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High Resolution Spectroscopy in the lab
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High Resolution Spectroscopy in the lab
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High Resolution Spectroscopy in the lab
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High Resolution Spectroscopy in the lab
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High Resolution Spectroscopy in the lab
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High Resolution Spectroscopy in the lab
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High Resolution Spectroscopy in the lab

37 Rotationally resolved spectrum
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i Broadband
+ Fast ;
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Chirped-pulse millimeter-wave spectrometer
75 - 110 GHz
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Study of stable molecules

Quantum chemical calculation

Experimental measurement of spectra

Spectral analysis

) Fit of rotational parameters
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Study of stable molecules
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Study of stable molecules
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O. Chitarra et al., . mol. Spec, 378, 111468, 2021

Study of stable molecules
O. Chitarra et al., A&A, 652, A163, 2021
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Study of reactive species




Study of reactive species

RF discharge

» Non specific method
* (Very) weak signal of
radicals
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RF discharge
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Study of reactive species

« Selective method
* Limited SNR
* More dangerous

» Non specific method
* (Very) weak signal of
radicals
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Study of reactive species

RF discharge

Non specific method
(Very) weak signal of
radicals
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Study of reactive species
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Study of reactive species
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Pulsed jet discharge experiment

Injection

Chirped pulse
spectrometer

I

precursor

« Sample:
— Precursor seeded in He or Ar
— Typical dilution: ~ 0.5 %

T = | Z — Pulse valve series 9 by Parker Hannifin
\E '.}31 | | N — Repetition rate: 5-25 Hz

— Gas pulse duration: ~ 400 us
* Pumping system:

— diffusion pump (7200 m3/h)

— primary pump (30 m3/h)

Precursor seeded in buffer gas
11



Pulsed jet discharge experiment

Discharge

Chirped pulse
spectrometer

precursor

Vacuum chamber | -
_ § ’/// n_.‘,/l
b a ~ o

» Electric discharge:
— Stainless steel electrodes
(2.5mm and 5 mm wide slit)
— Voltage: 1000-3000 V

Precursor seeded in buffer gas — Resistance: 10-50 kOhm

11




Pulsed jet discharge experiment

Detection

Detector

Source
Tk, ~ 20K

.

Chirped pulse
spectrometer

precursor

& + Broadband chirped pulse Fourier transform spectrometer:
: — Commercial
— Broadband bandwidth: 75-110 GHz (sequential: 30
MHz in HDR mode)
— Power: ~30 mW
— Resolution: ~100 kHz

Precursor seeded in buffer gas

11



Pulsed jet discharge experiment
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— Discharge products

— HNC
— CH,NC
— HC3N — Electric discharge:
 CH.CHCN +1000 V, 50 kOhm
— CH.CN — 0.6 % CH,CN in Ar

2

Frequency rate: 25 Hz
— HCCN -
— Averages: 5000 (~2h)
— SNR: ~ 10-450
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; coverlng Chirped-pulse millimeter-wave spectrometer

. 75 - 110 GHz ; e T
High senS|tJV|ty but abstract|on by 3 atom
I|m|ted resolutlon

Broadband

Room temperature set up "

- RF discharge = H abstraction - DC dlscharge : Selectlve method of
+ & + ' +
flowcell ~ flowcell - supersonic Jet productlon

““““““

Frequency-multiplication-based

(sub)millimeter-wave spectrometer ] dlcals aIready observed

75 - 900 GHz :

g e S . R e . © CH,0H > CH,0, CH,OH

> . g . W LY : L T o A% @ CH3CN L CHZCN, HCCN
OGN S SR B ' ?@g 5 ; ' CH,CHCN - o-CH,CCN

CH5;CHO - CH,CO, CH,CHO, HCO
C,H, - C3H (I- and ¢-) and C3H, (I-and ¢-)
13
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Experimental method

Off-axis Parabolic mirror Micro-wave
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— 90° polarization
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O. Chitarra et al,,
644, A123, 2020
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Experimental method

. O. Chitarra et al,,
FZ 2 F 644, A123, 2020

Off-axis Parabolic mirror Micro-wave
Discharge
Detector=s
—90° polarization Precursor
i\ Roof-Top
‘‘‘‘‘ Mirror
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Production
Hydrogen
abstraction from

R-H + F* === HF +°R

precursor by
fluorine atom

CH,CN + F* === HF + CH,CN




O. Chitarra et al,,

Experimental method 644, A123, 2020

Off-axis Parabolic mirror Micro-wave
Discharge
Detector=s
—90° polarization Precursor
i\ Roof-Top
______ Mirror
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o L Lens Polarising o e
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Production Acquisition  prequency
Hydrogen multiplication
abstraction from chain
precursor by spectrometer:

fluorine atom
75-900 GHz



Experimental method

Off-axis Parabolic mirror

Micro-wave

O. Chitarra et al,,
644, A123, 2020

Discharge
Detector=
—90° polarization Precursor
A Roof-Top
Mirror
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Hydroge.n multiplication Magnetu.: Field
abstraction from Chain Modulation to
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Advantages of the double modulation

Scan duration: 12 min
SNR : 20-500

Single demodulation
(source frequency)

Double demodulation
(Source and Magnetic field frequencies)

341895 341900 341905 341910 341915 341920 341925 341930
Frequency / MHz



Advantages of the double modulation

Scan duration: 12 min
SNR : 20-500

Single demodulation
(source frequency)

9R,(16)

Double demodulation
QR2(16) (Source and Magnetic field frequencies)

341895 341900 341905 341910 341915 341920 341925 341930
Frequency / MHz

“*Transitions arising from
open-shell species only



Advantages of the double modulation

Single demodulation
(source frequency)

Scan duration: 12 min
Double demodulation 9R.(8
SNR : 20-500 (Source and Magnetic field frequencies) 6( )

Single demodulation
(source frequency)

r T u T ¥ T T T T T T T T T T T ¥ T '
180640 180642 180644 180646 180648 180650 180652 180654 180656
Frequency / MHz

Scan duration: 24 min

Rq(16) SNR:5-10
Double demodulation * oy -
qR2(16) (Source and Magnetic field frequencies) ”’TranSItlonS arISIng from
open-shell species only
“»Baseline free
341[895 . 341I900 | 341I905 | 341'910 | 341I915 | 341I920 | 341I925 | 341I930 8

Frequency / MHz



Rotational Spectroscopy in supersonic
expansion

Pulsed molecular beam
200 ps
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Rotational Spectroscopy in supersonic
expansion

Short radiation pulse: f, (75 GHz) to f, (110 GHz), Power : ~30 mW
1 us

H




Rotational Spectroscopy in supersonic
expansion

Short radiation pulse: f, (75 GHz) to f, (110 GHz)
1 us

H




Rotational Spectroscopy in supersonic
expansion

Detection of the FID emission signal
1000 ps




Rotational Spectroscopy in supersonic

expansion

Detection of the FID emission signal

1000 ps

R eaall

time




Rotational Spectroscopy in supersonic
expansion

Detection of the FID emission signal
1000 ps
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Pulsed jet discharge experiment = — Discharge products

. A
- 4/

0.8 — Electric discharge:
+1000 V, 50 kOhm

— 0.6 % CH;CN in Ar

— Frequency rate: 25 Hz

> 0.6 - — Averages: 5000 (~2h)
c — SNR: ~ 10-450
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Pulsed jet discharge experiment = — Discharge products
-7

— HNC
— CH;NC
0.8 - 3 — Electric discharge:
— CH.CHCN +1000 V, 50 kOhm
: — 0.6 % CH;CN in Ar
— Frequency rate: 25 Hz
> 0.6 - — Averages: 5000 (~2h)
c — SNR: ~ 10-450
>
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IS
£
0.2 -
0

' | ' | ' | ' | ' | ' | ' |
75000 80000 85000 90000 95000 100000 105000 110000
Frequency / MHz 12



Pulsed jet discharge experiment
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— Discharge products

— HNC
— CH,NC
— HC3N — Electric discharge:
 CH.CHCN +1000 V, 50 kOhm
— CH.CN — 0.6 % CH,CN in Ar

2

Frequency rate: 25 Hz
— HCCN -
— Averages: 5000 (~2h)
— SNR: ~ 10-450
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