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Helium discharge

Chemical Physics Letters 383 (2004) 256–260



He discharge plasma



He2



He2





Spectra of three interstellar clouds showing absorption lines due to the R(1,1)u and R(1,0) 
transitions of H3

+. Arrows indicate the expected positions of the absorption features from previous 
measurements of the interstellar gas velocity. 

H3
+ is extremely important to the chemistry of interstellar clouds. This is because H3

+ willingly 
donates its extra proton to a variety of collision partners, thus laying the foundation for a large 
network of ion-molecule reactions. 



Methylidyne radical



He + H2 discharge plasma
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ArH (1997 Fukuoka spectrum) 

Ar + H2 discharge plasma



ArH radical



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−1 were assumed.



 ArH ArD   

Transition Band Origin 
cm-1 

Resolution 
cm-1 Reference 

3dπ → 5s 13024 13040 0.1 2 
4dπ → 5s 19520 19570  3 
π → 5s ? - 22575  3 
5p → 5s - 17487 0.13 5 
5p → 6s - 3681 0.20 5 
6p → 5s - 21676 0.20 5 
4p → 5s - 6120 0.05; 0.2 4 

3dσ → 4p - 10200 0.05; 0.2 4 
3dπ → 4p 6934 6900 0.05; 0.2 4,6 
3dδ → 4p 8534 8524 0.05 6 
4dσ → 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 → 3dπ 7627 7649 0.05 7 
4f → 3dδ 6027 6038 0.05 7 
4f → 3dσ ∼ 4400 4351 0.10; 0.20 7,8 

 

Investigated bands of ArH and ArD

Baskakov O.I., Civiš S., and Kawaguchi K, J. Chem. Phys., 2005 ,122 (11) 114302



Ar + (CN)2 discharge plasma

The time-resolved emission FT spectrum from a pulsed discharge in a (CN)2 and He mixture. The discharge pulse duration was 
20μs. The 30 time-resolved spectra were collected from t = 0–90 μs with a step of 3 μs. The spectra of C2H2 and C2 were 
observed at 3300 and 3600 cm-1.
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He + CH4 discharge plasma



Large Magellanic Cloud
Considerations Regarding Interstellar Molecules
P. Swings and L. Rosenfeld, ApJ 86:483-486 (1937)
Evidence for the Molecular Origin of Some Hitherto Unidentified Interstellar Lines
A. McKellar, Publ Astron Soc Pac 52:187-192 (1940)
Some Results with the COUDÉ Spectrograph of the Mount Wilson Observatory
W. S. Adams, ApJ 93:11-23 (1941)
Radio Detection of Interstellar CH
O. E. H. Rydbeck, J. Elldér, and W. M. Irvine, Nature 246:246-248 (1973)
Hubble Space Telescope Measurements of Vacuum Ultraviolet Lines of Interstellar CH
Y. Sheffer and S. R. Federman, ApJ 659:1353-1359 (2007) 

CH
Vis lines at 3878.8, 3886.4, 3890.2,
4300.3,   UV lines near 1271, 1368, 1369, 
1370, 1549, & 1694  Ǻ

J = 1/2, ν01 (3263.794 MHz)
J = 1/2, ν11 (3335.481 MHz)
J = 1/2, ν10 (3349.193 MHz)



28 30 2 84 0 28 50 2 86 0 28 70 2 88 0 28 90 2 90 0

0

500

1000

1500

2000

2500

j  =  5 ,5j =  6 ,5
R 2 fR 2 eR 1 e

R 1 f

j  =  4 ,5j =  5 ,5
R 2 fR 2 e

R
1e

R
1f

j =  4 ,5 j =  3 ,5
R

2f
R 2 eR 1 e

R 1f

j  =  3 ,5 j =  2 ,5
R 2fR 2 eR 1 e

R 1 f
in

te
nz

ita
 (a

.u
.)

v ln o če t (cm -1)

2857.50 2857.75 2858.00 2858.25 2858.50 2858.75 2859.00
0

250

500

750

1000

1250

1500

1750

2000

2250

2500
R2e

R1e R2f
R1f

in
te

nz
ita

 (i
.u

.)

vlnočet (cm-1)

CH radical 



3490 3500 3510 3520 3530 3540 3550 3560 3570 3580 3590 3600 3610
0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

in
te

nz
ita

 (i
.u

.)

vlnočet (cm-1)

C2 radical 
n



20 0 0 3 0 0 0 4 0 0 0 5 0 0 0 60 0 0 7 0 0 0 80 0 0
-18 .6

-18 .4

-18 .2

-18 .0

-17 .8

-17 .6

-17 .4

-17 .2

-17 .0 1 -0

2 -1

3 -2

3  T o rr H e
t =  5 5  µs

C H  R 1f J
//= 3 ,5

R  =  0 ,9 9 9 1

T v ib  =  5 3 3 4  K
K  =  -2 ,6 9  •1 0 -4

ln
( I

 / 
Vν

3 )

E v (cm -1)

CH vibrational temperature



CH4 CH 2CH 3

CHCH

CH C

C2H

He

He*

C2

H2H

destrukce methanu

vzájemné reakce

Vibrational temperature  5000 – 6000 K
Rotational  temperature   550 – 700 K
Excitation temperature    2500 – 3000 K 
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Profil radikálu CN:

Kumulace produktů v cele
Poměr izomerů HNC/HCN cca 2.5 %

Emisní profil HCN (a) a HNC (b) 



Možné cesty vzniku HNC ve výboji:

Výsledek modelu vzniku HNC ve výboji:
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Ionty - rychlé reakce, ale malé koncentrace

Radikály - kumulace HCN ve výbojové cele
během milisekund dáno rovnováhou HNC + H ↔ HCN + H

Potlačením radikálových reakcí vzroste poměr HNC/HCN.



Ve výboji CN
Přídavek vody - HCN (slabý pás).



Result - information about reaction 
dynamics 

•Emission intensity time profile.

•Brodad spectral range.

•High resolution

(rovibrational structure) 

Decomposition of extinguish agents CF3Br and (CF3)2CH

Time unresolved.

Time resolved.
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Time resolved  FTIR measurement in the laser sparkTime resolved  FTIR measurement in the laser spark

The emission arises in ablation of metal target by laser radiation of a pulsed nanosecond ArF (λ = 193 nm) laser  
1 kHz repetition, at fluences around 15 mJ



1/n system

laser: 1 kHz repetition

HeNe: 3 kHz repetition



Comparison of Arcturus spectrum with FTIR emission spectrum 

Arcturus' size relative to the Sun 
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Spectral resolution 0.05 cm-1
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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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