(2004). This paper presents the molecula

Mheory used for the spectral analysis of new measurements

of excited ethyl cyanide in the 85-400 GHz range for J and

4). Thesek, < than 50 and 15, respectively. However, the complete

lysis has not been published yet and the prediction for th

emission of methyl formate in the source. The comparisohef tjine frequencies and intensities was obtained from J. Bears
modelled spectra with the observations is shown in [ig. Bfor(private communication).

number of lines from HCOOCH v=1.

5. Ethyl cyanide

Most of the lines belonging to the excited statgs1 and
vp=1 are blended with other strong lines, identified or not
(Table@). However few lines allow the column density of vi-

Severals tens of lines from ethyl cyanide in the ground stege brationally excited ethyl cyanide to be constrained (Teﬂ:)le
observed in the spectra. A large number of these lines are kié¢ have estimated the upper limit on the abundance of ex-
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cited CHCH,CN by comparing the emission spectrum of exAll this tends to indicates that the LTE hypothesis is prdipabt

cited ethyl cyanide simulated with the LTE model with the obfully valid. However, despite these possible departurftd E,

served spectra, for flierent temperatures and column densitigbe rotational diagram method which implicitly assume tiidE

(Fig.ﬁ). Adopting the same temperature as the ground state (is reached and that all temperature are equivalent (e =TTin

K) and a higher temperature of 200 K we find that the columaT, = Tip), is the only one left for us to get an estimation of the

density of vibrationally excited ethyl cyanide is'f6m™2 and 5 excitation temperature since a statistical analysis isdrout by

x 10%5cm2, respectively. the absence of known collision rates for the studied mo&scul

The relevance of the LTE assumption within each rotational

level may also be evaluated by comparing the cloud density to

6. Methyl carbamate and glycine the critical density of each vibrational state. Collisibraes are

not known for molecules as complex as methyl formate or ethyl

The initial aim of the observations was to search for methy c cyanide. However, it is possible to estimate roughly thécz

bamate (NHCOOCH), an isomer of glycine (NbCH,COOH). nsity for these molecules by adopting the value of methano

; : d
Methyl carbamate has a strong dipole moment and is energﬁﬁ’eracting with H, of the order of a few 10 cnP.s”? (Pottage

gg%{ggg ff)t?m?etrks]?eqlgrlygggégiv(\)/g r_(la_ﬁzorr:)statgg;[]g;ake I gdfgogt al.|2004) and assuming it is the same for the ground and-vibr
. . SREC OF 4ional excited states. The Einstein 6agients of the rotational
methyl carbamate in the A torsional substate was studielaein

. - ransitions are in the range T910°° s™1. The critical density is
8-240 GHz frequency rangé (Bakri el Al 2p§2; llyushin t F1 o
P006). This study was recently extended by Gronerlef al.§p0 hus of the order of 1010° cm , i.e., comparable to the hydro-

> . en density in W51 e2 estimated to bg & 5(2) x 10° cm™3
who measured transitions of both A and E torsional substal%—% 200 : 2
up to 371 GHz. Our first analysis of the observations fro emijan et gl 2004). There is thus a competition between co

2003 was performed with a prediction of lines frequencied aI|s|0nal and radiative excitation and it is clear that theels are

intensities made for the A-transitions from the work fronkBa %robably not al] thermahzeq. . .
The excitation mechanism populating the observed excited

et al. (200R). We have then made a new analysis of our data . .
from 2003 and 2006 with the predictions givent Eﬁgate of methyl formate and ethyl cyanide may be infered

v In a similar way. The Einstein cfigcients for ro-vibrational
[@0a?). Y

transitions from the excited states to the ground state &re o
. the order of a few 10 s, much greater than for rotational
Several tens of lines from methyl carbamate were searcP}?g]
in spectral regions carefully chosen in order to avoid oritlim

sitions within the excited state (£010°® s™). Thus,
confusion with spectral lines from other molecules. Howev dopting the same value for the collisional rate as befofewa
we did not detect methyl carbamate in our data. FurthermO{

0! cmi.s1), the density needed to thermalize the levels in
despite everything, most of the lines are fully blended an

& excited state by collisions must be greater than thiealrit
: ; - ensity which is of the order of 6 cm3. The dust in W51

otr;ly \éery fewflmeshalllow ES to const\r/sgnlthg Ué)per limit oéth ﬁ12 hag a temperature of about 140|K (Sollins ¢{ al. P004) and

abundance of methyl carbamate in e2. By comparing t . ; —

simulated emission spectrum of methyl carbamate @ierint fus emits fiiciently at the wavelength of the excited states of

temperatures and source sizes with the observed spect h molecules. It is thus most probable that the excitei@sta

(Fig[§) we have constrained the upper limit of methyl caram of methy| forn;]ate ﬁmd bethyl Ify_anlde are populated by racati
in this source. For a small emission regiorfYand warm gas processes rather than by collisions.

(200 K) we found N< 5 x 10 cm~2. This upper limit decreases
as the rotational temperature goidthe size of the emission
source decreases. We findd\2 x 10 cm2 for T,o = 100 K
andés = 127and N< 8 x 1013 cm2 for T,o: = 50 K andds = 30”.

We find that the rotational temperature of the gas decreases
when the source size gets smaller. This is surprising since i
is expected that the deepest regions of hot cores are also the
warmest. The observed transitions are optically thin far th
o . dopted source sizes of "1@nd 7”. BIMA observations of
Numerous transitions from both conformers of glycine faﬁnethyl formate in W51 e2{ (Remijan ef| &l 2p02) show that the

within our observed spectral ranges. Glycine is not de‘m(:t%vmission region is smaller for high energy transition than f
in the spectra. Almost all the lines are blended and only feé 9 9 9y

! 7. low energy transition. The size of the emission region isiach
of them may be used to estimate roughly the upper limit ?Z’for the %5-6,4 transition at 90146 MHz corresponding to

glycine in W51 e2. This upper limit varies by an order of mag; | energy of 10 ¢t (15 K) and around Tfor the 1815175 15

nitude depending on the source size, and rotational terysera o .
Assuming a rotational temperature of 100 K the upper limit Otﬁarjsmon at 228629 MHz corresponding to an energy of 75

N : , ,
the column density of glycine is8 104 cn? for a 7’source size ﬁ)rzatélegc@al\ﬂ?ﬁg ,'anr:ﬁ;gg?]n;strignogfsﬁﬁu??;ﬁﬁgiﬁafed to
and 6x 103 cn? for a 30’source size. P y 9 y

cyanide in the ground and excited state and understand their
temperature distribution.

7. Discussion . . .
The presence of methyl formate in torsional excited state

We find that the rotational temperatures derived from tha-rotin_hot cores such as W51 e2 and Orion KL (Kobayashi gt al.
tional diagram analysis areftirent from the kinetic tempera-) is not surprising. Methyl formate is very abundant ésd
ture, Tkin = 153(21) K derived by Remijan etlalf (2004). Theorsional mode has a very low energy (188 K). By comparigon, i
rotational temperature of ethyl cyanide (103 - 114 K) is lowes not surprising that ethyl cyanide is mordfdiult to detect: it is
than Ty independently of the adopted source size. It is hightess abundant and its excited states lie at slightly highergy,
than T, if we consider methyl formate in its ground state (176around 300 K. However it is clear that observations havirtg be
199 K), lower if we consider only the excited state (104 - 131 Ker signal to noise, better spectral and angular resolusoch
and of the same order if we consider simultaneously the gtouas forthcoming observations from Herschel and ALMA, will
state and the first excited state of methyl formate (144 -1p4 Keveal much more lines from excited states of these molecule
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but also of abundant large molecules possessing low-fregue
vibrational states. For example dimethyl ether,;Ol&Hs, has

two torsional modes at about 203 and 242 ¢mnd transitions
from these modes should be present in the spectra of hot.cores
More generally, a large number of unidentified lines repbite

the spectra of hot molecular clouds should be due to transiti
from abundant molecules in excited states.
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Fig. 1. Detected lines from the first torsionally excited state ofgkeformate HCOOCH. The observations (histogram like curve)
are compared with LTE emission models of HCOQGH = 1with s = 7, Tiot = 104 K and N= 9.4 x10*® cm (red curve) and
with 6s = 12", T,ot = 154 K and N= 5.6 x 10'® cm (green curve). The numbered lines are transitions fromdoadly excited
HCOOCH;, see Tabl¢]2 for the attribution of each line.
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Table 1. Laboratory measurements, calculated frequencies andtlieegths for methyformate transitions in the first torainexcited state used
in the present detection.

J Ky K¢ P J Ky K P"  Obs. Freq Calc.Freq Calc.Unc Obs-Calc u°S E
Upper Staté Lower Staté (MHz)® (MHz)¢ (kHz*  (MHz)¢ (D)  (cmb)d

7 4 4 - 6 4 3 - 85327.104  85327.085 11 0.019 12.483 146.8606
7 4 3 + 6 4 2 + 85360.669 85360.823 11 -0.154  12.483 146.8610
7 3 5 + 6 3 4 + 85371.762  85371.789 11 -0.027 15.120 143.6253
7 -6 2 6 -6 1 85456.630 19 4,944 155.5393

7 4 3 6 4 2 85506.175 85506.179 16 -0.004 12,571 146.6097
7 -5 3 6 -5 2 85553.365 85553.288 17 0.077 9.123 150.4139
10 2 9 - 10 1 10 + 85664.038 85663.943 20 0.095 1.403 151.8343
11 4 7 + 11 3 8 - 85727.753 85727.728 18 0.025 3.078 162.4132
7 -4 4 6 -4 3 85743.967 85743.894 16 0.073 12.532 146.2356
7 2 5 + 6 2 4 + 88998.368 88998.415 12 -0.047  17.049 141.4958
7 2 5 6 2 4 89140.383 89140.366 18 0.017 17.051 141.0232
25 5 20 - 25 4 21 + 107021.644 361 8.289 274.8357

9 -2 8 8 -2 7 107022.162 107022.092 13 0.070 22.628 146.6924
10 1 9 - 9 2 8 - 107472.351 107472.387 15 -0.036 2.144  150.7587
9 -3 7 8 -3 6 111005.617 111005.582 19 0.035 20.800 149.1777
9 1 8 8 1 7 111094.105 111094.056 13 0.049 23.222 146.0900
12 0 12 + 11 0 11 + 131536.624 131536.653 12 -0.029 31.375 155.8502
12 0 12 11 0 11 131612.344 131612.301 13 0.043 31.558 155.3072
12 1 12 + 11 0 11 + 131764.316 131764.341 12 -0.025 4870 155.8502
11 5 7 + 10 5 6 + 134531.846 134531.833 13 0.013 23.125 164.8530
27 7 20 - 27 6 21 + 134545.609 582 8.581 304.5077
11 -7 5 10 -7 4 134545.615 134545.516 27 0.099 17.431 175.4588
35 8 27 + 35 7 28 - 134553.290 912 12.622 416.6235
11 5 6 - 10 5 5 - 134585.070 134585.141 13 -0.071 23.125 164.854
11 -3 9 10 -3 8 134713.629 134713.526 16 0.103 26.708 156.9827
11 5 6 10 5 5 134739.630 134739.629 19 0.001 23.251 164.7142
12 2 11 - 11 2 10 140020.525 140020.564 12 -0.039 30.616 958.9

11 2 9 + 10 2 8 + 140166.667 140166.713 12 -0.046 28.103 155.9781
12 -2 11 11 -2 10 140324.728 140324.699 12 0.029 30.787 1%58.52
13 -1 13 12 -1 12 142032.334 142032.293 14 0.041 34.222 159.70
13 0 13 + 12 0 12 + 142052.800 142052.735 14 0.065 34.029 160.2378
13 0 13 12 0 12 142125.416 142125.410 14 0.006 34.224 159.6973
13 1 13 + 12 0 12 + 142185.220 142185.198 14 0.022 5.339 160.2378
15 0 15 + 14 1 14 + 163042.398 163042.248 20 0.100 6.267 170.0683
15 1 15 + 14 1 14 + 163086.032 163085.873 20 0.159 39.344 170.0683
15 0 15 14 -1 14 163113.094 163113.156 18 -0.062 6.073 169.532
15 0 15 + 14 0 14 + 163118.722 163118.574 20 0.148 39.345 170.0657
14 1 13 13 1 12 163142.587 163142.607 14 -0.020 36.185 168.136
15 -1 15 14 -1 14 163154.325 163154.404 18 -0.079 39.561 289.5

15 0 15 14 0 14 163185.864 163185.922 18 -0.058 39.561 169.530
15 -1 15 14 0 14 163227.097 163227.169 18 -0.072 6.074 169.530
16 O 16 + 15 1 15 + 173616.616 173616.407 25 0.209 6.727 175.5082
16 1 16 + 15 1 15 + 173641.411 173641.171 25 0.240 42.007 175.5082
16 O 16 + 15 0 15 + 173660.281 173660.032 25 0.249 42.007 175.5068
16 O 16 15 -1 15 173683.479 173683.597 23 -0.118 6.525 174.974
24 3 21 - 24 2 22 + 173704.470 241 4.324 254.0651
16 -1 16 15 -1 15 173706.683 173706.807 23 -0.124 42.232 134.9

16 O 16 15 0 15 173724.731 173724.845 23 -0.114 42.232 173.973
16 -1 16 15 0 15 173747.990 173748.055 23 -0.065 6.525 173.973
16 5 11 15 5 10 198384.885 198384.966 32 -0.081 38.205 193.388
26 8 19 - 26 7 20 + 198429.332 290 6.921 297.4256
16 5 11 - 15 5 10 - 198539.350 30 38.279 191.5148
16 -5 12 15 -5 11 198578.563 198578.589 33 -0.026 38.090 %93.0

19 3 16 - 18 4 15 - 207295.959 118 2.804 208.1331
17 12 5 + 16 12 4 + 207354.058 101 12.640 252.9573
17 12 6 - 16 12 5 - 207354.058 101 12.640 252.9573
17 -13 5 16 -13 4 207376.777 145 18.783 264.5661
17 9 8 16 9 7 207397.312 68 32.511 223.9160

continued on next page
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Table 1. Laboratory measurements, calculated frequencies andtlieegths for methyformate transitions in the first toralnexcited state used

in the present detection. — continued from previous page

J Ky K¢ P J Ky K P"  Obs. Freq Calc.Freq Calc.Unc Obs-Calc u°S E

Upper Staté Lower Staté (MHz)® (MHz)¢ (kHz*  (MHz)¢ (D)  (cmb)d
17 11 7 + 16 11 6 + 207404.993 81 26.248 242.2767
17 11 6 - 16 11 5 - 207404.993 81 26.248 242.2767
17 10 8 - 16 10 7 - 207500.297 66 29.526 232.5324
17 10 7 + 16 10 6 + 207500.297 66 29.526 232.5324
19 2 18 - 18 1 17 - 215130.469 47 6.562 199.2115
18 5 13 - 17 5 12 - 225648.010 57 44.072 205.2072
19 2 17 + 18 2 16 + 225702.569 46 48.659 203.7419
6 6 1 - 5 5 0 - 225727.540 30 2.592 148.5921
6 6 0O + 5 5 1 + 225727.552 30 2.592 148.5921
18 5 13 17 5 12 225756.154 54 43.428 205.0713
7 6 1 + 6 5 2 + 237899.077 27 2.594 151.0254
20 3 18 + 19 2 17 + 237969.273 58 5.371 211.2706
37 7 31 + 37 6 32 - 238027.934 1642 8.537 434.5487
20 -14 7 19 -14 6 244000.464 195 27.134 299.1664
20 15 5 - 19 15 4 - 244048.806 207 23.017 312.5791
20 15 6 + 19 15 5 + 244048.806 207 23.017 312.5791
19 4 15 + 18 4 14 + 244066.113 79 48.355 209.5678
27 1 26 - 27 0 27 + 244066.575 470 1.456 268.2307
20 14 6 + 19 14 5 + 244073.956 178 20.522 299.0954
20 14 7 - 19 14 6 - 244073.956 178 20.522 299.0954
20 10 10 19 10 9 244112.669 108 39.852 254.7516
20 13 7 - 19 13 6 - 244119.960 154 24.670 286.5471
20 13 8 + 19 13 7 + 244119.960 154 24,670 286.5471
20 12 8 + 19 12 7 + 244198.512 134 34.020 274.9352
20 12 9 - 19 12 8 - 244198.512 134 34.020 274.9352
20 -13 8 19 -13 7 244207.619 159 30.739 286.5459

aUpper and lower state transitions quantum numbers. Théagnt quantum number J, and the asymmetric rotor labglarnd K. are identified

for each energy level. For the A symmetry species, P is thigymprantum number, for the E species, P is not defined, idstba K, label has a
signed value[(Hougen et| 4; llyushin 007). Nio& this information has been suppressed in Tgble 2, otberive quantum number

labeling is the same.

bObserved laboratory frequencies in MHz frpm Ogata p{alD420the experimental uncertainty is 50 kHz for all measilires.

Calculated frequencies, uncertainties and obs-calc saiue from 07) for the measured lines, thdigted frequencies and
uncertainties for unmeasured lines is from Kleiner et alv§pe communication).

dlower state energy in cm, relative to the 3K=0 A species levels, set as zero energy.
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Table 2. Detected transitions of the first torsionally excited stftelCOOCH; in W51 e2.

Transitior? Su? E Frequency Obs. frequertty f TrmpAVE Tmp Comment

(D?) (cmd) (MHz) (MHz)  (Kkm.s1) (mK)

1(8) 7@.4)-6(4,3) A 125 146.86  85327.104 85326.864 122 7 8

2(5) 7(4,3)-6(4,2) A 12.5 146.86 85360.669 85359.685 040 1 8

3 7(3,5) - 6(3,4) A 15.1 143.62  85371.762 85371.871 067 102

4 7(6,2) - 6(6,1) E 494 15553 85456.630 85456.067 14.33 3118H;CCH

5(2) 7(4,3) - 6(4,2) E 12.6 146.60  85506.175 85506.053 057 4 8

6 7(5,3)-6(5,2) E 9.12 150.40 85553.365 85553.361 0.54 78

7 10(2,9) - 10(1,10) A 1.40 151.83  85664.038 85664.621 1.06 1 &HsCN

8(1) 7(4,4)-6(4,3) E 12.5 146.22 85743.967 85743.915 0.7902 1

9(10) 7(2,5)-6(2,4) A 17.0 141.50 88998.368 88997.692 0.77 83

10(9) 7(2,5)-6(2,4) E 17.1 141.01 89140.383 89140.161 1.20120

11 25(5,20) - 25(4,21) A 8.29 274.84 107021.644 107021.862 .99 1 186

12 9(2,8)-8(2,7) E 22.6 146.68 107022.162 - - -

13 10(1,9)-9(2,8) A 2.14 150.76 107472.351 107472.400 0.27 45

14 9(3,7)-8(3,6) E 20.8 149.16 111005.617 111005.832 2.6761 2

15 9(1,8) - 8(1,7) E 232 146.08 111094.105 111094.010 22744 2

16(17) 12(0,12) - 11(0,11) A 314 155.85 131536.624 131%856. 3.53 407

17(16) 12(0,12)-11(0,11) E 31.6 155.29 131612.344 130812, 3.97 410

18 12(1,12) - 11(0,11) A  4.87 155.85 131764.316 131765.100 701 100 $8O

19 11(5,7) - 10(5,6) A 23.1 164.85 134531.846 134531.411 434478 SQu=1

20 27(7,20) - 27(6,21) A 8.58 304.51 134545.609 134546.431 957 630 GH,LCN +3S0,

21 11(7,5)- 10(7,4) E 17.4 175.45 134545.615 - - - -

22 35(8,27) - 35(7,28) A 12.6 416.62 134553.290 134553.647 710 991 3330,

23(25)  11(5,6),- 10(5,5) A 23.1 164.85 134585.070 13455312 468 382 GH.CNu,up=1and ?

24 11(3,9) - 10(3,8) E 26.7 156.97 134713.629 134713.062 9 3.5 456

25(23)  11(5,6)-10(55) E  23.3 164.70 134739.630 134780.11 355 386

26(28) 12(2,11) - 11(2,10) A 30.6 159.00 140020.525 140029. 2.96 472

27 11(2,9) - 10(2,8) A  28.1 155.98 140166.667 140166.502 2 3.4 528

28(26) 12(2,11) - 11(2,10) E 30.8 158.50 140324.728 14@224. 7.66 470

29 13(1,13)-12(1,12) E  34.2 159.69 142032.334 142031.811 52 4 586

30(31) 13(0,13) - 12(0,12) A 34.0 160.24 142052.800 14852, 5.95 724

31(30) 13(0,13)-12(0,12) E 342 159.68 142125.416 142B55. 401 559

32 13(1,13)-12(0,12) A 5.34 160.24 142185.220 142184.202 810 121

33(35) 15(0,15) - 14(1,14) A 6.27 170.07 163042.398 1630BI2. 232 363

34(38) 15(1,15) - 14(1,14) A 39.3 170.07 163086.032 163086. 6.39 884 HCOOCkhy=0

35(33) 15(0,15)- 14(1,14)E  6.07 169.52 163113.094 16BEE3. 511 549 S@

36(39) 15(0,15) - 14(0,14) A 39.3 169.52 163118.722 163288. 19.40 2184 SO

37 14(1,13)-13(1,12) E  36.2 168.12 163142.587 163141.991 .69 7 967

38(34) 15(1,15) - 14(1,14) E 39.6 16252 163154.325 16B1E3. 8.99 855

39(36) 15(0,15)- 14(0,14) E  39.6 169.52 163185.864 1685, 515 679

40 15(1,15) - 14(0,14) E 6.07 169.52 163227.097 163227.290 .23 4 448

41(44) 16(0,16) - 15(1,15)A  6.73 17551 173616.616 173BXY. 1.80 177

42(46) 16(1,16) - 15(1,15) A 42.0 17551 173641.411 173535. 15.14 1288 HCOOCH,=0

43(47) 16(0,16) - 15(0,15) A  42.0 17551 173660.281 173650. 412 380

44(41) 16(0,16) - 15(1,15) E 6.50 175,51 173683.479 173836. 17.8 5300 CkCHO

45 24(3,21) - 24(2,22) A 4.32 254.06 173704.470 173706.183 .03 9 644

46(42) 16(1,16)-15(1,15) E 422 174.96 173706.683 17383. - -

47(43) 16(0,16) - 15(0,15) E  42.2 174.97 173724.731 175E84. 2.02 479

48 16(1,16) - 15(0,15) E 6.6 17497 173747.990 173748.150 94 3. 264

49(51) 16(5,11)-15(5,10) E  38.2 191.37 198384.885 198384, 523 467

50 26(8,19) - 26(7,20) A 6.92 297.43 198429.332 198428.202 671 231 c-GHs

51(49) 16(5,11) - 15(5,10) A 38.3 191.52 198539.350 198001 19.44 1400 HCOOCH/ =0

52 16(5,12) - 15(5,11) E 38.1 191.05 198578.563 198577.928 .20 3 484

53 19(3,16) - 18(4,15) A 2.8 208.13 207295.959 207296.361 16 5. 159 CHCH,CN

54 17(12,5) - 16(12,4) A 21.2 25296 207354.058 207352.197 575 557

55 17(12,6) - 16(12,5) A 21.2 252.96 - - - -

56 17(13,5) - 16(13,4) E 18.8 264.55 207376.777 207378.506 1.461 995 CHNH

57 17(9,8)-16(9,7) E 325 223.90 207397.312 207396.134 2 8.6 758

58 17(11,6) - 16(11,5) A 26.2 242.28 207404.993 207404.612 675 690

59 17(11,7) - 16(11,6) A 262 242.28 - - - -

60 17(10,8) - 16(10,7) A 29.5 232,53 207500.297 207499.521 .8 4 897

61 17(10,7) - 16(10,6) A 29.5 232.53 - - - -

62 19(2,18) - 18(1,17) A 6.56 199.21 215130.469 215130.828 592 394 CHCH,CN

63(67) 18(5,13)-17(5,12) A 44.1 20521 225648.010 225547 . 5.16 1103 HCOOCH/=0

64 19(2,17)- 18(2,16) A  48.7 203.74 225702.569 225698.559 84 11400 HCO

65 6(6,1) - 5(5,0) A 2.59 148,59 225727.540 225726.732 2.55 72 3CH,DCN

continued on next page
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Table 2. Detected transitions of HCOOGH=1 in W51 e2 — continued from previous page

Transitior? Su? E Frequency Obs. frequertty f TrmpAVE Tmp Comment
(D?»  (cm™) (MHz) (MHz) (Kkm.sl) (mK)

66 6(6,0) - 5(5,1) A 259 14859 225727.552 - - - -
67(63) 18(5,13)-17(5,12) E 43.4 205.06 225756.154 228755, 73 927
68 7(6,1) - 6(5,2) A 25.6 229.84 237899.08 237896.263 15.916671 NHCHO
69 20(3,18) - 19(2,17) A 537 211.27 237969.273 237969.938 2.80L 1.186 unidentified species
70 37(7,31)-37(6,32) A 854 43455 238027.934 238026.742 A21 122
71 20(14,7) -19(14,6) E  27.1 299.15 244000.464 243999.803 .82 7 596
72 20(15,6) - 19(15,5) A 23.3 312.58 244048.806 244048.230 0.33® 10.84 HCS
73 20(15,5) - 19(15,4) A 23.3 312.58 - - - - -
74 19(4,15) - 18(4,14) A 18.4 209.57 244066.113 244066.720 495 730
75 20(14,7)-19(14,6) A  14.2 299.10 244073.956 244073.440 .54 3 314 unidentified species
76 20(14,6) - 19(14,5) A 14.2 299.10 - - - -
77 20(10,10) - 19(10,9) E  39.9 254.74 244112.669 244112.254 2.65 677
78(82) 20(13,8)-19(13,7) A 21.0 286.55 244119.960 244008 2.95 886

9 20(13,7)-19(13,6) A 21.0 286.55 - - - -
80 20(12,8) - 19(12,7) A  34.0 274.94 244198.512 244198.232 43 7 1107
81 20(12,9)-19(12,8) A 34.0 274.94 - - - -
82(78) 20(13,8)-19(13,7)E  30.7 286.54 244207.619 24445 7.33 893 unidentified species

aThe notation for the quantum numbers is the same as fpbleepeﬂtat it does not contain information on the parity of tiel, i.e. the signs

presentin TabIH 1 (associated tgfiér the E species and in a separate column for the A specigs)ldeen suppressed.
bObserved frequencies for a systemic velocity @f ¥ 55.3 km.s?.
The line width is of the order of 7-8 knts
4This column indicates the molecules blended with the deteEfCOOCH wv;=1 transitions.

The dashes indicates that the value is the same as the oreeprettious line.



K. Demyk et al.: Detection of vibrationally excited methgkrfnate in W51 e2 13

Table 3. Detected transitions of excited GBH,CN (vp = 1 andy; = 1) in W51 e2.

Transition State & E, Frequency Obs. frequertty f TmpAVP Tmp Comment
(D?) (cm?) (MHz) (MHz) (Kkm.s?) (mK)

1154 — 1053 nw=1E 116.0 281.68 98463.46 98462.15 0.82 62

11g3 — 105, v =1E - - 98464.02 - - -

114 — 105, v = 1A - - 98464.27 - - -

11g3 — 1053 v = 1A - - 98464.32 - - -

1193 — 10y, v =1E 79.2  295.40 98538.53 98537.9 (c) <15 CHCH,CN

119, — 1093 v =1E - - 98538.84 - - - -

1193 — 1093 v = 1A - - 98539.10 - - - -

119, — 10y v = 1A - - 98539.11 - - - -

11;,- 103 v, =1E 156.3 258.45 98556.61 98557.5 (c) <50 (c)

117’5 - 107’4 Up = 1E - - 9855688 - - - -

11,5 - 10735 v = 1A - - 98557.12 - - - -

1174 - 1074 vp = 1A - - 98557.27 - - - -

1166 — 1055 v, =1E 188.1 248.92 98617.87 98619.1 2.2 105 (d)

1165 — 1054 v, = 1E - - 98617.91 - - - -

1166 — 1054 v = 1A - - 98618.09 - - - -

115’5 - 1%’5 Up = 1A - = 98618.19 - - - -

1145 — 1047 nw=1A 237.0 24251 98619.45 - - - -

1157 - 1055 vy=1A 199.0 249.94 98620.23 - - - -

1156 — 1056 v = 1A - - 98620.33 - - - -

1145 — 1047 nw=1E 237.0 24251 98620.38 - - - -

1157 — 1056 w=1E 212.8 249.94 98620.41 - - - -

1147 — 1046 nw=1A 237.0 24251 98620.80 - - - -

114’7 - 104,6 Ut = 1E - - 9862082 - - - -

1156 — 1055 w=1E 2128 249.94 98621.02 - - - -

1145 — 10,7 vp=1A 240.4 234.40 98735.64 98736.0 0.38 31

1147 — 1046 v, =1E 233.2 - 98735.77 - - -

1145 — 10,7 v, = 1E - 234.40 98738.68 98738.8 0.57 75

1147 — 1046 v =1A 2404 - 98739.06 - - -

12,1, - 11313 v =1E 297.2 229.03 107088.63 107088.5 0.52 50 ,H{OH ?

12,11 - 11519 v = 1A - 229.03 107088.81 - - - -

12,11 - 11519 nw=1A 2945 23576 107101.61 107101.2 0.34 37

12,11 - 11319 v =1E - 23576 107102.25 - - -

1254 — 1153 w=1E 165.6 272.74 107251.81 107252.3 0.53 40

1235 — 1154 v, = 1E - - 107252.50 - - -

1255 — 1153 vp = 1A - - 107252.56 - - -

125, — 11g4 v = 1A - - 107252.93 - - -

1235 — 11g4 w=1E 148.1 284.97 107420.75 107420.9 0.80 40 (d)

125, — 1153 v =1E - - 107421.34 - - - -

1235 — 1153 v = 1A - - 107421.59 - - - -

125, — 11g4 v = 1A - - 107421.66 - - - -

15410 — 14411 nw=1A 333.4 257.47 134571.52 134571.2 () <10 (c)

1510 — 14311 w=1E 329.8 257.47 134576.01 - - - -

15513 — 14315 nw=1A 3495 251.67 134589.47 134590.2 0.46 60 HCOGgH 1

1513 - 1412 v =1E - - 134590.45 - - - -

1510 — 1459 v, =1E 318.4 255.87 134616.20 134616.1 3.23 135 (d)

159 — 1465 vy = 1E - - 134616.38 - - - -

1511 — 14510 vp=1A 297.7 255.87 134616.44 - - - -

15510 — 1459 v = 1A - - 134616.58 - - - -

15115 — 1414 w=1E 140.1 326.77 134640.95 134640.4 1.93 257

15115 — 14113 v = 1A - - 134641.10 - - -

15114 — 1413 v, = 1E - - 134641.11 - - -

15114 — 14114 v = 1A - - 134641.12 - - -

15154 — 14153 v, =1E 104.7 343.90 134648.79 134648.1 2.37 132 (d)

15153 — 1412, v, = 1E - - 134648.90 - - - -

15_|_24 - 14122 Up = 1A - - 13464898 - - - -

15153 — 14423 v = 1A - - 134649.00 - - - -

15106 — 1405 w=1E 175.0 311.15 134650.29 - - - -

15106 — 14104 v = 1A - - 134650.34 - - - -

15_|_Q5 - 1410’5 Up = 1A - = 134650.34 - - - -

15105 — 14104 v, = 1E - - 134650.49 - - - -

1533 — 14132 v, = 1E 69.2 362.56 134666.30 131667.6 (c)<10 (c)

15137 — 14131 v, = 1E - - 134666.33 - - - -

15133 — 14131 v = 1A - - 134666.49 - - - -

15_|_32 - 14132 Up = 1A - - 13466650 - - - -

1597 — 1495 v, =1A 209.4 297.07 134703.14 134702.7 0.98 103

continued on next page
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Table 3. Detected transitions of excited GBH,CN (v, = 1 andv; = 1) in W51 e2 — continued from previous page

Transition State I3 E, Frequency Obs. frequertty f TrpAVP Ty Comment
(D?» (cm?) (MHz) (MHz) (K.km.s1') (mK)
1556 — 1495 vp = 1A - - 134703.26 - - -
1557 — 1496 wp = 1E - - 134703.45 - - -
1556 — 1495 v = 1E - - 134703.54 - - -
2323 — 2252, w=1E 514.8 280.29 198463.40 198465.5 4.17 348 unidentifieciespe
23023 — 222, v, = 1A - - 198463.42 - - - -
23,19 — 22418 w=1E 485.2 293.79 207396.15 207397.5 8.58 758 HCOQCH1
23420 — 22419 vp = 1A - 293.79 207396.27 - - - -
2315 — 2215 vw=1A 5025 290.47 207415.76 207240.2 6.69 568 HCOQgH 1
23173 — 2215, v =1E - 290.47 207417.59 - - - -
24024 — 231 23 nw=1E 188.2 293.36 207446.75 207446.0 (c)<15 GHsOH
24024 — 23123 vp=1A 186.9 293.36 207447.53 - - - -
241114 — 231113 w=1E 3255 39352 215133.09 215132.5 (ck 380 unknown species
241113 - 231112 v =1E - - 215133.41 - - ..
241]44 - 2‘?’-|-L12 Ut = 1A - - 21513413 - - - -
241113 - 231113 v =1A - - 215134.19 - - ..
25421 — 24459 w=1E 511.8 307.94 225715.53 225714.7 (ck 228 (c)
2525 — 24451 vp = 1A - - 225715.61 -
27423 — 26427 vp=1E 534.4 323.30 244142.10 244139.3 3.94 288
27424 — 26423 v = 1A - - 24414213 - - i
28,57 — 27126 vw=1A 539.3 327.94 250318.38 250316.2 2.7 298

28,57 — 27226 nw=1E 269.5 327.94 250319.81 - - -

28,57~ 27226 v =1E - - 250319.81 - - -
281513 - 27512 v =1E 273.8 486.17 251372.86 251373.7 (c)<10 (o)
281514 — 271513 wp = 1E - - 251373.06 - - - -
281514 — 21512 vp = 1A - - 251373.29 - - - -
281513 — 271513 vp = 1A - - 251373.32 - - -

a0bserved frequencies for a systemic velocity @f ¥ 57 knys.

bThe line width is of the order of 7-8 knt's

‘Line within the noise, a gaussian fit could not be made, caimstithe abundance of excited ethyl cyanide.

dVery broad lines, v > 15kms™), due to the blending of several excited ethyl cyanide itims andor to the blending with an unknown
species.

The dashes indicates that the value is the same as the oreepretfious line.



