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ENCOUNTER with INTER Molecular and BULK Susceptibility Effects in HRPMR studies SOLIDS; Proton Shielding Tensor Measurements

[image: image1.png]1. Experimental determination of Shielding tensors by HR PMR
techniques in single crystalline solid state, require Spherically Shaped
Specimen. The bulk susceptibility contributions to induced fields is
zero inside spherically shaped specimen

2. The above criterion requires that a semi micro <pherical volume
“lement i< carved out around the site within the specimen and around
the specified site this carved out region is a cavity which is called the
Lorentz Cavity. Provided the Lorentz cavity is spherical and the outer
specimen shape is also spherical, then the criterion 1 is valid.

3. In actualty the carving out of a cavity is only hypotheticaland the
carved out portion contains the atoms/molecules at the lattice sites in
this region as well. The distinction made by this hypothetical boundary.
is that all the materials outside the boundary is treated as a

continuum. For matters of induced field contributions the materials
inside the Lorentz sphere must be considered as making discrete
contributions.




As stated above the HR PMR studies which are intended for determining Shielding tensor of protons are found to be beset by a difficulty; namely, every organic molecular system which is to be studied by HR PMR in single crystals had to be first of all made into spherically shaped specimens. 

ENCOUNTER with INTER Molecular and BULK Susceptibility Effects in HRPMR studies SOLIDS; Proton Shielding Tensor Measurements

Not all the crystals grown have the characteristics to realize the spherically shaped specimen. This is so because making sphere out of the naturally grown morphology of the crystals required a sort of grinding that the crystals would not withstand and so the specimen might break into pieces even before nearing the spherical shape. Thus the applicability of the Multiple Pulse Line narrowing technique was limited only by the properly shaped specimen while from the point of view of NMR instrumentation the progress was proving to be a highly promising.

If there must be any necessity to study the improvement on the instrumentation part, it was necessary to find out whether there would really be so many numbers of samples to study. Instead of changing over, even from the point of view of basic research, the preoccupation was to find ways to circumvent the impediment and in simple terms the problem was to find out whether there is any way by which the intra molecular information on shielding can be retrieved from the experimentally determined Shielding tensor values from specimen of arbitrary shape.

Thus the basic approach had to be to sort out all the possible contributions to induced fields at a proton site in a single crystalline solid; and, find out how to disentangle them from the experimentally observed value. 
What are the Contributions to Induced Fields at the site of the nucleus from the different parts of the specimen that makes up the Experimentally Measured Shielding Tensor?
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The above figure depicts the considerations discussed in the following reference:

Pyromellitic Acid Dianhydride; Crystal Structure and Anisotropic Proton Magnetic Shielding: S.Aravamudhan, U.Haeberlen, H.Irngartinger and C.Krieger, Molecular Physics, 38, 241 (1979). 
The spherical sample is divided into two regions (1) the Lorentz sphere contributions from which are calculated by discrete sum of values from individual neighboring molecules σinter.  (2) The continuum bulk region from where the induced field at proton is dependent on the shape dependent bulk susceptibility factor σII

In the following sheets more of this aspect would be displayed and discussed. First of all the equation used for the discrete summation of inter molecular contribution would be explained in the next sheet after explaining the reason for bulk susceptibility contribution being zero for spherically shaped specimen.
To describe “The “PARADOXICAL” Situation” begin with the excerpt as below copied from the Reference: [image: image3.emf]
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THE CHARACTERISTICS of the Induced Field Contributions of the two categories above, from within IVE and from outside the IVE would be dealt with in the next few sheets.                         
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[image: image15.bmp]                                                                                                                                                                        

Figure (i), (ii) and (iii) depict the three contributions to local field at the site of molecule. The first and second are independent of the position coordinate of the molecule within the specimen. If only these two terms are taken into consideration for the resultant induced field at the molecular site, then the specimen would be homogeneously magnetized. However, in general the third contribution as depicted in Figure (iii) is specimen shape dependent. This means that this cavity filed is dependent upon the position coordinate of the molecule in the macroscopic specimen, and varies over the extent of the specimen the distribution dependent on the macroscopic shape.

In fact, to begin with, if the contribution as in Fig (iii) is considered from the fields due to factors (i) & (ii), after calculating the total of all the three, and beginning with this calculated value of the induced field at every molecular site, it is possible to reevaluate, IVE field and Cavity field and this is a iterative procedure, which can be repeated until the fields are obtained consistently to a required limit of accuracy.

(In the following sheets…)

HOW DID HR PMR in SOLIDS SIMPLIFY and PROVIDE BETTER CLARIFICATION?

Excerpts from the reference: 
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Magnetized Materials: Contributions Inside Lorentz Ellipsoids, S.Aravamudhan, Indian Journal of Physics, Vol 79 (9), 2005, 985-989
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The discussions here of the Magnetic Resonance 

Line shapes are based on the mechanisms and 

magnitudes in a diamagnetic organic molecular 

single crystals. The implications of these materials 

in this presentation to studies on Magnetic Materials 

in general should be valid when provisions are 

made for the differences in the interactions and 

magnitudes in the respective systems.

The diamagnetic organic molecular single crystals 

provide a simplified model to visualize what goes 

on. In particular the ranges of magnitude  of 

susceptibility in these systems seem exceptionally 

illustrative of  the role of microscopic discreteness 

and macroscopic continuum.
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Lattice
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Shell by Shell
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When the R becomes 

large, the R-1 term 

contribution becomes 

smaller and smaller to 

become insignificant

Magnetic field direction

-ve zone

+ve

(1-3.cos2θ) term 
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See drawing below


The above presentation File can be downloaded from http://nehuacin.tripod.com/id1.html as “Refreshing Slideshow before the MRSFall2006:” http://in.geocities.com/saravamudhan2002/MRSFall2006_3.ppt 

The studies of this type indicate that the discrete summation within IVE may be resulting in significantly larger contributions, than the macroscopic bulk contribution, even though within the limits of smaller contributions, the macroscopic contribution would depend on the shape factors. The IVE contribution is independent of shape factor and can be of much larger magnitude.
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   This presentation file can be downloaded from http://nehuacin.tripod.com/id1.html as presentation file for MRSFall2006, Slides 1-5. The above slide summarises the details to which SSNMR can be revealing for a variety of specimen to comprehend the induced filed distributions within materials. http://nehuacin.tripod.com/sitebuildercontent/sitebuilderfiles/mrsfall2006_presentation1.ppt  Can the Experimentally measured Values of the Shielding Tensor for the spherical shape and the Ellipsoidal shape be related by an equation?
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This is the download from the poster at 4th Alpine SSNMR: SHEET-9 from URL: http://nehuacin.tripod.com/id3.html  
 The Consequences and the IMPACT of STUDIES in HR PMR in Solids and the pursuance of studies in SSNMR to Quantitative descriptions of induced Filed contributions:  Downloads from:  http://in.geocities.com/saravamudhan2002/MRSFall2006_3.ppt                                                
[image: image9.emf]6/29/2008 9:32:47 AM MRSFall 2006/This slide 01m:15s 
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The various demarcations in an Organic Molecular
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the Contributions to the induced Fields at the specified site.
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1. Contributions to Induced Fields at a POINT within the Magnetized Material.

Inner Volume 

Element

Equation for Discrete summation

Discrete summation:

an animated Illustration in 

Slides # 8 & 9 

!!!



[image: image10.emf]6/29/2008 9:40:11 AM MRSFall 2006/This slide  02m:01s 

for  prev. 4 slides=05m:27s      

5

RECAPITULATION on TOPICS in SOLID STATE

Defining what is Conventionally known as “Lorentz 

Sphere”

It becomes  necessary to define an

I

nner 

V

olume 

E

lement 

[I.V.E] 

in most of the 

contexts to distinguish the nearest neighbours (Discrete Region) of a specified site 

in solids, from the farther elements which can be clubbed in to be a continuum. The 

shape of the I.V.E. had always been preferentially (Lorentz) sphere. But, in the 

contexts to be addressed hence forth the 

I.V.E. need not be invariably a sphere.

Even 

ellipsoidal I.V.E. or any   general shape   

has to be considered and for the 

sake of continuity of terms used it may be referred to as 

Lorentz Ellipsoids / Lorentz 

Volume Elements. 

It has to be preferred to  refer  to  hence forth as I.V.E. ( Volume 

element inside the solid material : small compared to macroscopic sizes and large 

enough compared to molecular sizes and intermolecular distances).

Lorentz 

Spheres

Spherical

For outer 

shapes

ellipsoidal

cubical

arbitrary

Conventional

Currently:

The Discrete Region

I.V.E.  

Shapes other 

than spherical

I.V.E. need not be invariably a sphere

general shape

OR

OR

OR

For any  

given      

shape


The extent to which the polarizability P can be considered to be consequence of the Externally applied field only, and to which extent the secondary induced field values alter the P values comes within the purview of quantitative considerations without any assumptions of symmetry to render a zero value (and hence negligible). Also relative magnitudes of the discrete IVE contribution and the continuum bulk contributions can be estimated because out of the necessities for the HR PMR studies, a summation procedure for demagnetization factor could be evolved out.  This procedure is sketched in Appendix Sheets-14,15 and 16
                                                                                                                                                                            


[image: image11]

If P is related to Emac (instead of to ELoc in equation-2) which is the applied field, then the paradoxical situation would not be posed. The paradox is that ELoc is a field which is a value including the effect of P, and hence to know ELoc for equation 2 the value of P must have been known already.





Equation 2





Equation 1





In equation 1 above ELoc on the Left Hand Side of the equation, obviously depends on the value of P for estimation. And, in equation 2, the value for to is to be estimated from the value of ELoc.





�





Consider a chemical entity, an atom or a molecule or a uniform domain be represented by the stars on the left hand side which are periodically arranged. Here a two dimensional case is considered for illustration and whenever necessary a three dimensional structure would be implied for cases of discussions and inferences.





When there is no EXTERNAL magnetic field is present the diamagnetic system of such periodically arranged entities, would not have any magnetization to exhibit.





When an external magnetic field is applied, and the above chemical ensemble is placed in the Uniform magnetic field (illustration below), each chemical entity acquires a magnetization determined by the diamagnetic susceptibility. This acquired magnetization is referred to as the “presence of a magnetic dipole moment” at the molecular site due to its diamagnetic susceptibility. This corresponds to the situation of a P = n( Emac as construed at Sheet_4, for equation 2





At this stage, the every individual dipole moment is producing secondary fields around them, but the consequences of such secondary fields are not considered in the depiction on the left and each dipole moment is characteristic value for the diamagnetic molecule as if, no other similar molecule is present in its neighbor hood.


Hence this is only a first approximation.





Here onwards the frame work of molecules will not be depicted, and the presence of such a molecular frame work would be implicit whenever the consequential magnetic moments are referred to: 





Uniform magnetic field and the Magnetic moments 





External field





The induced magnetic moment is opposite in direction to the applied field (diamagnetic susceptibility).





Every site in the left hand side gets a contribution from its nearest neighbors as discussed in the previous sheets. This contribution is from within a spherical volume element I.V.E. This contribution summed up, can be dependent on the distribution of neighbors (in particular the ‘r’ and ‘θ’ for the inter (site) molecular vector). But, at each site the molecular site this contribution (from within the IVE around itself) would be the same.





On the left side is indicted symbolically the induced field summed up from within the IVE at each one of the above molecular sites due to the primary induced moment. The summed up field direction need not be specifically aligned with respect to external field direction. Thus any of such pictures below could be possible even though it would all be identically the same result at every site. In fact any of such results as on the left is a possibility.





The important consideration is that the two quantities (i) primary moment and (ii) the contribution from IVE can be added at every particular site. And such a resultant would be identical for all the sites. The IVE field (external to the molecule at the site) can give rise to additional induced moment in the molecules proportional to the susceptibility as does the External magnetic field.





What remain are the characteristics of the field contribution from outside the IVE. This has to be further added to the above resultant as depicted in the left side. This can be referred to as the Inner Cavity Field. I.C.F. To be certain on these characteristics, a convincing demarcation criterion is necessary to carve out the IVE for quantitative purposes. Refer to advantages from SSNMR as in SHEET-10.





I.V.E





CONTRIBUTION from out side IVE (bulk) to the central point at IVE





Cavity field is contributions from the bulk only. The bulk is made up of the primary moments in the illustration above. Why the resultant (of primary moment + IVE field) cannot be considered for the effect of the bulk contribution as depicted below?





If this ICF is calculated using the resultant of primary moment and the IVE contribution, then, the ICF would be different for different locations within the specimen. Hence calculating at any one of the sites cannot be taken as typical, and same for all the other sites. (1) then, if the other sites all including the ICF also for such a calculation the result would be different.


(2)At any location the ICF would depend upon where (with respect to the shape of the specimen) it is located referring to the outer boundary of the specimen.





Fig.(i) At each site primary induced moment due to external field 





Fig. (ii): IVE field (primary moment +from the neighbors within IVE)





Fig. (iii)


Cavity Field





When the discrete summation was tried out, the Convergence Occurred. This observation, so clearly, could be ascertained by the requirements in HR PMR in Solids and which paved the way for further insightful studies as discussed in the publication cited above as also in the abstract of euromar2008.





While pursuing the efforts to calculate the induced field contributions from the dipoles located within the Lorentz sphere, the following question had to be answered. How far from the proton site should the dipoles be


considered; to be convinced that the induced field contributions from “Lorentz sphere” have been taken into account completely; and, none of the dipoles, which can be considered as part of the continuum, have to be included in the discrete summation? A natural consequence of trying to calculate the contribution from within a sphere was that at an appropriate radius from the specified site, the summed up contributions reaches a limiting value, and increasing the radius beyond that value does not contribute to the sum significantly. Thus, there was a clear delineation possible for the Lorentz Sphere to be demarcated from the remaining bulk. This makes the Lorentz sphere a precisely defined sphere with a surface boundary line unlike the way it is to be left undefined as to the numerical values for the construction of a Lorentz sphere.








Till now, there have not been any compelling necessity to know the actual magnitudes of the contributions from within this sphere and, how exactly to demarcate this spherical part of the material by a concrete boundary, within the bulk material of the specimen. Not much emphasis could be given in the discussions on the significance of the Lorentz sphere, except that, it be defined as a semi-micro volume element. This situation seems to have been brought to prominence by the discussions requiring interpretation of the experimental results by the technique of Solid State High Resolution Proton Magnetic Resonance (HR PMR) in single crystals of organic molecules.





With the revelations from the results of HR PMR in Solids, with the consequence pursuance of the queries that arise, it is tangible outcome that appropriate situations in NMR can be revealing further insights into the nature of Induced field distribution as never before. In particular with the presentations on summation procedures for bulk susceptibility contributions, interpretations become more convincing.





The induced field contributions at a site which is termed as Local Field can be estimated with much better certainty by calculating the various break-up contributions and adding them to a sum total. A clear demarcation of the IVE is possible with a quantitative criterion.





The Contexts of a variety of shapes for IVE and a variety of combinations of macroscopic specimen shapes and the IVE shapes in the same specimen becomes possible. Such kind of considerations lead to reassuring estimates for the extent to which, the primary dipole moment values are significant in comparison with the secondary field contributions. 





The equation for induced field on the basis of a dipolar model would then be


              σ = -2.855 x 10-7 x [(4/3) π r3] χv x (1- 3 cos2 θ) / R3   


From the above equation it is obvious that along this radial vector with the specified polar angle if spherical volume elements of the material are placed such that they all have the ‘radius- r’ to ‘distance-R’ ratio the same, then every one of such sphere would contribute the same induced field at the specified point.





r is the radius of the spherical magnetized material specifically demarcated.


(4/3) π r3 will be the spherical volume of the material at a distance R contributing at the


point of origin in the illustration on the left








Polar Angle θ





Commensurate with the Susceptibility the magnetic moment M would be in accordance with the equation M = χv x H





Susceptibility is ISOTROPIC





   Z-Axis; the Direction of Magnetic Field: H





In these calculations VOLUME Susceptibiltiy is used. That is specified as χ cm3 


A typical value for Organic molecules (Diamagnetic) can be a convenient value and -2.855 x 10 -7 units can be typical per cc. of the material





          R


Is the distance of the magnetic moment from the point (where the induced field value is to be known).


The distance is along the radial Vector specified by its Polar angle





This circular base of the cone with apex angle equal to the polar angle θ,


has radius equal to ‘R sin θ’: See Textbox below





Using above equation ‘n’ along the vector length is calculated, for the direction with polar angle θ.


Which is ‘ σ’ per spherical magnetic moment x number of such spheres ‘n’.


σθ =σ x n. At the tip of the vector, there is circle along which magnetic moment have to be calculated. This circle has radius equal to ‘R sinθ’. The number of dipoles along the length of the circumaference = 2 π R sinθ/2.r = π R/ r sinθ. Again R/ r is a constant by earlier criteria.





Equation for calculating the number of spheres, the dipole moments, along the radial vector is as given below:





Z-Axis; The Direction of magnetic field





Line defined by Polar angle θ / direction of radial vector





�





A Rotation by 360° results in a cone in conformity with the filling above and the cone is filled with the spheres closely packed. This is cone is a section of the full sphere and the sphere can be well envisaged with the closely filled spheres. The specimen then is left with the voids due to the regions not filled by the spheres. Hence the material, in the actual specimen, corresponding to the amount filling the void must be taken into account; and, also its contribution to induced field at the point.





Quantitative ILLUSTRATION of Close packing with the constraint ri /Ri = Constant





With “C= Ri / ri  ,  i=1,n”


For a sphere of radius =0.25 units, and the polar angle changes at intervals of 2 .5˚


There will be 144 intervals. Circumference= 2π/4 so that the diameter of each sphere on the circumference = 0.0109028; radius = 0.0054514


             C = R/r = 0.25 / 0.0054514 =    45.859779      [46.859779/44.859779] = 1.04458334


Log (1.0445834) = 0.0189431   (r/R) 3=1.0368218e-5 =0.000010368218











� EMBED Equation.3  ���





Rn





R1





Polar


angle





Radial Vector defined by a polar angle θ w.r.to Z





Rn





R1








          Download poster sheets from   http://nehuacin.tripod.com/id5.html 

_1276235398.ppt


NMR Line for only

Intra molecular Shielding σ=‘σM’
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