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Introduction:  
 

Aside from intrinsic scientific interest, photochemical separation of the isomeric states of single nuclides 

offers one possibility of achieving a nuclear population inversion, essential for the development of gamma ray 

lasers, or GRASERs [1,2]. Just as for isotope separation, photochemical methods of isomer separation depend 

upon the existence and magnitude of spectral differences between the species to be separated exceeding the 

resolution of tunable optical sources. 

 

Mercury has already been shown capable of isotopically selective photochemical reaction using 254 nm 

radiation [3]. These studies have been performed on the even mass number stable isotopes (i.e. 198 and 202) 

which have zero nuclear spin and one hyperfine component per isotope within the hyperfine structure of the 254 

nm line. Mercury 197m, the excited nuclear state, has a half-life of 24 hours, with three hyperfine components 

due to the nuclear spin splitting effect [4,5]. The ground state, Hg-197g, is also radioactive with a half-life of 64 

hours, but the nuclear spin splitting results in a doublet [4,5]. 

 

Mass, spin, quadrupole, and nuclear volume effects give rise to shifts and splittings of the optical energy 

levels of atoms and molecules. In the case of mercury, its optical spectrum has been shown to contain several 

lines with well-resolved hyperfine structures characteristic of the different isotopic species. The hyperfine 

structure has been measured for Hg-197m and Hg-197g [5]. Isotopes have been separated by chemical reaction of 

mercury atoms selectively excited at 254 nm by means of a mercury lamp incorporating a single isotope (or 

enriched in a specific, single isotope. The excited atoms can react with oxygen to produce isotopically enriched 

HgO which may be recovered [3]. 

  

 Separation of Hg-197m: 

 

In a similar manner it should be possible to selectively excite and separate the Hg-197m isomeric state. 

However, a different source of radiation is needed. The specific wavelength required may be obtained by use of a 

nitrogen laser pumped tunable dye laser providing a wavelength of 508 nm , which is then frequency doubled to 

254nm using a non-linear potassium pentaborate (KPB) crystal and then tuned and scanned to the desired specific 

wavelength for the selective excitation process. Resolution is on the order of 0.0008 nm using an in cavity etalon 

with such a laser configuration. One absorption line of the Hg-197m triplet is almost 0.002 nm from the nearest 

Hg-197g hyperfine component and about 0.0026nm from the nearest hyperfine component of any of the stable 

Hg isotopes [5]. Therefore it should be possible to recover the Hg-197m state enriched relative to Hg-197g or any 

of the stable isotopes of Hg. The degree of isomer enrichment can be readily determined by measurement of the 

characteristic emissions of the radioactive Hg-197m and Hg-197g states. It is noted also that the use of recoil-

based radioactive isotope enrichment (the Szilard-Chalmers process) during the preparation of the isomeric 

species would facilitate the subsequent photochemical enrichment of the isomeric state. 

 



Possibility of Br Isomer Separation: 

 

 Another element which has been studied for photochemical isotope enrichment [6], and has isomeric 

states of reasonable lifetime (relative to times required for chemical processing to recover the enriched material) 

is bromine. Selective excitation of the molecule Br2 produces bromine atoms. Reaction of these atoms by 

hydrogen abstraction with HI can result in a product enriched in the selectively excited isomer or isotope. Br-80 

has an excited state, Br-80m, with a half-life of 4.4 hours and a ground state, Br-80g, with a half-life of 17.6 

minutes. It should be feasible to separate these species by a selective photochemical reaction. The spectrum of the 

molecules containing Br-80m has not been measured, but isomer shifts should exist for these species relative to 

normal bromine. Again measurement of the characteristic emission from the radioactive isomeric and ground 

state can be used to verify enrichment factors. 

 

 

 

References: 

 

[1]  Baldwin, G.C. and Kholkov, R.V. , Physics Today, 28, (2), 32, (1975). 

 

[2] Letokhov, V. S. , Science, 180, (451), 1973; 190, (3440, 1975 

 

[3] Gunning, H.E. and Strauss, O.P., Advances in Photochemistry, ed. By Noyes, Hammond and Pitts, Vol.1, 

p.209, (1963). 

 

[4] Lederer, C.M., Hollander, J.M. , and Perlman, I. , Table of Isotopes, John Wiley (1967). 

 

[5] Mellisinos, A.C. , and Davis S.P. , Phys.Rev., 115, 130, (1959). 

 

[6] Leone, S.R. and More, C.B. , Phys. Rev. Letters, 33, 269, (1974). 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                   DRAFT OF PHOTOCHEMICAL ISOTOPE SEPARATION OF BROMINE 
 
 

 



 



 



 



 



 



 


