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1. Introduction
The DC glow discharge in pure oxygen and its mixtures in pressure range of hundreds of 

Pascals can be utilized in miscellaneous applications. The study of oxygen properties in this 
pressure range is therefore very important topic. In this pressure range it is possible to find two 
forms of positive column. These forms are defined according to the values of axial electrical 
field strength [1]. We distinguish low-gradient T form and high-gradient H form.

The main aim of the presented contribution is to study variations of intensities of oxygen 
spectral lines and bands in the dependence on the discharge current and on the pressure with 
respect to  the existence of the T and H form of the discharge. The influence of the discharge 
tube material on these properties of positive column was also investigated.

2. Experimental
Two U-shaped discharge tubes (inner diameter 27.2 mm, Silica and Pyrex glass) were 

used  for  measurements  of  parameters  of  the  DC  glow  discharge.  The  central  part  of 
the discharge tubes (length 340 mm) was equipped with head-on plane windows and two pairs 
of  cylindrical  platinum probes  (length  5 mm,  diameter  0.1 mm)  used  for  measurements  of 
electrical field strength. Spectra of emitted radiation were analyzed by means of monochromator 
Jobin  Yvon-Spex  Triax  (focal  length  550 mm)  using  plane  grating  (1200 grooves/mm). 
The monochromator  is  equipped  with  thermo-electrically  cooled  MTE  CCD  1024x256-16 
detector linked to the CCD 3000 controller connected to the PC. This arrangement allowed us to 
detect emission spectra in the range 200 - 1050 nm. 

Great  attention  has  been  devoted  to  the  purity  of  the  experimental  system to  avoid 
affecting  plasma  properties  by  presence  of  impurities  [2].  Before  each  measurement  both 
discharge  tubes  were  heated  up  to  420 ºC  and they  were  pumped for  several  hours,  using 
turbomolecular pump pre-pumped by diaphragm pump. The pressure in vacuum system checked 
after this procedure by full range gauge was about 5.10-5 Pa.  

The measurements were realized in spectrally pure oxygen of Linde production for pressure 
range 150 - 950 Pa and for discharge currents up to 40 mA.

3. Results
First we have focused on study of range of existence of both forms. H form was detectable 

in the whole pressure range while T form was found for pressures above 600 Pa. Example of 
course of electrical field strength in both forms can be seen in Fig. 1.

Our attention was paid to emitted radiation. Spectral lines of atomic triplet 777.2 nm and 
atomic  oxygen  844.7  nm  and  atmospheric  A-band  of  molecular  oxygen  were  detected  in 
the emission spectra of pure oxygen. Two discharge tubes made from different materials – Silica 
and Pyrex glass – have been employed for study of dependences on discharge tube material. 
Results are shown in Fig. 2.
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It has been found that atomic spectral lines were more significant in the discharge tube 

from Silica. This effect can be explained by higher re-association of oxygen atoms on the wall 
of  the  discharge  tube  made  of  Pyrex  glass  [3].  Increase  of  intensity  of  spectral  band 
corresponding to molecular oxygen with increasing pressure was also observed. Both described 
results were observed for the whole pressure range and for both forms of oxygen discharge.

To compare emission spectra in H and T form we have focused on the investigation of 
the relative intensities of studied lines and bands. Our results are shown in Fig. 3 and 4.

Differences in emission spectra of H and T form were observed. H form was characterized 
by similar values of intensities of 777.2 nm and 844.7 nm lines while intensity of 777.2 nm line 
was  permanently  higher  than  844.7 nm in  T form.  Therefore  different  ratios  of  atmospheric 
A- band intensity to 777.2 nm line and to 844.7 nm line were found in T form while similar values 
of these ratios were observed in H form. 

Concerning two different materials of the discharge tubes, higher ratios of intensities of 
molecular band to both atomic lines were observed in Pyrex glass compared to Silica for both 
forms of positive column. Higher ratio of molecular oxygen compared to Silica was therefore 
found in Pyrex tube for all conditions under which our measurements were undertaken. 
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Fig. 1 Dependence of electrical field strength on 
discharge current (p = 800 Pa).
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Fig. 2 Pressure dependence of intensities of head of 
atmopheric A-band and 777.2 nm line (I = 30 mA).
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Fig. 3 Relative intensities of studied spectral lines 
for both forms in Silica tube (p =950 Pa, I=30 mA).
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Fig. 4 Relative intensities of studied spectral lines 
for both forms in Pyrex tube (p =950 Pa, I=30 mA).
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