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Abstract
In this paper, we discuss information on crystal structure and morphology available from nuclear 

magnetic resonance (NMR) spectroscopy of 207Pb for the mineral family [Pb(4f )]2[Pb(6h)]3(AO4)3Cl 
with A = V (vanadinite), P (pyromorphite), and As (mimetite). The isotropic chemical shift of the 
207Pb atoms at Wyckoff positions 4f and 6h was (re-)determined from either static single-crystal or 
magic angle spinning NMR experiments. This isotropic shift can be linearly correlated to the unit-cell 
volume within the mineral family, and in the wider context of lead-bearing minerals, to the shortest 
Pb-O distance for position 4f, in which 207Pb is solely coordinated by oxygen. By evaluating the num-
ber of resonances and their respective line widths in the 207Pb-NMR spectra of these three naturally 
grown minerals, it could be established that vanadinite forms single-domain macroscopic crystals 
with very small mosaicity, whereas pyromorphite crystals show NMR characteristics, which can be 
interpreted as being caused by significant mosaicity. In some instances, this mosaic spread could be 
quantitatively approximated by a Gaussian distribution with a standard deviation angle of σ = 5°. In 
contrast, our mimetite specimen was composed of multiple sub-crystals with a very high variability 
of orientations, going beyond mere mosaicity effects. By extending the NMR methodology presented 
here to other minerals, it may be possible to gain new insights about structure-property relationships 
and the morphology of natural grown minerals.
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Introduction
Nuclear magnetic resonance (NMR) has proven itself as a 

powerful tool to obtain reliable structural information on a local 
(atomic) length scale, notably where structural disorder or amor-
phous structural states make the application of X-ray diffraction 
very difficult (Laws et al. 2002; MacKenzie and Smith 2002). 
Beyond the atomic scale structure, which is largely determined 
by P-T conditions and the time-traverse through P-T space, 
parameters such as supersaturation, stresses, defect accumulation 
or ion transport during crystal growth, and crystal deformation 
also print their stamp on crystal morphology (Chopard et al. 1991; 
Penn and Banfield 1999), size (Galwey and Jones 1963; Otálora 
and Garcia-Ruiz 2014), mosaicity, and microstructure (Vinet et 
al. 2011). While the latter structural aspects are rarely addressed 
by NMR techniques, some information on these aspects may 
be available also via solid-state NMR, as will be shown in the 
current work.

Generally, NMR spectroscopy probes the response of nuclear 
spins in an external magnetic field, with the response being 
modified by the electronic surroundings (the so-called chemical 
shift and, for spin I > ½, quadrupolar coupling). NMR is, there-

fore, capable of delivering information about the distribution of 
electrons and nuclei in the crystal structure, and in some cases, 
even distance information by evaluating interaction between 
neighboring spins, the so-called direct and/or indirect coupling. 
The main aim of “NMR Crystallography” is to establish cor-
relations between NMR parameters and structural features, 
such as bond lengths or bond angles. One such parameter is 
the isotropic chemical shift δiso of the NMR resonance, which 
however is defined as the weighted sum of three components 
(the diagonal elements of the second-rank tensor δ, as discussed 
in detail below):

 iso  13 i
ii . (1)

It is comparatively easy to determine the isotropic chemi-
cal shift for nuclei with spin I = ½, by acquiring magic angle 
spinning (MAS) spectra of a powdered sample and identifying 
the isotropic peak (Andrew 1981). The value of δiso can then be 
utilized to derive important structural information such as the 
number and type of atoms coordinating the observed nuclide 
(Harris 2004). The structural environment has a particularly 
strong effect on δiso for heavy nuclides (such as 119Sn, 199Hg, or 
207Pb), due to their high number of electrons (Harris and Sebald 
1987). We have recently conducted NMR studies of 207Pb (I = ½) 
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