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In presence of an external magnetic field, the magnetic susceptibility indicates the extent of 

change in the electron charge-cloud circulations. Changes in electron circulations result in 

changes in induced fields in the molecule and hence the NMR chemical shifts depend on the 

physical quantity susceptibility. In view of a more convenient method for calculating 

demagnetization factors, experimental determination of susceptibilities and chemical shifts 

together with the quantum chemical methods seem to provide a refreshing way to 

comprehend the electronic structure of molecules. 
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In presence of an external magnetic field, magnetic susceptibility indicates the possible extent of 
change in the electron charge-cloud circulations. Changes in electron circulations result in changes 
in induced fields in the molecule and hence the NMR chemical shifts depend on the physical 
quantity susceptibility. In view of a more convenient method for calculating demagnetization 
factors, experimental determination of susceptibilities and chemical shifts together with the 
quantum chemical methods seem to provide a refreshing way to comprehend the electronic 
structure of molecules. 
Thus, experimental measurements lead to improve calculations for comparable values; and 

theoretical trends lead to look for novel variations in structures to study experimentally.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1 
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Calculating with the magnetic dipole model is a parallel independent way to relate experimentally 

measured quantity to the theoretically calculated values. The perspective to be gained yet is the 

actualities of the method placed in the middle of the parallel network in Fig.1 and in particular, the 

consequence this method would have on the overall appreciation of the Shielding mechanisms. 

Relating the experimentally (HR PMR  in Solid State) determined Shielding Tensor values to the  

values obtained from ab initio QM methods it would be possible  to infer about the molecular 

electronic structures. The magnetic dipole model could be successfully employed in connection with 

the HR PMR studies and further, calculations of demagnetization factors by a convenient summation 

method proved that the dipole model would be more versatile for several contexts than what could 

have been envisaged earlier. 

The feasibility of calculating intra molecular shielding was encouraging as reported in the ISMAR-

CA’98 conference, and the possibilities and prerequisites have been elucidated in the report at the 

101st ISC 2014. 

Important finding from the recent report as above is that the magnetic dipole model based 

convenient summation procedure can be applicable at such small electron charge-cloud region 

within a molecule as the C-H bond. 

This study revealed that the assumption of a uniform susceptibility tensor for the entire region 

(though for a region of only a bond distance of 1.2 Aº) might not be satisfactory.  This result would 

have an implication on the actual amount of charge on hydrogen for that bonding, and such details 

could enable a reflection on the use of Chemical shifts (experimental) in comparison to the Absolute 

shielding values. Implications here are for the way of referencing which is necessary, to set 

arbitrarily a ‘0’ value assignment to the reference line. 

To apply the magnetic dipole model, it is required to fragment the molecule under consideration 

with the possibility of assigning a magnetic susceptibility tensor to each fragment. These values 

assigned to the fragments of the molecule, when appropriately summed, should result in the total 

molecular susceptibility value. 

Even when such a task is accomplished, theoretical justification for this possibility may not be 

conclusive enough. 

Calculating intra molecular shielding of protons could be a factor that reinforces and justifies the 

fragmentation procedure, since calculating by the magnetic dipole model is more or less a classical 

approach ( and hence less ambiguous) than a QM methods which depend on the formalisms and 

algorithms.. 

As above the procedure can reinforce and justify the fragmenting, yet, in which way this would 

reveal the requirements for improving the QM formalisms remains to be ascertained. 

W.H.Flygare (1), for a series of  non strained, non aromatic molecules made an empirical fit of the 

Molecular Susceptibility values to obtain set of bond susceptibility values. When all these set of 

molecules, have the similar bond, empirical fit of the fragments (bond level fragmentation) for a 

consistent set of susceptibility tensor value for a specific bond type of possible. Thus, including all 
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types of bonds and making a fit resulted in a susceptibility tensor value of that bond type. Thus using 

these bond type values and gathering all the tensors corresponding to making up a specific 

molecule, the total molecular susceptibility tensor could be obtained. 

Similarly, independently atom wise break ups was possible, resulting in a consistent type. However, 

from the atom type values the effort to get bond type Tensor values was not successful, even though 

independently atom susceptibility and bond susceptibility can result in the same total molecular 

susceptibility value.  As illustrated in the example of Acetaldehyde in Fig.2  & Table-1, the molecular 

value compares well with experimental value and the calculated from Atom susceptibility set and 

bond susceptibility set (from results of W.H.Flygare) . 

 

 

 

 

 

 

 

 

 

  

As per the report in this work, the results of calculating  intra molecular proton shielding 

tensor/chemical shift in benzene molecule brings a point of view to consider further. 

Would it be a consistent procedure, if after calculating the induced field values at proton in benzene 

molecule, to refer to the absolute shielding values (theoretical) of the reference molecule for 

obtaining chemical shift values to compare with experimentally measured chemical shifts?   

The effort to calculate intra molecular shielding tensor required a fragmenting of the Benzene 

Molecular Susceptibility values corresponding to appropriate molecular fragments. While arriving at 

a set of molecular fragments and assigning susceptibility tensors to these fragments, consideration 

was given to the empirical values (of Flygare, which are mainly for non-strained non-aromatic 

molecules) and several discussions based on theory and experiment of the very early publications. 

The actual set of molecular fragmented susceptibility tensor values and the corresponding summed 

up total molecular susceptibility tensor values appear in Fig 3. 

 

 

Molecule 
Exptl 

molecular 
Susceptibility 

Calcd   from 
Atom         Bond 

Acetaldehyde 

   aa         -20.0 -21.3 -20.6 

bb        -19.5 -19.1 -18.0 

cc          -28.6 -29.2 -28.0 

Fig.2 

Table-1 
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C-H bond distance=1.087 A⁰ 
C-C bond length= 1.4A⁰ 
Angle C-C-C =120⁰ 
Angle C-C-H= 120⁰ 

 

 

-52.26 x 10-6 

           --24.06 x 10-6 
                      -93.66 x 10-6  

  
Sum of the values for Benzene 

The x, y axis is symmetric                           
about 6 fold axis. Thus the average            

(X +Y)/2.0 = -38.6 which is close to the 

experimental values.  

 

 

 

-38.6 x 10-6 

           --38.6 x 10-6 
                      -93.66 x 10-6 

It is noteworthy to point out that when the magnetic dipole model is used to 

calculate the shielding tensor values calculated by use of the magnetic dipole 

model results in non-axially symmetric values even for an axially symmetric 

environment. This mathematical consequence is taken into account by taking 

the corresponding averages to reflect the symmetry in the calculated tensor 

values which is compared with experimental values. Secondly, all these 

values are added up as local diagonal elements and not transformed into a 

common molecular coordinate axis. If such a transformation is effected, all 

these would conform to the molecular symmetry and the transformed 

susceptibility tensors, in the common frame of reference added together 

would reflect symmetry and the magnitudes as well. With these values with 

appropriate transformation, the experimental symmetry & tensor element 

values reproduce nearly the experimental values. 
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Fig. 3 
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FIG 4  (a) Structure of typical organic molecule  (b) Indicating and demarcating the 

Charge clouds on atoms and bonded regions and the extent of charge 

delocalization (c) The local charge circulations possible within a demarcated region 

as a appropriate fragment, and the contribution (calculable from equation-3) to 

shielding at one of the protons. 

b 

The illustration below explains the reason for such a fragmentation of the chemical molecule. That 

is, the electron charge cloud in the fragment, the circulation with specific reference to the possible 

changes in circulation indicated by the susceptibility tensor of the fragment, the magnetic field 

induced magnetic dipole moment due to the susceptibility, and the secondary field induced at the 

proton due to the moments at various fragments. 

 

 

 

 

 

 

 

 

 

 

 

For the Calculation of the induced fields the classical magnetic dipole model is applied, the 

corresponding equations appear below. 

 

Fig.5 

4 
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As in the figure below, calculation of the induced field at the C-H proton, due to the C-H bond 

susceptibility, can raise the issue of validity of point dipole approximation; this approximation is   is 

inherent in the classical model. However, by fragmenting the susceptibility tensor, it is possible to 

circumvent this difficulty. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 

FIG.1. Region of charge cloud, the current circulation and the location of nucleus 

where the induced field is to be calculated 

 ------ Equation-2 

 

FIG. 6 

 

 

---- Equation-3 

R 
r 

r = radius of charge circulation 

R = distance of Nucleus from Dipole moment 

 

= > 0.2 
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The detailed mathematical procedure for carrying out the calculation with equations 2 and 3 has 

been reported in the full paper of ISC2014, Jammu. A summary of the results of full calculation as 

reported in ISC2014 is presented below. More detailed results and discussions due on them are 

contained in the ISC2014 report.  

 

The main consolation was that with all the detailed transformations and artificially (sometimes only 

by empirical procedures to justify) fragmenting the continuous charge cloud spread over the entire 

molecule, the numerical results did not turn out to be too much far away from the experimentally 

reported values. To gain confidence that these kinds of approaches can be generally applicable, it is 

necessary to consider the situation at the Carbon atom, and Hydrogen atom, for that C-H bond. 

When the C-H bond susceptibility tensor is fragmented the way as represented in the Fig.7, the 

susceptibility tensor is assumed homogeneous over the entire region of the bond. This could imply 

that the charge distribution in the C-H bond region is homogeneous. 

Compare the two figures Fig 9a & Fig 9b, illustrating what we mean by homogeneous charge cloud 

distribution and the actuality of bonding between Carbon and Hydrogen. If the charge cloud 

distribution and consequent susceptibility is not homogeneous, only as a starting effort an 

assumption of such type enables to know the possibility of improving the point dipole 

approximation. If one evolves a procedure to subdivide taking fully into account the inhomogeneous 

distribution, then would this improve the result for better comparability with experimental value? 

Fig. 8 
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 Homogeneous charge cloud distribution can result 

in a Susceptibility is a homogeneous in the region. 

H C 

Even to raise this question now, it was necessary to make such a calculation as had been reported 

until recently in the ISC2014. What considerations can be at the disposal of chemists to improve the 

situation? 

This brings the title of this article pointedly to focus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thus at this stage, breaking up the susceptibility tensor to the extent of a single bond region could 
yield values which seem encouraging to state confidently. The applicability of this procedure for the 
other molecules, and claim confidently this is also a reliable method to calculate shielding tensor, it 
is necessary to put at rest these details of electron density distribution and the extent to which the 
Susceptibility break up truly reflects the details of charge density distributions. After the break up for 
assigning susceptibility to a region, instead of further fragmenting the tensor, a continuous profile 
for the variation of the charge density may be worked out from the charge density surface maps. 
This profile function can be applied to the Tensor (by appropriate multiplication). Then the resulting 
variation of the Tensor in the region is taken into consideration while the smaller volume elements 
are assigned a susceptibility tensor value. Such an elaborate procedure would give more insight as to 
the required for the choice of the Quantum mechanical theoretical formalisms and enable 
rationalizing the scaling factors required after calculation to compare with experimental values. 

This seems the outlook for the future from this stage of the calculation of the intra molecular 
shielding tensor with classical magnetic dipole model. 

Fig. 9a 

Fig. 9b 



Page 10 of 10                                                      Full Paper-ISC102 

                                                                         Registration No ISC/10 

 

 

 

References:- 

(1) W.H.Flygare, Chemical Reviews, 1974, Vol.74, Page 682, second column; A reference to Flygare’s 
remarks appear in the home page of this author’s website :   http://saravamudhan.tripod.com/  

(2) http://www.ugc-inno-nehu.com/isc2014.pdf  

 

Suggested Reading:     http://www.ugc-inno-nehu.com/isc102/isc102.ppt  

 

http://saravamudhan.tripod.com/
http://www.ugc-inno-nehu.com/isc2014.pdf
http://www.ugc-inno-nehu.com/isc102/isc102.ppt

