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Abstract 
Several new states of Liz have been observed in fluorescence, excited by Ar+, Kr+ and cw dye 

lasers. Results from the analysis of high resolution Fourier transform spectra are reviewed, and 
spectroscopic constants are compared with ab initio predictions. 

Introduction 

The lithium dimer is one of the most extensively studied diatomic molecules, both 
experimentally and theoretically. With the advent of large scale computational facilities, sophisticated 
all-electron calculations became possible for light molecules such as Li2, and high quality ab initio 
potential energy curves have been computed for the valence states and for many of the Rydberg states 
of Liz, /1,2,3/. Experimental data have been essential in evaluating the theoretical predictions 
concerning excited electronic states, and various techniques have been employed to extend the data base 
of spectroscopic information available. The different methods used (e.g. excitation spectroscopy, 
dispersed fluorescence, perturbation facilitated optical-optical double resonance (PFOODR) among 
others) complement each other, and together give a solid description of the valence states of Liz. We 
present here the contribution from laser induced fluorescence recorded by Fourier transform 
spectrometry over the past five years. These experiments have led to the first observation of the (2)'C; 
/4,5/ and (2) 'C: 161 states and the (l)'TT, state in 6 ~ i 2  / 71, and have also produced extensive data on 

the triplet systems ( 1 ) 3 ~ i  - a32: /8,9/ and ( I ) ~ A ~  - b 3&/10/. 

The great advantage of laser induced fluorescence lies in its selectivity. Direct fluorescence 
occurs from a very small number of rovibrational levels of a given excited electronic state, giving a 
simple, uncrowded spectrum. In the absence of relaxation, the technique gives very little information 
about the upper state (sometimes only a single term energy T,,j ) but may cover a limited number of 
rotational levels in many vibrational levels of several lower lying electronic states. The information 
contained in a spectrum may be enhanced if the lifetime of the upper state is long enough that collisions 
populate rotational (and occasionally vibrational) energy levels close to the single level pumped by the 
laser, in this case, series of relaxation lines surround the principal transitions. More rarely, electronic 
energy transfer occurs as a result of collisions, populating electronic states which are not accessible via 
laser excitation from the ground state. In Liz, we have observed multiple examples of both direct and 
collisionally induced fluorescence. 
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We form Liz in a heatpipe oven at 1100 K, using about 10 Torr argon as a buffer gas. The 
lithium vapour is excited axially by a laser beam, which is either a fixed frequency from an argon or 
krypton ion laser, or a C.W. dye laser - usually in monomode operation. Backwards fluorescence is 
collected on a pierced mirror, and facused with a lens on to the entrance a p e m  of a Fourier transform 
spectrometer. The spectra are always Doppk~ litnited in resolution. 

The electronic transitions we have recorded in fluorescence are indicated in Figure 1 below. 
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Figure 1. 

Laser induced fluorescence in Liz 
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Using uv lines from an argon or krypton ion laser to excite the C 'nu state and the (2) '2: 
(double minimum) state of Liz , we observed in the infrared direct fluorescence to (2) 'Ci and to (1) 
'TT,. The latter was the first experimental observation of the (1) 'TT, state in 6Li2, and allowed us to 
measure the dissociation energy of this state, and to study, in detail, interactions between (2) 'C; and 
(1) 'll,. Figure 2 shows a progression of doublets converging to the dissociation limit Li (2s) 2Sln + 
Li (2p) 2P3/2. The same laser lines produced a collisionally induced spectrum, (l)3Ag - b3n, in the 
visible region, see below. 

Figure 2. C 'nu - (1) 'TT, fluorescence in 6Li2. 

Exciting Liz with AI+ 4880 and 4765 A gave, alongside the visible B-X fluorescence,a 
collisionally induced spectrum of the (2)'Ci - A '1: system in the IR. The upper state showed 
unusual vibrational distribution as a result of the mixing of ionic and neutral atomic character in the 
potential curve. The data from 6Li2 and 7Li2 for the (2)'X; state were isotopically consistent. The 
most intense transitions were those in which the (2)'Ci levels had the same J and lay close in energy to 
the excited level in B Illu. 



A second collisionally induced transition following initial excitation to B 'TTu accessed the 
triplet manifold of Liz. The upper state populated by collision is (1) 'X i ,  which lies 4000 cm-1 below 
the level pumped directly in B 'nu. The transfer appears to be non selective in Av and AJ . From high 
resolution spectra of (1) 3 ~ i  + a 'Xi ,  we constructed an accurate potential energy curve for the 
weakly bound a 'C: state. 

An illustration of the different types of spectra obtained is given by a single colour double 
resonance experiment. We found that when we used a tunable dye laser, operating m~raomosie with 
DCM dye, to excite lithium vapour, a few particular frequencies produced a bright green fluorescence. 
Each of these frequencies was resonant simultaneously with transitions in the A -X and F - A 
systems. The double resonant excitation of FIZ', is followed by collisional transfer to (1) 3Ag and we 
observe the (1) 3Ag - b 311u transition in the green region. Figure 3 shows spectra obtained with the 
laser tuned to 15047.53 cm-l. 

Figure 3 

The laser pumps P(10) 4-0 in the 
A'X: t X  '2; transition, giving 
rise to the direct A+X fluorescence 

17550 
in spectrum a. The main doublets 
are accompanied by extensive 
rotational relaxation in this case. 
This laser line is also resonant with 

P(9) 1-4 in the FIC: t A 'C: 
transition, and again the direct 
fluorescence, F+A is observed - 
see spectrum b. The rotational 
relaxation is much weaker in this 
system. Spectrum c shows part of 
the collisionally induced (1) 3Ag - b 
3nU system. Only bands with v=O 
in the (1) 3Ag state are observed, 
but the rotational selectivity is 
reduced. 

Combining the high resolution data on the (1) 3A, - b 311, sytem obtained in collisionally 
induced fluorescence following argon, krypton or dye laser excitation, we find that collisional transfer 
from CITTU, (2)'Z: and F'C; to (1) 3Ag, tends to occur to the nearest rotational level allowing the 
quantum number J to be conserved, and always conserves the a,s symmetry of the rotational levels. 
We have studied line broadening and shifts caused by predissociation of b 31T, by a 3 ~ :  and our 
measurements are in good agreement with ab initio calculations, Ill. We have also observed 
perturbations in (1) 3Ag due to interactions with (2) 3Hg. 
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We have observed several new electronic states of Li2 and extended observations of others. A 
summary is given in the table of constants below, withab initio values quoted for comparison. 

Table 1. Spectroscopic constants for 6 ~ i ~  in cm-l. 
Experimental values (boldface) with ab initio values from /I/ beneath (*indicates ab initio values from /3/). 

State Te 

In this review, we have illustrated how laser induced fluorescence, combined with Fourier transform 
spectrometry has enabled us to provide a complete description of several electronic states of Liz, and to 
study perturbations between these states. Now that the singlet states of Liz are well known, and 
excellent ab initw calculations exist for the triplet states, we can pursue the study of the triplet states, in 
particular due to collisionally induced spectra which accompany direct laser induced fluorescence. 

This work was supported by grants from NATO and from NSERC in Canada. The Bomem FT 
spectrometer in Lyon was financed by the CNRS, Universit6 Lyon I and the Region Rhone Alpes. 
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