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OPTICAL BREAKDOWN IN LIQUIDS INDUCED BY

NANOSECOND LASER PULSES
Tatiana Kovalchuk, Gregory Toker, Valery Bulatov, and Israel Schechter

Schulich Faculty of Chemistry

Technion - Israel Institute of Technology, Haifa 32000, Israel

       The study of laser induced breakdown in tap water and the alcohols have considerable importance for understanding an optical breakdown mechanism in liquids supporting various laser applications in Biomedical and Chemical Engineering.

       Laser breakdown, induced by nanosecond pulses of 1064 nm wavelength radiation, was studied in tap water and four different alcohols: methanol, ethanol, butanol and heptanol. Data on structure and dynamics of a laser spark column were obtained by applying Mach-Zehnder interferometry, shadow and Schlieren diagnostic techniques. 

        The mechanism of breakdown has the same nature in the all liquids: it is initiated by inclusions that result in a discrete character of a laser spark. The expanding ablation plasma on the surface of an inclusion particle creates a cavity which generates a powerful micro spherical shock wave in the surrounding liquid. The details of the dynamics of cavities and micro shockwaves in alcohols and tap water were compared. It was found, that speeds of cavities and micro spherical shock waves in tap water are higher, at correspondent time delays, than in ethanol and other alcohols. It is supposed that this is explained by the better compressibility’s of the alcohols.

        The pressures of the compressed water behind the front of the spherical shockwaves and their thicknesses of layers were evaluated on the base of interferometric data.

         It was explored that heated channels, spatially coinciding with the caustic of the focusing lens, occur in the liquids.  The degree of heating the channels in the alcohols and tap water depends not only upon the liquid’s absorption coefficient but also on its thermo-physical parameters such as density and heat capacity. The radial distributions of temperatures in the channels were evaluated by using the interferometric data. The speeds of associated cylindrical shock waves were also determined.
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