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In insulating liquids and high-pressure gases, above some threshold voltage, 
prebreakdown phenomena such as current instability, light emission, etc., occur before 
breakdown [1-2]. Over the last decade, prebreakdown phenomena in liquids have become better 
understood through the use of sophisticated experimental measurements: simultaneous measure 
of the discharge current and the emitted light, high speed shadowgraphic records of propagating 
channels, streak records of the light emitted by the discharge, framing Schlieren records of the 
discharge, etc. However, the measurement of fundamental discharge parameters (energy of the 
carriers, kinetic temperature of the neutral molecules, electron density, etc.) still remains 
difficult. A spectroscopic study of the discharge is one way of obtaining such information. For 
discharges in low-pressure gases, spectroscopic determination of fundamental parameters has 
been successfully applied. For discharges occurring in liquids or high-pressure gases, few 
spectroscopic results are available in the literature [3-4]. In this case a series of difficulties must 
be overcome, the luminous emission is very weak and, a highly sensitive measuring system is 
needed. In dense fluids, due to high frequency of collisions, life time and density of excited 
species are strongly affected by secondary non-radiative deactivation processes (electronic 
quenching, etc…). Moreover, liquid molecules are made up of several atoms, inelastic collisions 
between electrons and molecules lead to very complicated processes: dissociation, 
fragmentation, recombination, formation of excited fragments, the spectroscopic analysis 
becomes extremely difficult.  

In this paper, from some examples, we show the contribution of the spectroscopic 
analysis of the light emitted by electrical discharges in liquids to the determination of some 
fundamental parameters. Electrical discharges are generated in point-plane electrode geometry. 
In this configuration, investigations of streamer initiation processes, which requires a very high 
electric strength (∼MV/cm), and of propagation ones (requiring low electric field, ∼kV/cm) can 
easily be made. Here, the word “streamer“ is used to designate any propagating prebreakdown 
phenomena. 

According to experiments, spectra in the range 200-1100 nm show atomic lines and/or 
molecular bands and/or continuum. Molecular diatomic bands lead to information on vibrational 
and rotational temperatures of molecules or radicals and, in some cases, to the kinetic 
temperature of heavy species (due to the strong coupling at high density between translational 
and rotational energy states). In our conditions of low spectral resolution, Tr and Tv have to be 
deduced from comparison of experimental and calculated spectra taking into account the 
measured instrumental function. Broadening and shift of atomic emission lines are used to 
evaluate plasma density and temperature. Here, natural and Doppler broadenings are negligible 
and the major source of line broadening is the interaction of the radiating atom with surrounding 
particles. Taking into account the different processes of line broadening (resonant, Van der 



Waals, Stark) and the self-absorption process of the emission lines, the theoretical profile of 
atomic lines can be calculated and then compared to the experimental one in view to evaluate 
kinetic temperature, density of perturbers (=plasma density) and thickness of the plasma 
generated during discharges in liquids. In high density discharges, the detailed interpretation of 
a measured spectrum is a hard task. However, the spectroscopic methods can be very useful to 
give information on the plasma state. 
Example: Spectroscopic investigation of positive streamer propagation in water. 

In pure water, three main positive streamers types can be observed, with average 
propagation velocities vm of 0.5 (type I), 1-2 (type IIlow) and 30km/s (type IIhigh) respectively [5]. 
The light emitted near the tip point by streamers shows the UV OH band (A2Σ-X2Π), atomic 
lines of OI (3s-3p), Hα (Balmer line) and a strong continuum from 350 to 500 nm. The light 
emitted by streamers of type I is too weak to be able to obtain their spectrum and then to do 
their spectroscopic analysis. 

From an analysis of the OH band and from the broadening of the atomic lines (Hα and OI 
at 777nm), the kinetic temperature and the electron density within filaments of both streamer 
types have been evaluated. The rotational temperature of the OH radical has a value which is 
generally considered to be very close to the kinetic temperature in the discharge.  

Table I: Temperature and electron density in the streamer filament deduced from simulation of the OH 
band and Hα balmer line 

Streamer type Rotational temperature (K) Δλstark (nm) Ne cm-3

Type IIhigh 3600-4000 14-17 5-8 1018

TypeIIlow 3250 1 1 1017

In water, the discharge zone for type IIlow and type IIhigh streamers consists of a plasma 
with a kinetic temperature of 3000-4000K. But, we observe a remarkable difference in electron 
density for type IIhigh compared to type IIlow streamers, this may indicate a clear difference in the 
degree of ionization in the plasma.  

The development of fast supersonic streamers in liquids is associated with large current 
and emitted light pulses. As expected, Ne increases with streamer velocity, Ne∼1 1017 cm-3 for 
vm∼1-2km/s and Ne∼5 1018 cm-3 for vm∼30km/s. The same result has been obtained for streamer 
propagation in liquid nitrogen [4]. In this liquid, it was also shown that the kinetic temperature 
T within the discharge channel increases with vm: T∼400K for vm∼2km/s and T∼3000K for 
vm∼10km/s. All these characteristics are reminiscent of those observed in gases at the streamer-
leader transition.  
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