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ABSTRACT 

Some of the problems to be encountered in the large scale use of 
dye lasers in an Isotope separation plant are discus 3d. 

Why should dye lasers be employed? How can dye inversion 
efficiency be optimized? How can dye photochemical <L opposition 
and hence running costs be minimized and how serious Is this effect 
anyway? What are toxicity problems with the dye? These and similar 
issues are examined. 

* This work was performed under the auspices of the U.S. Energy Research 
and Development Administration. Contract #W 7405 Eng. 48. 
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The Isotope separation process which is a background to my talk 
relies on the isotope shift in the atomic uranium vapor spectrum. 

For the wavelengths of interest, from the visible in the red, up 
to the Ionization potential of uranium at about 200 nm, there are few 
coincidences of known laser lines with the atomic absorption. It is 
possible to employ physical "tricks", for example by mode selection of 
xenon laser lines we can produce coincidences and this was the basis of 
a separation experiment known locally as Project Morehouse which has 
been reported from this Laboratory. Unfortunately, the xenon laser 1s 
an Inefficient one and the separation process does not scale economically. 

The dye laser on the other hand can be tuned to the wavelength of 
Interest. At Livermore we are examining pulsed laser pumped dye lasers 
where the laser pumps are scalable systems such as the copper vapor laser 
and the doubled neodymium YAG laser. 

Why do we use the dye? First, tunability. The organic molecule has 
a broad fluorescence band and by placing a dispersing element In the cavity 
we are able to select a fine line within the fluorescence band. The laser 
only has a high Q in the region where we force 1t to oscillate and because 
the stimulated emission process is homogeneous, we lose little in efficiency 
Also, from the point of view of the dye, there is no restriction on band 
width and band shape, thus the line can be shaped tc match the atomic 
absorption lines, and there is no limitation in pulse length. Also, the 
range of wavelengths available from the dye presently extends from 340 ran 
to beyond a micron. 

By a combination of dyes such as the rhodamines in suitable solvents 
we are able to cover the wavelength region from 530 nm to 700 nm using a 
copper vapor pump. 
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What are the problems we are having with the dye right now? Typical 
conversion efficiencies we are able to achieve are 205! whereas the theoretical 
limit varies but can be as high as 70%. Improvements in this depend largely 
on improvements in the dye. We are placing emphasis on improvements in 
quantum yield, improved matching of the dye absorption band with the pump 
line, and reduction of the excited state absorption cross sections 1n the 
regions of the pump and fluorescence band. 

What about dye cost? During operation we slowly observe deterioration 
of dye laser output and this is assigned to photochemical degradation. He, 
therefore, look upon the dye and dye medium as consumables in the isotope 
separation process. Such decay is a consideration but not an Important one 
yet. Two of the common dyes,rhodamine 6G and rhodamine B.are sold large 
scale(100-150 tons a yeer)under the names of Basic Red 1 and Basic Violet 10 
at about $8.00 per pound. The first is an ingredient of red inks. These are 
quite sophisticated molecules as far as organic structures are concerned. My 
point is if there is a need for these or any related materials we can expect 
the price to come down to this level. Consider a case rhere we pay $50/1b., 

an extraction plant the size of Oak Ridge, a quantum yield of destruction of 
-4 10 and other reasonable assumptions. If we allow the lasers to decay from 

100% to 90% of output and simply threw the dye away, this would add 20$ SHU 
to the cost of extraction, a price less than the cost of electricity for 
running the pump lasers and would consume 10 tons of dye a year. He can do 
this now. An improvement in quantum yield by two orders of magnitude should 
reduce a small problem to a negligible one. If we examine performance from 
an engineering point of view, stable lasers require a low concentration of 
high gain, photochemically bleachable and stable dyes in a short cavity. 
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Frotn a chemical point of view, improved stability dyes may be prepared by 
systematically changing molecular structure to inhibit photochemical de
composition mechanisms. This approach has been extremely successful in 
the blue-green region of the spectrum for the Navy SAOCS Program. Another 
chemical approach is to find a selective scavenger, for example, an 1on 
exchange resin for removing dye impurities in the dye flow circuit. 

Another potential problem with the dye is toxicity; for example. Red 
Dyes numbers 2 and 4 have been withdrawn as food coloring additives. I 
don't think this Is a serious issue. The materials we are using now, under 
the conditions we are using them have not been reported to be toxic, although 
properties of the newer dyes are admittedly unknown. Rats injected with 
rhodamlne B intermittently over the course of two years have been found to 
develop tumors. The minimum quantity of dye needed to produce this effect 
was 3.6 g per kg. of rat, and the animals were a violet color throughout 
the course of the experiment. This does not represent cur operational 
conditions. So, the dyes we use are non-toxic. Even if they were toxic, 
it is not a difficult matter to change the dye molecular structure to reduce 
toxicity yet retain lasir.g properties. We use some exotic solvents to 
maximize laser output and the discarding of these would be expensive and 
polluting. Simply, we would -edistill and reuse them. 

The dye laser is ir. its infancy and already it promises to do a good 
job in the isotope separation experiment. 
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