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He discharge plasma
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Fig. 1. A portion of the time-resolved spectrum observed by a pulsed discharge in He with a pressure of 1.33 kPa (10 Torr), The discharge was applied

in the interval of 0-20 ps with a peak current of 0.5 A, The strongest peak belongs to the atomic He line (4d-3p). Other lines pertain to 4f-3d
transitions of Hes.
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ABSTRACT

Following our previous detection of Hj in the southern auroral zone of Jupiter from its 2v, band, we
searched for the fundamental at 4 um. We detected up to 42 lines of this band in emission, at high resolution,
on the auroral spot of each hemisphere. A rotational temperature was derived for the southern and northern
zones, respectively, of 1000 + 40 K and 835 + 50 K. The intensity of the lines was on the average 2 times
stronger in the south than in the north. The 2v, band, which was sought in the north only on this occasion,
was not detectable. A purely thermal mechanism for the Hi production is implied. Spatial extension and
temporal variability of the excitation is discussed.
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Hs* is extremely important to the chemistry of interstellar clouds. This is because Hj* willingly
donates its extra proton to a variety of collision partners, thus laying the foundation for a large
network of ion-molecule reactions.
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Spectra of three interstellar clouds showing absorption lines due to the R(1,1)u and R(1,0)
transitions of H;*. Arrows indicate the expected positions of the absorption features from previous
measurements of the interstellar gas velocity.
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Why Molecular Ions?

As illustrated in the reaction chart to the left, molecular
ions are responsible for driving the chemistry resulting
in the formation of complex organic/prebiotic mol-
ecules. Detecting these ions in the ISM will lead to a
better understanding of chemical evolution in space.

Why High-Resolution Spectroscopy?

High-resolution spectra serve as molecular finger-
prints, enabling astronomical searches for these species
in the ISM, planetary atmospheres, and circumstellar
environments.

« Why Infrared Spectroscopy?

Infrared frequencies can be used to search for mol-
ecules without a permanent dipole (precluding micro-
wave spectroscopy/radio astronomy), and can also be
used to derive pure rotational transition frequencies of
species which do contain a permanent dipole.



He + H, discharge plasma
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He —— ... —— He* E xcitation in a discharge
He + Hy ——— H, "+ e’ Penning ionization
H,"+ Hy —— H3"+ H Formation of Hs"

Electron recombination

Hy'+ 87— Hz(Xlzg,vJ)+ H(1s), AE =9.2 eV electron recombination
—= H(1s) + H(1s) + H(1s). AE = 4.8 eV
9000 — : :
- AR I Hydrogen Atomic Line
8000 —
! i
[ ] [ ]
AN - m 10 TorrHe, 0.38 Torr H,
6000 — - = |=150 mA
= . . .
S 5000 - H, - -
£ | ¥ o TR -
— 4000 = = -
) i |
= ’ Discharge pulse ™ m™ [
®© 3000 — [ ] -
(0] _ ] u -
e = [ ]
2000 — -
1 = m B I-
|
1000 — - - 'q..__
7 e — ——— T,
0 -
L) L) I L) L) I L) I L) I L) I L) I
-10 0 10 20 30 40 50 60 70
Time [us]

S. Civis, P. Kubat, S. Nishida, K. Kawaguchi, Chemical Physics Letters, 418 (2006) 448—453



Ar + H, discharge plasma
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ArH radical
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Emission spectrum of the 4p-5s band ofArH. Sharp lines belong to the 4f-3d
band and probably to other unnassigned bands of ArH. To calculate the
spectrum a T=2500 K,and a halfwidth of 0.7 cm~! were assumed.



Investigated bands of ArH and ArD

ArH ArD
Transition R (_)1r|g|n Resdu1t|on Reference
cm cm
3dr —5s 13024 13040 0.1 2
4dr —5s 19520 19570 3
n—>5s7? - 22575 3
o0 — 5s - 17487 0.13 5
50 — 6s - 3681 0.20 5
6o — 5s - 21676 0.20 5
4p— 5s - 6120 0.05; 0.2 4
3doc — 4p - 10200 0.05; 0.2 4
3dr —>4p 6934 6900 0.05; 0.2 4,6
3do—4p 8534 8524 0.05 6
4doc —>4p 15097 15075 0.3 6
6s —4p 7703 7685 0.02 6
8s —>4p - 16749 0.20 6
4f — 5s 20641 20682 0.20 7
4f — 3dn 7627 7649 0.05 7
4f — 3dd 6027 6038 0.05 7

4 —>3doc ~4400 4351 0.10;0.20 78

Baskakov O.1., Civi§ S., and Kawaguchi K, J. Chem. Phys., 2005 ,122 (11) 114302



Ar + (CN), discharge plasma
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The time-resolved emission FT spectrum from a pulsed discharge in a (CN), and He mixture. The discharge pulse duration was
20ps. The 30 time-resolved spectra were collected from t = 0—90 ps with a step of 3 ps. The spectra of C,H, and C, were
observed at 3300 and 3600 cm™.
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B Vis lines at 3878.8, 3886.4, 3890.2,
B 4300.3, UV lines near 1271, 1368, 1369,
i 1370, 1549, & 1694 A

J=1/2, vy, (3263.794 MHz)
J=1/2, v,, (3335.481 MHz)
J=1/2, v,y (3349.193 MHz)

Large Magellanic Cloud
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W. S. Adams, ApJ 93:11-23 (1941)
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Y. Sheffer and S. R. Federman, ApJ 659:1353-1359 (2007)
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intenzita (i.u.)
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CH vibrational temperature
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vzajemné reakce

Vibrational temperature 5000 — 6000 K
Rotational temperature 550 - 700 K
Excitation temperature 2500 — 3000 K



ANC/HCN emission
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Intensity (a.u.)
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Emission intensity (a.u.)

Acetonitrile discharge
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Emission intensity (a.u.)
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Vbej + laser Asterix
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Kineticky model vwiboje
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Kineticky model vwiboje

Mozné cesty vzniku HNC ve vyboii:
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Potlacenim radikalovych reakci vzroste pomér HNC/HCN.
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Result - information about reaction
dynamics

Decomposition of extinguish agents CF,Br and (CF;),CH

Time unresolved CF3Br Emission spectra

*Emission intensity time profile.

Brodad spectral range. A

*High resolution
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OH radical X*11, P branch
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Emission Intensity (a.u.)
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Time resolved FTIR measurement in the laser spark

Vacuum and barotron
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The emission arises in ablation of metal target by laser radiation of a pulsed nanosecond ArF (A = 193 nm) laser
1 kHz repetition, at fluences around 15 mJ
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Comparison of Arcturus spectrum with FTIR emission spectrum

Arcturus (SAO 100944)
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The observed IR emission spectrum of Au
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Some parts of the observed IR emission spectra of Au
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Part of the FTIR spectrum of the emission from Cu target
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Conclusions

» Several systems inside of discharge plasma has been studied by High
resolution FT spectroscopy

» New systems such extinguishing agents will be studied ( C
» Laboratory chemistry of HCN and HNC isomerisation

» Many High resolution atomic spectra has been measured by High resolution FT
spectroscopy ( better understanding of the stellar spectra)

» New detection technique was developed which can be applied for a study of the
relaxation profiles of the individual atomic or molecular levels
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of Ground State Transition Frequencies of CH
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Summary. From a comparison of the spectra of CH
and other molecules towards Cas A and dark clouds,
we have determined the rest frequencies of the three
allowed transitions of the *IT,;, J=1/2, ground state
A-doublet of CH to be vy, =3263.794+ 0003, v,,
= 3335481 + 0.002 and v,, = 3349.193 + 0.003 MHz
These frequencies cannot be checked by the sum rule,
Vyy + Voo =Vyo+ Voy, Since the vgp-transition is for-
bidden in this particular case. The relative errors in

these frequencies are about twice as small as those
obtained earlier by radio astronomical methods for the
two main lines of ground state OH. Further refinements
in the determination of the CH frequencies are desirable,
since these transitions have not yet been directly
measured in the laboratory.

Key words: CH — Cas A — dark clouds — transition
frequencies — interstellar molecules

Radio astronomical detection of the ground state 21T,
J=1/2, A-doublet of CH has recently been announced
by Rydbeck et al. (1973). The upper satellite line was
detected independently by Turner and Zuckerman
(1974). The CH-lines were observed in southern galactic
sources by Robinson et al. (1974). Measurements of
satellite and main line intensity ratios of CH have
recently been reported by Rydbeck et al. (1974a). The
subject of the presemt Letter is a more accurate
determination of the CH frequencies.

The equipment and observing procedure were the same
as described by Rydbeck et al. (1974a), except that
filters of bandwidth and spacing 1 kHz were also used
for the present observations. Most of the integrations
were done with left circular polarization, there being
no evidence for polarization in any of the sources
observed.

The CH transition frequencies were determined by
Rydbeck et al. (1973) to be vyo(F = 1-+0)=3349.185
+ 0,010 MHz, v, (F =1 —1) = 3335475 £+ 0.010 MHz,
voy (F=0—1)=3263.788 £+ 0.010 MHz. Those wvalues
have now been refined, with the following assumptions:
(1) in the sources observed, CH, OH, H,CO and NH,
are well mixed, and have the same radial velocity;
(2) the correct frequencies for the main lines of OH at
18 cm are those given by ter Meulen and Dymanus

* On leave from the Department of Physics and Astronomy,
University of Massachusetts, Amherst.

(1972); (3) the frequency for the F=2—-2 component
of H,CO at 6 cm is that given by Tucker et al. (1971).
For the comparison of OH and CH spectra, we observed
towards Cas A and four dark clouds which, according
to Turner (1973), have either a single velocity com-
ponent or at least one narrow, well-defined com-
ponent.

The profile for the main F=1—1 line of CH, in the
direction of Cas A, was compared with the OH profiles
taken by Davies and Matthews (1972) and with un-
published OH data taken at Onsala. The presence of
two components in the Orion arm feature at
v —1kms™ ! (Fig. 1) and the characteristic structure
of the Perseus arm feature allows the CH and OH
spectra to be compared with an accuracy of about
+1 kHz. We estimate a correction, dv,, of 6+ 1 kHz
to our previously published value of v,; (Rydbeck et al.,
1973).

Another estimate of dv,, =55+ 2kHz was obtained
by comparing the main line spectrum of CH with that
of H,CO (Davies, 1973; Davies, 1974; Zuckerman et al.,
1970) in the direction of Cas A.

A third, independent, estimate of dv,, was obtained
from a comparison of our CH spectra with those of
other molecules towards four dark clouds. Table 1
gives a compilation of the radial velocities for CH and
other molecules observed at approximately the same
positions. The OH wvalues are averages of the data of

© European Southern Observatory * Provided by the NASA Astrophysics Data System
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Les bandes de CH et la présence de 1’hydrogéne
dans les Comeéetes.

Par M. Nicolet, D. Sc.
(Regu janvier 12, 1938.)

I1 est montré que I’é6tude de la structure de rotation est nécessaire pour I’identi-
fication des bandes cométaires et que le groupe de raies cométaires vers 1 4300 A
doit probablement étre attribué a la molécule CH.

Les raies de la série de Balmer n’apparaissent certainement pas dans
les spectres des cométes et les bandes de résonance de H,, étant en dehors de
la région spectrale astronomique, ne peuvent étre observées. Quant a la
présence des bandes cométaires attribuées au systéme de Raffety, elle ne
peut étre envisagée. Rien ne permet donc d’établir jusqu’ici la présence de
I’hydrogéne dans les Comeétes. Cependant, si I’identification de la molécule
CH était assurée, la présence d’hydrogéne dans les Cométes serait du méme
coup démontrée.

F. Barper 1), R. C. JoHNSON 2) et N. T. BOBROVNIKOFF 3) ont
examiné la possibilité de 1’identification de CH, par la comparaison du
maximum d’intensité de la bande 14800 A de CH avec 14813 A. F. BALDET
avait considéré la coincidence avec la radiation cométaire & A 4814 A comme
fortuite (Cométe Brooks) parce que la cométe ne montre pas une bande
dégradée vers le violet, mais bien une ligne piquée. Cependant, N. T. Bos-
ROVNIKOFF avait indiqué (Cométe Halley) que cette circonstance rendait
I'identification quelque peu incertaine, mais que la faible dispersion employée
et les transitions restreintes aux faibles nombres quantiques de rotation
pourraient donner une bande aigue de forme analogue a celle d’une raie.
Bref, l'identification était extrémement douteuse et n’était généralement
pas acceptée?).

Le but de cette note est d’indiquer que le spectre de la molécule CH
est trés probablement présent dans les spectres cométaires. Le composé CH

1) These, Paris 1926. — 2) M. N. 87, 625, 1927. — 3) Public. Lick Obs. 17,
443, 1931. — %) Voir K. WurM, Handb. d. Astrophys. 7, 305, 1936 et R. MIN-
KOwWSsKI, P. A. S. P. 49, 276, 1937.
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