
 
LIMITS FOR H, N, O AND O2 DETECTION BY MEANS OF 

ELECTRON PARAMAGNETIC RESONANCE 
 

M. Mrázková, V. Kudrle, P. Vašina, A. Tálský 
 

Department of Physical Electronics, Masaryk University, 
Kotlářská 2, 611 37 Brno, Czech Republic 

 
mmartina @ mail.muni.cz 

Introduction 

The Electron Paramagnetic Resonance (EPR) is a technique widely used in a broad range of 
chemical and biological applications, however its use in the plasma physics is not very 
common. Nevertheless, it is beside the Laser-Induced Fluorescence (LIF) and the Two-photon 
absorption LIF (TALIF) techniques one of the few methods giving the absolute concentration of 
atoms. The non-invasive character of the EPR technique (except of the magnetic field) makes it 
a very promising plasma diagnostic tool for decaying plasmas. The suitability of the method is 
especially valuable in the cases where the other methods fail, for instance for commonly used 
N2, O2, H2 gas mixtures, where it is important to detect H, N, O radicals [1]. 
 For practical and theoretical [2] use, it is important to know the limiting factors of the 
method, which are in the case of EPR technique the type of detected species and the sensitivity 
limits of the EPR spectrometer. For general overview of EPR detectable species, see [3]. The 
sensitivity detection limits are the subject of the present paper. 
 We have carried out the measurements of the EPR signal to noise ratio and estimated 
the detection limits for H, N and O radicals, using O2 as a reference to determine the absolute 
concentrations.  

 
Experimental 

The scheme of our apparatus is drafted in Fig. 1. The gas is led from the cylinders through the 
mass flow controllers into the LN2 cold trap, where   the unwanted impurities (namely H2O and 
hydrocarbons) are removed and then it continues into the discharge tube. The discharge is 
sustained in a quartz tube of a diameter 8mm by means of a surfatron cavity resonator powered by 
2.45GHz magnetron with 20W power. The experiment is performed in the flowing regime at 
reduced pressure. The concentrations of species in the afterglow tube are measured by means of 
the X-band EPR spectrometer (JEOL JES-3B).  
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 Fig 1: Experimental set-up. 



 
Results and discussion 

We began our experiments with the molecular oxygen as O2 is often used as a reference gas for 
the EPR calibrations, since its absolute concentration can be easily calculated from its pressure 
and temperature. The detection limits of species H, O, N will be presented on the poster. 
 It is well known that O2 lines are pressure broadened, so it is not possible to carry out 
the experiments directly in pure O2. Therefore we mixed the oxygen with nitrogen and 
maintained a constant total pressure, even when partial oxygen pressure was changed. In Fig. 2, 
we present the signal to noise ratio as a function of O2 concentration for the constant total 
pressure. These values were derived from the measured spectra (Fig. 3). It is visible that the 
weakest line (recorded for 2Pa partial pressure) is quite noisy, which nearly prevents a precise 
height or integral determination. We find the signal to noise ratio around 1 as a limit for the 
detection and S/N=2 as a limit for the quantitative measurement.  
 Thus from our measurements, we estimate the detection limit for the molecular oxygen 
(at 61Pa total pressure) to be 2x1014 cm-3 and the limit for the quantitative measurements to be 
5x1014 cm-3. 
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Fig 3: Signal to noise ratio for various abundance of 
O2 at constant total pressure p=61Pa (achieved by 
adding N2 without discharge) 

 
Fig 2: Recorded O2 lines which correspond to the
points in Fig. 2 


