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I. INTRODUCTION 

The purpose of this chapter is to very briefly summa- 
rize the applications and limitations of NMR spectroscopy 
in the study of the silicates and oxides that make up the 
earth’s crust and mantle, and to tabulate the most useful 
data. More extensive reviews have been published recently 
that give background on the fundamentals, as well as de- 
tails of applications [2,11,29,33,34,42,61,62,88,116, 
1411. Extensive tabulations of NMR data on silicates 
have also been published [34,43,56,78,118,128,161]. 

The utility of NMR in understanding the chemistry and 
physics of materials comes from the small perturbations 
of nuclear spin energy levels (non-degenerate only in a 
magnetic field) that are caused by variations in local elec- 
tron distributions, by the distributions of other neighbor- 
ing spins (electronic or nuclear), and by the time depen- 
dence of these interactions. Any nuclide with non-zero nu- 
clear spin thus can, in principle, be observed by NMR, 
but the practicality of the experiment varies tremendously. 
Detection of signals from nuclides with low natural abun- 
dance and low resonant frequency is often difficult or im- 
possible, although isotopic enrichment can be useful. The 
same can be true for even abundant nuclides of heavy ele- 
ments, which may have extremely wide ranges of frequen- 
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ties and correspondingly broad NMR spectra. Potentially 
interesting nuclides are listed in Tables 1 and 2, which 
contain a simple comparison of the relative ease of obser- 
vation in a liquid sample, based on resonant frequency, 
spin quantum number, and abundance. These data serve 
only for rough comparison, however (especially for 
solids), because they contain no material-specific infor- 
mation on relaxation rates and line widths. 

NMR is an element specific spectroscopy, and spectra 
are primarily sensitive to short-range effects. Thus, like 
techniques such as x-ray absorption and Mossbauer spec- 
troscopy, NMR is a good complement to diffraction 
methods, and is particularly useful in amorphous materials 
and liquids. NMR can be highly quantitative, with a 1 to 
1 correlation between signal intensity and the abundance 
of a nuclide in a given structural site, regardless of the 
structure. In practice, of course, experiments must be car- 
ried out carefully to be accurately quantitative. A major 
drawback of NMR is its low sensitivity when compared to 
spectroscopies involving higher energy transitions (e.g. 
visible, infrared and Raman). Interpretations of solid-state 
NMR spectra still rely primarily on empirical correla- 
tions, but these are now well understood in a qualitative 
sense. Another limitation of NMR is a severe one for the 
study of natural silicate minerals: paramagnetic ions in 
abundances greater than a few tenths of one percent can 
broaden NMR spectra to the point of being impossible to 
observe or interpret [87]. 

Most of the data reported in the tables has been col- 
lected by high resolution magic angles spinning (MAS) 
techniques, with important contributions from the new 
technique of dynamic angle spinning (DAS), and from 
single crystal and static powder spectra. Figure 1 suggests, 
however, that some of the orientational information that 
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TABLE 1. NMR parameters for some nuclides of interest in geochemistry: 
spin l/2 nuclides 

Isotope Natural NMR frequency 
abundance, % at 9.4 T, MHz 

Receptivity 
relative to 29Si 

1H 99.99 400.0 2700 

1% 1.1 100.6 0.48 

15N 0.4 40.6 0.010 
19F 100 376.4 2252 

29Si 4.7 79.5 1 
31P 100 161.9 180 
57Fe 2.2 12.8 0.002 

77Se 7.6 76.3 1.43 
89Y 100 19.7 0.32 

lo3Rh 100 12.7 0.09 

losAg 48.2 18.6 0.13 

1 13Cd 12.3 88.7 3.7 

l19Sn 8.6 149.2 12.2 

1 25Te 7.0 126.2 6.1 
129Xe 26.4 111.2 15.4 
l@Trn 100 33.1 1.5 
171Yb 14.3 70.4 2.1 
183~ 14.4 16.6 0.03 

195pt 33.8 85.6 9.1 

199Hg 16.8 71.6 2.7 
*05T1 70.5 230.5 377 

*07Pb 22.6 83.7 5.4 

Notes for Tables 1 and 2: 
Data are primarily from tabulation in [49]. Noble gasses, lanthanides, less favorable iso- 
topes of elements listed, and unfavorable radioisotopes are excluded. Relative receptivity is 
calculated for low-viscosity liquid samples. Line width and relaxation behavior in solid 
samples can make this estimates quite misleading. In particular, nuclides with large 
quadrupolar moments (Table 2), and heavy nuclides with very large chemical shift ranges 
may be difficult to observe in solids. 

is lost in MAS may prove to be useful in characterizing 
anisotropic materials. 

Quantitative local structural information on minerals 
and melts is important to many problems in geochem- 
istry and geophysics. NMR has proven to be very useful 
in this area. A second nearly unique utiliiy of NMR, that 
is just beginning to be applied in the geosciences, is in 
studying dynamics at the time scale of seconds to 
nanoseconds. For many geochemically interesting pro- 

cesses, such as diffusion, viscous flow, and displacive 
phase transitions, the fundamental rate may be within 
this range. 

1.1. Definitions 
The chemical shift 6 is the perturbation in the reso- 

nant (Larmor) frequency v of a nuclide in a particular 
chemical environment, caused by screening of the external 
magnetic field by the surrounding electrons. 6 is genemlly 
























































