TITLE PAGE: Nuclear Shielding: Resonance Line Position; Line Shapes & Line Widths as a consequence of induced fields around a nuclear site

In Atoms and Molecules the electrons are in constant revolution in Orbitals which should be constituting a constantly flowing currents . These flowing currents should be inducing magnetic fields at the center where the nuclei are located in atoms,for example. Thus at the nuclear site there would be induced magnetic fields whether there is an externally applied magnetic fields or not. Applying the external ,large,steady fields alters the way the electrons were flowing in the system before the application field and it is these changes in induced fileds which are manifest while measuring the Shielding effects as the Chemical Shift parameter. The alteration of the flow of electrons could be either a change in the velocity of electrons or the shapes of the orbitals.







The above Illustration with explanation is for the case of electron circulations in a molecule specifically around the Proton (Nuclear) position in the molecule. In an organic molecular crystal (Single crystal) every one of the crystal lattice site is occupied by the same molecule in the crystal structure specified.

Thus if, as above, a particular nucleus in the molecule at a particular site is considered and very other translationally  related site the induced field is the same this would result in a sharp resonant line if only the molecular contributions are considered around that nucleus. The resultant induced field, then need not be only from that molecule but, at a nucleus in one molecule the other molecules from other lattice sites (taken all together it can be the bulk susceptibility contribution) are also must be considered(Refer Sheet-4). This bulk susceptibility contribution is homogeneous through out the extent of the specimen, then this added contribution of the bulk susceptibility will be the same in all the nuclear sites and the bulk susceptibility effect can cause additional shift in the resonance line position and need not contribute to changes in line-shapes and widths (this is the case of spherical macroscopic sample shapes and the Ellipsoidal shapes in general.  However if the specimen has other regular shapes like that of a cylinder(Refer Sheet-15)/cube etc., then the induced field would not be homogeneous and the consequence would be in general, the specimen shape dependent  line shape (Refer sheet-18) and width changes of the resonance lines. 

   Applied Field





Alterations of shape of orbitals can come about because they are bonded in molecules i.e., in different bonding situations. Thus for the same applied field strength, the changes in the induced fields in presence of external field can be different. According to Lenz’s Law these induced fields have directions opposite to the direction in which the Magnetic field is applied. Paramagnetic and diamagnetic chemical shift contributions must be related to the sense in which circulations are altered relatively and whether changes can be accounted for by the deviations from spherical symmetries.














