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Plasma production in liquids has largely been confined to those in water.  They have been 

investigated for many decades and those studies have most recently been reviewed by Malik et 

al [1].  There are a huge number of different electrode and power input configurations used to 

create such plasmas.  Most of the plasmas created in liquids to date consist of multiple micro-

channel breakdown plasmas, similar to the corona plasma in high pressure gas plasmas. It 

appears that the breakdown channel creates a “vapour” channel into which the plasma energy is 

deposited.  This normally requires large voltages (~10kV). In producing plasmas in liquids 

voltages with the polarity alternating at tens of kHz is found to be most effective and efficient. 

Recently there have been interesting new studies of plasmas created in saline solution 

by applying moderate (< 300 V rms) bipolar voltage pulses [2-7] to electrodes. Interest  in such 

plasmas has been prompted by their ability to ablate tissue in electrosurgical applications. They 

are currently widely used in various surgical procedures.  

This type of environment appears to be very conducive to the study of plasma 

production in liquids and in particular in elucidating the relationship between vapour layer 

formation and discharge formation.  We have developed an experimental arrangement to 

facilitate such studies. The experimental arrangement is shown in Figure 1.  

 

 

 
Fig. 1  Experimental arrangement. 
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The planar, stainless steel powered electrode is 2mm long and 0.2 mm wide and is 

surrounded by a stainless steel grounded shield, isolated from the powered electrode by a 

ceramic spacer, The electrode is held horizontally in a glass, saline containing container. The 

first lens elements of two telescopes are integrated into the container walls which provide 

magnified images of the electrode surface region.  The electrode is powered by a square wave 

voltage pulse with variable amplitude, duration and repetition rate. The images can be analysed 

using fast ICCDs and spectrometers. 

Preliminary studies of the vapour layer formation, based on time-resolved 

measurements of a alternatively-configured device, 1mm in diameter, and backlit, are illustrated 

in Figure 2.  The device was imaged using a telescope and fast ICCD camera operating with a 

gate width of 100 microseconds. The electrode immersed in an isotonic saline solution (0.9% 

NaCl in H2O).  

 

 

 

Fig. 2  An image recorded 500 microseconds after a - 180V voltage was applied to the electrode.  A 

preshot image has been substracted from this image. 

 

The dark layer over the surface of the active electrode is interpreted as caused by light 

scattering from a growing vapour layer. The time-sequence of images indicate that the layer 

forms from micro-bubbles starting at the tip and corner of the electrode and growing over the 

surface of the electrode.   
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