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Formation of Small Hydrocarbons under
Interstellar Conditions

+
,CH, CO
Co
+ H, +
?H CH2 CH3 CH
HZE H,
|
|
|
@L.CJ’E_C;_HLC H CZH;

C,H, CH
H

\
C‘C:3}4;
D. Gerlich and S. Horning, Chem. Rev. 92, (1992) 1509



68. International Symposium on Molecular Spectroscopy June 17, 2013

Light Induced Reactions
In Cold Traps

Spectroscopy

Stephan Schlemmer

Universitat zu Koln

I

The Astrophysical Picture: Cold lons in Space and Laboratory

o C,H,"+H, Spectroscopy and Dynamics
CH,D*+H,  Firstinterstellar Detection

CH.*+ CO, Structure of a floppy Molecule



22-Pole Low Temperature lon Trap
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Trajectories of ions In 22-pole trap
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Normalized lon Counts
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Radiative Association
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Radiative Association
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Light Induced Reactions
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Asymmetric Stretching Mode of C,H.*
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lon Spectroscopy in Traps
——

® Mass Selection

® Sensitivity: [lons] ~ 100 — 10000 cm-3
® Near Background free

® |Low Temperatures - Density of States



Cologne CW IR OPO Laser




Q-branch transitions of C,H,*
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Simplified Reaction Kinetics
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H, - Density Dependence of the LIR-Signal
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Kinetics Model
Results
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Detalls of Potential Energy Surface

Transition

E State

Products

Association \ /

Rotational Energy, Zero Point Energy and Fine Structure Energy




Towards State Specific Chemistry
Hy" + O, > H, + O,H*
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Formation of Small Hydrocarbons under
Interstellar Conditions
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CH3+ - counts

CH,D* High Resolution Spectra
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CH,D* Ro-vibrational Spectra
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CH,D* Analysis:
Molecular Parameters

Parameter Ground State v5 v
v/cm-1 0.0 3105.8406293(857) 3004.768903(602)
A 9.3685161(371) 9.2703345(471) 9.209521(102)
B 5.7713301(385) 5.7324587(357) 5.7568062(1698)
C 3.5252807(326) 3.5029457(338) 3.4945443(2690)
Dy 2.6689(185)e-4 2.9833(258)e-4
D « 3.54562(5451)e-4 3.50161(7162)e-4 3.6386(1543)e-4
D, 1.22468(1580)e-4 1.21888(1912)e-4 1.18494(3170)e-4
dy 4.2489(721)e-4 3.8877(840)e-4 3.7480(2115)e-4
d, 4.6020(1056)e-5 4.5780(476)e-5
H -3.424(1237)e-7 3.626(1772)e-7
H, 9.102(3255)e-8 -1.501(4352)e-8
bk 9.94(243)e-7 -4.47(318)e-7
by -4.89(196)e-8
T. Amano, Astron. Astrophys., 516 (2010) L4

S. Gartner, J. Krieg, A. Klemann, O. Asvany & St. S., Astron. Astrophys., 516 (2010) L3



CH,D* in Space and Labgr~ory

mb (K)

E. Roueff, M. Gerin, D. . A. Wootten, N. Marcelino, J. Cernicharo
& B. Tercero, J. Phys. Chem. A, in press
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FELIX Spectroscopy of CH:*

Animation: Dominik Marx/Bochum



Dynamics of Carbonium lons Solvated by
Molecular Hydrogen: CH,*(H,),, (n = 1, 2, 3)

D. W. Boo, Z. F. Liu, A. G. Suits, J. S. Tse,* Y. T. Lee*

SCIENCE, vol. 269 (1995) 57
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Endothermic Proton Transfer

CH5 + CO2 --> CH4 + CO2H
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CH;": LIR Spectrum and Ab Initio Simulations
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CH;": LIR Spectrum and Ab Initio Simulations
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Asvany et al., vicm lvanov et al.,
Science, 309 (2005) Nature Chem. 2, 298 (2010)



Quantum Deconstruction of the
Infrared Spectrum of CH, "

X. Huang, A. McCoy, J. Bowman, L. Johnson, C. Savage, F. Dong, D. Nesbitt,
SCIENCE, vol. 311 (2006) 60
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CH.™": The Infrared Spectrum
Observed

E. White, J. Tang & T. Oka, SCIENCE, vol. 284 (1999) 135

4

CHg . 1000 lines, no assignment

me _ ,Experimentally the next step
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CH;*: The Cheshire Cat Smiles
Marx & Parinello, SCIENCE, vol. 284 (1999) 59



Quantum Deconstruction of the
Infrared Spectrum of CH, "

X. Huang, A. McCoy, J. Bowman, L. Johnson, C. Savage, F. Dong, D. Nesbitt,
SCIENCE, vol. 311 (2006) 60
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Low Temperature & High-Resolution?

Cooling: He Reaction: CO,




HCO2+ Products

Low Temperature ngh -Resolution Spectra '

1000 —

| \ 110K ’.i |
700 | | -
‘ | r
A A
500 | l 30 K g 1 _
400 | “
gy W 'W g Mr‘w A g o |
200 W 20 K -
MMW’" 1 YRR RTW T Y 9

2933 45 2933.50 2933.55 2933.60 2933 65 2933 70 2933.75 2933.80

Wavenumber / cm-1



Rotational Structure of IR Spectra
Four Line Combination Differences (4LCD)
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Calibration: Wavemeter & Frequency Comb
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HCO2+ Products

02_03_12-6.0po: LIR CH5+ + CO2 with Aculight FC, T_nom=10.3K, 0.4s trap
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CH.™": The Infrared Spectrum
Observed 1999

~ 2900 lines, T=10K, 1 line / 2.4 GHz, MHz accuracy
Average gap of 4LCDs: ~ MHz 2013
no clear assignment

Experimentally the next step will be to observe the spectrum
at lower temperatures and in higher resolution.

MGO7 ISmin 3:12
HIGH PRECISION SPECTROSCOPY OF CH; USING NICE-OHVMS
JAMES N. HODGES, ADAM 1. PERRY, Department of Chemistry, University of Illinois, Urbana, IL 61801

BENJAMIN J. MCCALL, Departments of Chemistry, Astronomy, and Physics, University of lllinois, Urbana,
IL61801.

CHZ : The never-ending story or the final word?

Peter R. Schreiner,” Seung-Joon Kim,® Henry F. Schaefer 111,
and Paul von Ragué Schieyer®®

1993



Rotational Structure of Vibrational Bands
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Lower Temperatures: Reduced Complexity
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FELION 4 K Trap for Spectroscopy
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FELION: A CRYOGENIC ION TRAP APPARATUS FOR SPECTROSCOPIC STUDIES WITH FELIX

S. BRUNKEN, L. KLUGE, S. FANGHANEL, A. POTAPOV, O. ASVANY, and S. SCHLEMMER, TJ13




counts

Cluster Growth @ 4 K: CH:"..He,

trap CH5+ @ 4K 500ms with He piezo pulse
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4 K Laser Inhibition of Cluster Growth
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