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Fast-scan spectroscopy

To study a molecular spectrum in detail one needs to cover all the frequency range
whenever it's possible. Otherwise - at least several hudreds of GHz

Broadband spectra provide sufficient variety of quantum numbers and selection
rules

The goal of the fast-scan: to minimize spectral acquisition time, keeping high
sensitivity, resolution, and measurement accuracy.

Fast-scan: a must-have for the detailed studies of unstable or rare molecular
species
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Fast frequency sweep with absolute
frequency control
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Direct digital synthesis
‘Extremely high resolution (up to 10-¢ Hz)
*Very fast frequency switching (up to 10 ns)
*Frequency switching with continuous phase
*The frequency is synthesized: inheriting stability and spectral purity of the
reference clock
*May be used for generating chirp with DDS (Finneran et al. 68th ISMS,
WH16)
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DDS-based fast scan spectrometer (1st
version: BWO'’s based - 2010)

— Unstable or dangerous species

« Ethyl and Vinyl-Tellurol (Motiyenko et al. J. Phys. Chem. A, 114, 2794
(2010); J. Phys. Chem. A 114 12202 (2010))

» Di-isocyanomethane (Motiyenko et al. A&A 544, A82 (2012))

« Ethylmercury Hydride (M. Goubet et al. J. Phys. Chem. A 116, 5405
(2012))

o
>

17 GHz spectrum recorded in =20 min (0.024 MHAz frequency step)
1 ab initio: B+C = 5.45 GHZ f=B+C)(J+1)
] | . 5.34 GHz ~ B+C
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Lille’s fast solid state device spectrometer
150-1500 GHz (03/2015)

DDS
320-420 MHz
| LNA - DDS-based synthesizer allows
Ba:jgass_ N\ Pout ® 10 dBm very fast frequency switching
filter | with high resolution and
AMG-X contu_u.J(?us p_hase |
« Acquisition time: 1 ms/point
Synthesizer Schotty (minimal: 100 ps/point)
Agilent E8257D mu|tip|iers
9.9-18.33 GHz LI - 2.2 m, @6 cm :
FM Reference \L Absorbing cell 1\
Ethernet hub |e——] SR7270 InSb
DSP Lock-in |« }‘— Bolometer
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from Rb
clock
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DSP Lock-in Micro-USB port

Microcontroller

Arduino Due Power
supply
DDS AD9915 YIG bandpass
eval. board filter
0 -1000 MHz
RF low-noise
amplifier

Amplifier 10 MHz
+ filter

: i1
. amplifier _ :
Input: 10 MHZ320 420 MHZInput, RF Output: RF £ DDS

DIY system by R. A. Motiyenko, E. A. Alekseev (Karkhiv, Ukraine)
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Fast frequency sweep and spectral measurements

Lock-in
Modulated .
Experiment detector
source
T
Frequency When the time between two succesive
switching time measurements is equal to 5t the error in

frequency determination is about 0.1% of
frequency step
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More about 5t rule:

PHYSICAL REVIEW A 90, 042506 (2014)

ES

Absorption-line-shape recovery beyond the detection-bandwidth limit: Application to the precision
spectroscopic measurement of the Boltzmann constant

E. Rohart,' S. Mejri,>* P. L. T. Sow,>* 8. K. Tokunaga,** C. Chardonnet,>* B. Darquié,>’ H. Dinesan," E. Fasci,'
A. Castrillo," L. Gianfrani,* and C. Daussy™*"
! Laboratoire de Physique des Lasers, Atomes et Molécules, UMR CNRS 8523, Université de Lille 1, F-59655 Villeneuve d'Ascq cedex, France
( NRS L‘HR 7“8 Lahummm dc Ph\su/m du Lu.u rs, I~ 944 30 \’llh taneuse, I-runu

t., =50 us —) T= 10 us > f__>500 kHz €% f_ should not exceed linewidth!!!

g ti,, =500 us - t =100 ps - f,,,4>50 kHz (typically S0 — 100 kHz)




OCS test: spectral purity

12C
« No « fake lines »
* 1 ms per point S . VerySensitive:
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Noise tests:CHD,OH
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« Acquisition times are the same: 35 ms per
point

 Frequency step is 30 kHz: 20 min per GHz

* No signal to noise ratio difference: the new

WW’”"\ MK \ system is more complex but not noisier

L. Margules et al., EU/COST CM1401 « Nitrogen
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« DDS set up »
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« Still very sensitive: 1ms/point is a good compromise
« Test done with solid state detectors less sensitive than bolometer

Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen
£1 TECANOLOGIES Franctionation in space », Copenhague 8-9 nov 2017




« DDS set up » with THz chain

« Red: 60 GHz in 221 min - Old set-up: 35ms/pt) CH,DOH
 Blue: 60 GHz in 26 min - DDS set-up 1ms/pt
with 4 acq. per pt: 9 X faster

b

 Frequency step: 162 kHz
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“» No additional noise due to DDS with higher multiplication factor in THz
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Intensity in a. u.
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Lille's fast spectrometer

Typical: Acqg. time 1ms/point - 4 acq. per point

Frequency step from 30 kHz at 150 GHz to 162 kHz above 1 THz
Cheap system: most expensive part « to speed up » is the filter
No frequency calibration needed: frequency is always synthesized

We designed a fast decade spanning spectrometer
(0.15-1.5 THz). Less than 24h is needed at high

resolution (Doppler limited) and sensitivity to record
the all range
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Outline

« Lille’s N-bearing COM’s projects
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2 atoms
H2
AlF
AlCl
CZ**
CH
CH+
CN
co
CO+
cpP
SiC
HCI
KClI
NH
NO
NS
NaCl
OH
PN
SO
SO+
SiN
SiO
SiS
CS
HF
HD
FeO?
02
CF+
SiH ?
PO
AlO
OH+
CN-
SH+
SH
HCl+
TiO
ArH+
N2
NO{E_V

-

3 atoms
Cc3*
C2H
C20
C2S
CH2
HCN
HCO
HCO+
HCS+
HOC+
H20
H2S
HNC
HNO
MgCN
MgNC
N2H+
N20
NaCN
0ocCs
S02
c-SiC2
COo2 *
NH2
H3+ (*)
SiCN
AINC
SiNC
HCP
Cccp
AIOH
H20+
H2Cl+
KCN
FeCN
HO2
TiO2
C2N
Si2C

= £ oiEvANULY

4 atoms
c-C3H
I-C3H
C3N
C30
C3s
C2H2*
NH3
HCCN
HCNH+
HNCO
HNCS
HOCO+
H2CO
H2CN
H2CS
H30+
c-SiC3
CH3 *
C3N-
PH3
HCNO
HOCN
HSCN
H202
C3H+
HMgNC
HCCO

5 atoms
C5*
C4H
C4Si
|-C3H2
c-C3H2
H2CCN
CH4 *
HC3N
HC2NC
HCOOH
H2CNH
H2C20
H2NCN
HNC3
SiH4 *
H2COH+
C4H-
HC(O)CN
HNCNH
CH30
NH4+
H2NCO+(?)
NCCNH+
CH3Cl 2017

6 atoms
C5H
I-H2C4
C2H4*
CH3CN
CH3NC
CH30H
CH3SH
HC3NH+
HC2CHO
NH2CHO
C5N
|-HC4H *
|-HCAN
c-H2C30
H2CCNH (?)
C5N-
HNCHCN
SiH3CN 2017

10 atoms
CH3C5N
(CH3)2CO
(CH20H)2
CH3CH2CHO
CH3CHCH20

7 atoms
C6H
CH2CHCN
CH3C2H
HC5N
CH3CHO
CH3NH2
c-C2H40
H2CCHOH
C6H—-
CH3NCO
HC50 2017

11 atoms
HCON
CH3C6H
C2H50CHO
CH30C(0)CH3

8 atoms
CH3C3N
HC(O)OCH3
CH3COOH
C7H

C6H2
CH20HCHO
|-HC6H *
CH2CHCHO (?)
CH2CCHCN
H2NCH2CN
CH3CHNH
CH3SiH3 2017

12 atoms
c-C6He6 *
n-C3H7CN
i-C3H7CN
C2H50CH3?

9 atoms
CH3C4H
CH3CH2CN
(CH3)20
CH3CH20H
HC7N

C8H
CH3C(O)NH2
C8H-

C3H6
CH3CH2SH(?)
CH3NHCHO? 2017

>12 atoms
HC11IN ?
C60 *
C70*
C60+ *

N-bearing
molecules in ISM

1is table from: http://
ww.astro.uni-koeln.de/
Ims/molecules (10/2017)

almost 200 molecules have been detected in the interstellar medium or

circumstellar shells (CDMS)

Almost 30 nitrile molecules, which contain the cyano group (C=N), have
been detected in the (ISM) so far
Only few species with two nitrogen detected (malonitrile - (CN),CH,??)
Nitrogen chemistry is difficult and widely unknown




Ethyl cyanide CH;CH,CN

Ethyl cyanide, also known as propanenitrile or propionitrile, has been

observed in abundance in hot molecular clouds in the range 40-950 GHz
(1st ISM detection: Johnson, D. R., et al. 1977, Ap], 218, 370)

St anamess -C detection Agtronomy_ s we 15N detection Astronomy
O- E502007 Astrophysics O Es02009 Astrophysics
Isotopic ethyl cyanide 13CH;CH,CN, CHy'°CH,CN, Rotational spectrum of deuterated and 5N ethyl cyanides:
and CH;CH,'°CN: Iaborat?r:)é) :ci)ct:‘t‘len‘al spectrum and detection CH;CHDCN and CH,DCH,CN and of CH;CH,C'*N" ** *
L. Margulés] ,R. Motiyenko', K. Demykz, B. Tercero®, J. Cemicharo®, M. Sheng“, M. Weidmann®, J. Gripp",
K. Demyk!, H. Mider?, B. Tercero®, J. Cernicharo®, J. Demaison!, L. Margulés!, M. Wegner2, H. Mider#, and J. Demaison'
S. Keipert?, and M. Sheng?

2 1st i ) .
DO: 10.1051/0004-361/201628309 d ete ction of doubl Y %tronomy DOT: 10.105110004 4361201630231 no detection tronomy
©ES02016 subtitled 13C Astrophysics Es0217 trophysics

Spectroscopic study and astronomical detection The millimeter and sub-millimeter rotational spectrum of triple

of doubly '3C-substituted ethyl cyanide* 3C-substituted ethyl cyanide*
A. Q. Pienkina', L. Margulds', R. A. Motiyenko, H. S. P. Miiller’, and J.-C. Guillemin®

L. Margules', A. Belloche?, H. S. P. Miiller®, R. A. Motiyenko', J.-C. Guillemin®*, R. T. Garrod®, and K. M. Menten?

Excited vibrational state study (Vbending = 206 cm™ and Vtorsion = 213 cm™1)
of 13C species in collaboration with JPL (B. Drouin group)

Franctionation in space », Copenhague 8-9 nov 2017
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Formamide NH,CO

« Formamide (HCONH,) is the simplest molecule with a peptide bond
detected in the interstellar medium (Rubin, R. H., et al. 1971, ApJ, 169, L39)
« it has been shown that of all possible simplest interstellar molecules

that contain a peptide bond, formamide is the most stable energetically
(Lattelais, et al. 2010, A&A, 519, A30)

ﬁgﬁ 1532’0?17/103%13261/201220033 s—tronomy
D £502012 Astrophysics | * V;, = 289 cm~!. All other

excited vibrational states lie

-1
Rotational spectrum of formamide up to 1 THz and first ISM above 500 cm ) _
detection of its v;, vibrational state’ « 13C also measured in this work

R. A. Motiyenkol, B. Tercero?, J. Cernicharo?, and L. Margulésl

A&A 590, L6 (2016)
. tronomy
DOI: 10.1051/0004-6361/201628612
DOL: 10,103 11000-63811201220375 AStronomy_ ©ESO 2016 Astrophysics
Ok ESO2013 Astrophysics
LETTER TO THE EDITOR
The extended spectroscopic database for deuterated species . The ALMA-PILS survey: First detections of deuterated formamide
of formamide up to 1 THz and deuterated isocyanic acid in the interstellar medium
A.S. Kutsenko!, R. A. Motiyenko', L. Margulés', and J.-C. Guillemin? A Coulens'M H. D. van der Wiel’, H. S. P. Miiller’, J. M. Lykke?, P. Bjerkeli**, T. L. Bourke®,
H. Calcutt’, M- N-Brozdovskaya®, C. Favre’, E. C. Fayolle®, R. T. Garrod”, S. K. Jacobsen”, N. E. W. Ligterink®,
K. I. Oberg®, M. V. Persson®, E. F. van Dishoeck® %, and S. F. Wampfler®

Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen

Franctionation in space », Copenhague 8-9 nov 2017
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N-methylformamide: CHNHCHO

« structural isomer of the known interstellar molecule acetamide,
CH.C(O)NH,

« Both molecules contain a peptide bond which is the characteristic
chemical bond linking amino acids in proteins
 N-methylformamide can also be seen as a partially hydrogenated

form of methyl isocyanate, CH.NCO, which was recently detected in
the ISM

A&A 601, A49 (2017
DOL: 10.1051/0004-6361/201629724 tronom!

©ESO 2017 trophysics

ﬁ Rotational spectroscopy, tentative interstellar detection,
> and chemical modeling of N-methylformamide*

A. Belloche!, A. A, Mesheheryukov™, R, T. Garrod®, V. V. llyushin®, E. A. Alekseev™*,
R. A. Motiyenko®, L. Margulés®, H. S. P. Miiller®, and K. M. Menten

e Internal rotation motion with very low : A9 Ty
barrier value: 55.17 cm!

e The spectra was measured from 45 to
660 GHz L] f

e The analysis is carried out using the - '
Rho-axis method and the RAM36 code

Al Lovagmrabu




So far, so good...

Di-cyanomethane (malonitrile-NC-CH,-CN) and isocyanomethane:

* Following the first microwave study of a bis-isocyanide derivative
diisocyanomethane (Motiyenko et al., A&A 2012, 544 A82)

« No MW study about the cyano-isocyanomethane (CNCH,CN).

« the most stable isomer malonitrile also reinvistigated:
Study is limited to 240 GHz (Burie et al. 1982, J. Phys. 43, 1319)
« Spin statistic we put in evidence in the diisocyanomethane study was not took
into account.

Acetyl isocyanate (CH;CONCO)

« Isocyanic acid, HNCO, was among the very early molecules to be
detected in space

« OCN- is assumed to be in the grains (kK. Demyk et al. A&A, 339 (1998), 553)

« CH5;COCHS; is detected since 1987 Sgr B2 (F. Combes et al. A&A, 180, (1987),
L13)

« Isocyanate functional group (-NCO) is highly reactive and many
chemicals containing isocyanate groups were used for the synthezises of

polyurethanes. I



Ethyl-isocyanide (CH;CH,NC): (A&A in press)

« The few isocyanides detected in the ISM are always isomers of the
corresponding : HNC, CH;NC, HCCNC

« Isocyanides molecules are poorly studied mainly due Spectroscopy of
isocyanides is often complicated by difficulties in synthesis and kinetic
instability of many of them

« Ethyl-iscocyanide (CH;CH,NC) is isomer of one of the most abundant
Complex Organic Molecules

 Very badly surprised with the non detection in Orion...

Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen
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Aminomalononitrile : H,NCH(CN),

« HCN trimer (trimer of the key molecule for 1°N fractionation)

« AMN is a useful intermediate in the synthesis of many heterocyclic systems. Such
properties designate AMN as a key compound in prebiotic chemistry and an
attractive candidate for the ISM

« The analysis of the rotational spectra of the A conformation has shown that the
observed lines exhibit a doublet or quartet structure owing to two large-amplitude
motions, C—N torsion and amino group inversion

(@
I| " . J : 1" Ill \
R e ) T e T Q‘
'I'III~2.IQI‘R\§I.()I~‘ . . vt ; N Du:mozvbﬁ‘fﬁﬁs Article
PHYSICAL CHEMISTRY S ——

High-Resolution Millimeter Wave Spectroscopy and Ab Initio
Calculations of Aminomalononitrile

Romen A Motiyenko,* T Laurent Marguies' Eugen A Alekseev,* and JeanClaude Guillemin®

b conformer 6.7 kJ/mol
higher in energy




Hydroxyacetonitrile (HOCH,CN):

« Compete with aminomethanol (NH,CH,OH), a glycine precursor,
through the Strecker synthesis (Danger G. et al., Ap] 756, 11, 2012)

« Its photochemistry leads to the formation of formylcyanide (CHOCN),
ketenimine (CH,CNH), formaldehyde (CH,O), hydrogen cyanide (HCN),
carbon monoxyde (CO) (Danger G. et al. A&A 549, A93, 2012)

« Detection of aminoacetonitrile in SgrB2(N) (NH,CH,CN) (A. Belloche, et al.
A&A, 2008, 482 179)

A&A 601, AS0 (2017 .
DOI: I().l()Sl/()(()(}él-(v.”:()l/Z()l62855l tronomy 4 5
©ES0 2017 Astrophysics | ., N
/
- . . i)\ \
Submillimeter spectra of 2-hydroxyacetonitrile (glycolonitrile; ; _ @ '
HOCH,CN) and its searches in GBT PRIMOS observations “ \ / \ /
of Sgr B2(N)* _ ©
L. Margulés', B. A. McGuire?, M. L. Senent’, R. A. Motiyenko', A. Remijan®, and J. C. Guillemin* 0 \/ v .
120 240

Dlhe&d ange CCOH In dearees

- Methyl isocyanate (CH;NCO) the most stable energetically structural
isomer was detected

Université
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Ethanimine (CH;CHNH)-Propanimine (CH;CH,CHNH)

« The aldimines are important to understand amino acids formation
process as they appear in reaction scheme of Strecker-type synthesis.

- Methanimine (CH,NH) was detected in 1973 (Godfrey et al., AplL, 13, 119
1973)

- Beginning of the projet was studying ethanimine (CH;CHNH) in
02/2013. But at the same time it was detected in SgrB, with Primos
survey (Loomis et al., ApJL, 765, L9, 2013)

« We decided to study the next one in the serie: propanimine

« We used a synthesis method to obtain pure samples. E,Z-Ethanimine
and E,Z Propanimine has been prepared in the following way : precursors
have been slowly vaporized in a reactor containing dry KOH in powder
(50 g) in half section and heated to 85-100°C

Dry KOH a- Ethanimine

b- Propanimine

Precursors: Cooled trap
Water circulation at 85°C at -80°C

Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen
1 &' Tecinorosies Franctionation in space », Copenhague 8-9 nov 2017




Propanimine (CH;CH,CHNH)

« No spectroscopie studies available up to now

« 2 conformers E and Z:

« Zis the less stable but Z_ ¢ u, dipole moment is two times the E__ - one
At lab temperature (Boltzman factor is 0.28 for Z_,¢: intensities are the same
*At ISM temperature (150-250 K): both should be detected

R branch J = 19 - 18 R branchJ =20-19 E conf *
m E Conf H,=1.12D
JJ‘ \Hh

il o 22 B e

Z conf
AE2 = 264.25 cm!

u,= 2.49 D
wp= 1.00 D
GHz W= 0.00 D J

8.43 GHz ~ B+C

I \ Lol .,Y,NLLH‘LJ, A

GHz

Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen
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Ethanimine (CH;CHNH)

Ethanimine exhibits large amplitude: internal rotation of methyl group.

Strong coupling between torsion and rotation: p = 0.28. This as high as
acetaldehyde.

Usually in millimeterwave spectra “N nuclear electric quadrupole
hyperfine splittings are no observed with doppler limited resolution or
only for high K, values. (cf. Ethyl cyanide)

These splittings are enhanced by internal rotation and should be take
into account, especially for u, type lines.

Previous studies up to 140 GHz (Lovas et al., J. Chem. Phys. 72, 4964, 1980) and
recent CP-FTMW measurements from 6.5 to 40 GHz (Loomis et al., ApJL, 765,
L9, 2013) treatment taking account hyperfine spliting not done.

. ») Z cont (trans)
E conr (CiS) AE2 = 282 cm-!
Ha= 0.834 D u,= 2.380 D
w,= 1.882D J J w,= 0.445 D

Z..n¢ SPectra could be more intense even at ISM temperature

Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen

1 &' TechnoLosies Franctionation in space », Copenhague 8-9 nov 2017




Ethanimine spectra

ol T il 11

147913.5786 1.15E-04
147913.5787 1.15E-04

E:21; 19721, 5

147910 MHz
' 148010

Z/E:85 3775, E:85 475 5

o F'-F Qo

T O 0o S
N {Icnoo

u,: hyperfine quadrupole structure for high Ka
Values and low ]
u,: bigger splitting and K, is only 1..

Still splittings at 300
GHz and J=50

A: 312’29'311,30

F:51-51
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Future targets

« We were successfull with excited vibrational states, or
isotopologues of « weeds »

« Several issues when looking to new molecules

« Diificulty to find the right target despite regular discussions with
astrophysics groups

« One way could be the amines, amino acids, amino alcool....

« laboratory experiments showed that formation of amines and amino
acids in the interstellar medium (ISM) is possible

« only a few molecules with—-NH2 group detected in the ISM only two
« amines »

« Most of these samples were not commercial, and stable in laboratory

conditions
Université
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Outline

Q

Methoxy isocyanate

J
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Astrophysical interest and motivation

- Detection of methyl isocyanate (CH;NCO) in different object:
 Orion KL (Cernicharo, et al. 2016, A&A, 587, L4)
« towards Sgr B2(N) (Halfen, D. T., et al. 2015, ApJ, 812, L5)

« IRAS 16293-2422 (Ligterink et al. MNRAS (2017) 469 (2))
« on the comet 67P/C-G (Goesmann, F. et al. 2015, Science, 349)

« CH,ONCO contains a methoxy CH,0O- radical functional group which has
been detected in the ISM towards the cold core B1-b (cernicharo et al. 2012, ApJ,
759, L43) and may be an important tracer of methanol related chemistry.

NCO + CH3—’ CH3NCO Belloche et al.(2017)
NCO + CH30—’ CH30NCO ??2?

 Follow study of acethyl isocyanate CH;CONCO (L. Margules et al,
WF10, ISMS, champaign USA 2014)

Université
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Experimental details

« Methoxyisocyanate is unstable under room temperature

« Sample synthesized "“in situ” by flash vacuum pyrolysis from
precursor in the oven at ~ 800 K

« Spectra measured in flow mode

« Pyrex absorption cell

synthesized sample

/

Pyrex absorption cell
— y p :
Source
150-660 GHz to diffusion
9 o 7 +
/ rotary pump
oven at ~ 750 K \

precursor at ~ 300 K

Université
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Spectrum of CH;ONCO

recorded in the millimeter wave range: 75-330 GHz

CH,OH

/N

e Doubler: 150-220 Ghz

e step 36 kHz (usually 30 kHz)

« 10 GHz recorded in ~26 minutes

e CH5;0OH and HNCO as impurities

e Dipole moments: p, = 2.32 D
and p, = 0.24 D

T T T T T T T T T T
150000 170000 180000 190000 200000 210000 220000

frequency, GHz
a e . L -
Ro,i 37 =31-30
i ‘/—/
M/\f WM‘W”MW ‘
] T : T T T T T T T
152000 153000 154000 155000 156000
- T . T . r . r . T . frequency, GHz
152020 152040 152060 152080 152100 152120 152140
frequency, GHz
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Perturbations in the ground state

77=32-31 2Ry,

Experiment

MM
W

TR T

+  perturbations have
significant effect on the
high-resolution spectra

W observed in all the spectra
measured (from J” =15 to

K, 5674 831309 0 31 12 70)

K ! . ! » Shifts of transitions for the
al5 6 3 1 3 11 12 13
- X X j [’ Z l ground state between
. l l observed and rigid rotor

i
T |

ﬁ/ model (3" = 32 - 31):
- 22 MHz for K =12
- 116 MHz for K =13

|
161850 161900 161950
frequency, MHz

Université
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162000 ® + 286 MHZ fOr Ka=14
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Vibrational modes
Results from Anharmonic force field calculations B3LYP/6-311++(3df, 2pd)

and v,g=2, v,,=2 and v,,=3, v,,=3 and
v,;=1 = a “ladder” of resonances

The analysis of rotational spectrum is
complicated: even the relatively low K, ]

100 -

levels of the ground state are perturbed ]
in plane bending

Skeletal torsion
Vg = 59 cm?

Uni\{ersité
de Lille
oF TecHNoLoGiES

Methyl torsion

| assigned and analyzed in this work:

Vi<

c-type

/e/a;d b-type
g.s.

157 v i
:a- and b-type

%8=2 i
'\a‘- and b-type

Vis=1 i

» Barrier to the internal rotation V,~ 800 E (cm™)

cm™ — no splittings observed 550 ] /= [ as0
« Up to 7 vibrationally exited states below :

250 cmt: dense spectra! 300 - vaf - 300
 Coriolis-type coupling between vibrationa ] o _

states: ground state and v, =1, v,;=1 ° ] Z:l v v, 250

200
150
100

50
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Vibrational modes

8-S / VisT4 |v =3 !
/11=1=2 V=4 Vs « Examples of the spectrum
B / / in frequency range from
/ / 152 to 157 GHz.

IR

T y T
152000 154000

156000
frequency, MHz

« Considering Boltzman distribution, at 300 K, the population ratios of
vVig=1 Vv, =2 and v =3 are, respectively, 75% ,56%, and 42%.

In general case low lying vibrational states (below 250 cm-1) shoud be
take into accout:

may also represent an interest for the astrophysical observations

« Calculation of the vibrational part of partition function

Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen
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The Hamiltonian

. The effective Hamiltonian model in a presence of rotational-vibrational
interactions was used

. The Hamiltonian for the 5-states (ground state, v g=1,v,;=2,v,;=3,v,,;=1)
coupled fit was constructed in a block matrix form:

C
Hgosr Hg.(s).,:ws:l 0 0 0
HCor Hot  + AE _ HCor 0 0
g.5,.vig=1 vig=I g-s.vig=1 vig=1,v1g=2 0«
The analysis is
H= 0 HE L H''_) + AEy =1y HEr 0 o> y _
cor . cor very complicated
O 0 H\’|3=2.V13=3 HV13=3 + AE“/li‘i:l"w:3 HV|1=1.\’|8=3
O 0 O Hycr;?i]‘ym:} HC?le + AEV[1=1.V]3:3
where:

« H(Y — standard rotational Watson’s S-reduction Hamiltonians
« AE - energy difference between coupled vibrational levels
« H(Cor) — off-diagonal Coriolis interaction terms

Cor _ J p2 K p2 J p2
HE=(Fo+F} P + FX P2+ _)(P.Py + PP }+(Fye+F) P> + ) (PP, + PP, )
Papousek, D. & Aliev, M. R. 1982, Molecular vibrational-rotational spectra (Elsevier, Amsterdam New York)
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Illustration of the Coriolis interaction

Rigid rotor model
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Rigid rotor model
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Coriolis coupling between v,.=2 and v, =3

, Rigid

v18=2 K. =

rotor model

£ 940 | (8) = 21.596
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Results

-1 - ] - ] ]
E, (cm’) vibrational without Final fit
350 V, =2 - 350 state perturbations Jnaxr KaMax
i v =5 L
300 18 L 300
- iz : ground state up to K,=10 68, 13
250 v, =1 v v, L 250
] =4 .
) assiglr/:gd and analyzed in this work: [ V18=1 up fo Ka=6 67, 12
200 | Ga, Gb — 200
] v, =14 V=3 [
1 3 V, =2 up to K_= 7
150 — %ac, Fhe [0 18 P a 6 67, 9
] V18=2 i
100 Fac, Fbc - 100 — —
: o Foe v,,=3 up to K_=5 66, 10
50 — Fab - 50
gs /: ac, Fbe 1 v,,=1 up to K_=6 66, 5
0 0
A' A"
‘ global simultaneous fit needed
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Parameter

A (MHz)
B (MHz)
C (MHz)
A, (kHz)
A (kHz)
Ay (kHz)
d, (kHz)
d,(kHz)

AE, MHz
Fac, MHz
Fbc, MHz

Ga, MHz

Number of lines

rms (MHz)

wrms

Uni\{ersité
de Lille

ground state

44584.62( 39)
2498.23576( 47)
2405.34035( 44)
0.362714(148)
-20.4677(183)
1.536020904( 0)
-0.020878( 49)
-0.8193(200)E-06

+ 3 P8 terms

351

Results

v, =1

18=
41662.23( 43)
2508.13703( 62)
2423.01798( 46)
0.444521(220)
-32.28( 58)
1.323227535( 0)
-0.04307( 57)
-1.033(106)E-03

1516543(223)
37.697( 39)

1.5958( 54)

+ 3 P8 terms

333

vV, =2

18=
39203.04(119)
2518.35642(140)
2405.34035( 44)
0.54388( 33)
-26.26( 70)
1.019146667( 0)
0.016651(268)
1.387(108)E-03

2992591(112)
-74.39(312)

-1.8883( 45)

+ 3 P terms

125

0.049
1.12

Vv, =3

18=
37226.40( 56)
2528.8982( 51)
2460.1859( 76)
0.63023( 70)
-40.460(100)
1.536020904( 0)
0.03676(131)

4446796( 0)

+ 2 P% terms

43

v,.=1

11=
46465.19(125)
2505.80837(223)
2409.54383(215)
0.372634(234)
-21.2239(236)
1.536020904( 0)
-0.02277( 47)

5037782( 0)

4748.1( 33)

64
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Results

« Asignment and analysis of the ground and
lowest vibrationally excited states of methoxy
isocyanate, CH,ONCO, in a presence of strong
Coriolis coupling, in the 75 - 330 GHz

frequency range ' .

Intensity, (nm” MHz)

« The catalogue of accurate frequency
predictions for the ground state transitions
involving J < 70 and K, < 13 will be
accessible soon for astronomical observing o oy
« CH;ONCO was searched in Sgr B2 and Orion  Simulated spectrum of CH;ONCO in
_ _ _ _ its ground state at 150 K
KL (J. Cernicharo, private communication)

A
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Outline

Perspective: Radicals
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Radical Species

« COM'’s: route formation is still unknown.

— Phase-only chemical models could not reproduce produce
abundances observed
— Gaz/Surface model: (UV) irradiation of grain mantle molecules,

then the radicals can react on the grain mantles at a

temperature of around 20-40K (Garrod, R. T., & Herbst, E. 2006, A&A,
457, 927; Hall et al. A&A, 517, A1, 2010)

— Recent detection of methyl formate and DME at very cold

temperature (10K) in the prestellar core L1689B (Bacmann et al.
AA, 541, L12, 2012)

« The processes involved radicals species not detected yet!
Their detection could help a lot astrochemistry

Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen

Franctionation in space », Copenhague 8-9 nov 2017
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Radical Species

J. M. C. Rawlings et al., Faraday Discuss., 2014, 168, 369

One possible way of forming glycine in such a high density regime would be via
a three-stage process involving four radicals. The first step would form COOH by
simple association of CO and OH:

CO + OH + H,0 20-
hen: \ .
Then Not detected in ISM

/
NHZ + CHQ + Hgo —' Hgo

NH-CH, + COOH + H-O — NH,CH>-COOH + H-O0.

followed by

Or, alternatively,

CH2 + COOH + HzO - CH:COOH + Hgo

followed by
CH:COOH + NH2 + Hzo - NH:CH:COOH + Hgo
Université
de Lille L. Margulés et al., EU/COST CM1401 « Nitrogen
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Radical Species

Short time project in Lille: new quartz cell with UV-photolysis
* Photolysis is more selective than DC-discharge
« UV: 4 lamps (300W each!) around the cell

s ¥

Flanc PVC

(

. les berceaux vissés a la table
le tube repose sur les berceaux sans contrainte de serrage
les lampes UV ne sont pas déssinées
Al [Congu par Vérie par Aoprouve par Date
| dekyndt | 23/03/2017
PHOTOLYSE UV
CNRS - PhLAM | = l \\\\\
1/1
6 T 5 3 T T

~Capot PVC + hublot Pyrex

‘\“ A

=

-

a

P

Tube Quartz

L'ensemble du capotage assemblé vissé

>
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