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Introduction. One of the major questions in the study of lunar soil is 
the extent to which glass contributes to the optical properties of the soil, 
and specifically this requires an understanding of Fe-Ti charge transfer 
bands in lunar glasses. The interpretation of crystal field spectra is much 
improved if local site geometries of Ti and Fe can be determined by 
independent means. We report the results of a preliminary study of Ti-site 
geometries for green glass (15427,63), orange glass (74220,678) and an 
aluminous impact glass (60095,35) using x-ray absorption spectroscopy by 
examination of the x-ray absorption near edge structure (XANES). XANES 
experiments were conducted at the Stanford Synchrotron Radiation Laboratory 
on beam line 1-5 with the Si(220) double crystal monochrometer (beam 
current~60 PA and an energy of 3 GeV). 

Theory. The use of XANES (edge energy 2 50 eV) to probe chemical states 
of Ti and other elements has its physical basis in the absorption of x-rays 
which occurs upon photo-excitation and photo-emission of the metal atom 
core-level electrons. For x-ray photon energies near the core-level binding 
energy, transitions occur to bound states of the molecule containing the 
metal atom, giving rise to structure in the absorption spectrum in the 
vicinity of the absorption edge. The near-edge spectra of Ti and other 
transition metals are rich in information from which details of the 
coordination environment can be deduced (1,2). Ti in a highly symmetric, 
octahedral environment and Ti lacking inversion symmetry (tetrahedral 
coordination) are easily distinguished. Figure 1 illustrates the XANES of 
the approximately octahedral environment of rutile, anatase and brookite. 
The near-edge spectra consists of three weak peaks lying below the absorption 
edge, plus weak features in the edge itself. The spectra (Figure 2) for 
Ti02-SiO glass, with Ti in tetrahedral coordination ( I ) ,  exhibit a 
single s$rong pre-edge feature. 

Results - and Discussion. The XANES of the three lunar samples are shown 
in Figure 3. The two volcanic glasses display similar peak heights and 
positions. The impact glass has a larger pre-edge feature (a) which is 
shifted slightly to the left. The intensity of the pre-edge feature 
indicates the impact glass has greater asymmetry in the nearest neighbors 
surrounding the Ti. Comparison of the lunar glasses with the single phase 
standards suggest mixed coordination geometries similar to those observed in 
SiO -Ti0 glasses (1, 2). Following procedures outlined by Greegor et 

2 a1.~(2), the mix of tetrahedral and octahedral site occupancies was modelled 
by comparison to Ti0 -SiO, glass (Ti, 4-fold) and ilmenite and polycrase 
(Ti, 6-fold). Ti sige odupancies were modelled by a combination of 20% 
four-fold and 80% six-fold (with glass and ilmenite as standards), but there 
are still subtle differences in peak heights, slopes and positions. A better 
fit was obtained by using 25% four-fold and 75% six-fold (glass and polycrase 
as standards). Although polycrase is compositionally quite different from 
the lunar samples, its Ti nearest neighbors (oxygen) dominate the spectral 
features of Ti XANES. In polycrase the Ti is present in distorted oxygen 
octahedra (bond lengths from 1.92 to 2.16 A (3)) which share apices with 
adjacent octahedra. The impact glasses are well modelled by a combination of 
40% four-fold and 60% six-fold (glass and polycrase as standards). This 
demonstrates the mixed coordination states of Ti in lunar glasses. The 
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variations in coordination may well be the result of the variations in 
Ti-content (0.38 to 8.18 wt. %)  and/or Al(6-25 wt. %).  Similar variations in 
coordination have been observed for SiO -Ti0 glasses (0.012 to 14.7 wt. 

2 2 
%). Color changes in the glass may be related to crystal field splitting 
induced by the changing geometry of the oxygen ligands around Ti (2). 
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Figure 1. Near-edge 
K-absorption spectra of Ti 
metal and Ti in approximately 
octahedral symmetry in 
anatase, rutile and brookite. 
The zero of energy is at the 
Ti K-edge. 

Figure 2. Near-edge spectra 
of standards used in analyzing 
the lunar glasses. The 
pre-edge feature is indicated 
by (a). 

Figure 3. Near-edge spectra 
for lunar glasses and modelled 
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Ti-coordination polyhedra 
(tetrahedral and octahedral). XIO-' EV 
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