














Preface 
 
The subject matter “MOLECULES TO MATERIALS AND TO 
MOLECULAR FRAGMENTS” has its inception dating back to 
year 1979 at the instance of the Research Paper:  
 
“Pyromellitic Acid…….Proton Shielding”, S.Aravamudhan, 
U.Haeberlen, H.Irngartinger and C.Krieger, Molecular Physics, 
38, 241 (1979)” 
 
As per the discussions in this paper, the situation was a question 
of accounting for the deviations of principal directions of the 
Proton shielding tensor from molecular symmetry requirements. It 
was also possible to appropriately account for such deviations in 
experimental findings by calculating intermolecular contributions 
to shielding tensor, in a crustal lattice. 

Since that time the topic envisaged as the title of this book could 
take shape in steps from several incremental results; each step 
only a little progress over the previous stage; the necessity for 
such incremental study was due to the fact that it is only from 
such an incremental result at a stage, it became evident as to 



which aspect has to be looked into for the next stage. This 
evolution from results on a physical quantity of a unit molecule in 
a crystal lattice, to the role of bulk susceptibility contribution to 
the proton shielding in the molecule is the trend described in this 
volume. In the initial pages the chronological evolution of this 
study and the trends of the results is indicated schematically for a 
comprehension. 

In the beginning the contribution at an International Conference 
on “Molecules to Materials” is reproduced from the conference 
proceedings. Then, the cases that became evident from the above 
cited paper and which are unconventional to consider in text 
books of solid state physics spilling over to classical 
electrodynamics are pointed out as in this author’s publication in 
Indian Journal of Physics, published (year 2005) as special issue 
on the occasion of the symposium on Condensed Matter Physics.  

This aspect of Molecules to Materials was covered in the several 
contributions to the series of International Conference Alpine 
Conference on SSNMR (Solid State NMR) held at Chamonix 
Mont Blanc, France and the EUROMAR (the European 
Conference on NMR for the Future). And, the poster presentation 
contents at these conferences have been entirely reproduced in 
this Volume-I of the book with this title. The aspect of “Materials 
to Molecular Fragments” evolved by incremental results which 
have been presented in the Annual Indian Science Congress 
Sessions from the year 2014, the most recent being in the year 
2017. The full paper submitted for consideration which contained 
the materials actually presented at the oral presentations would be 
included in the Volume – II of this title. 

The present Volume-I is the third publication of this author by 
Scholars Press. The first book was on “NMR as a tool for 
Structure Determination”. The second book that followed was a 
compilation with title “Conference Presentations of 
S.Aravamudhan: A Monograph of Papers Presented”. This



compilation was essentially to emphasize the importance of 
POINT DIPOLE APPROXIMATION and the possibility to 
improvement on the validity criterion of this approximation. 
 
In almost all contexts for the contents of these books it has been 
this author’s methodology to document the findings at each stage 
in the internet, which enabled a convenient retrieval at this 
juncture when this author found the materials at this stage are 
good enough to be published in printed form. Occasionally the 
materials presented in the symposia and conferences could get the 
attention of peer reviewed journals and the concerned editors have 
referred to specific contribution in the conferences and invited 
these materials to be published in their journals. 
 
For the context of Internet publication, the actual URL containing 
the relevant contribution has been well cited in the references in 
these books. The webhosting services went through certain 
updates of the webhosting features which could have rendered 
some of the cited URLs un- displayable. And, most of the time an 
alternate posting in a different web domain was possible which 
are available as internet resources for retrieval. 
 
During the course of the two previous Projects, the publication 
procedure and the processing times at Scholars Press had been 
convenient and timely assistance could be available whenever 
required which made this compilation also to be processed 
through Scholars Press for Publication. 
 
I hope the materials contained in this book eventually get the due 
attention for the importance of the methodology and the results, 
benefitting the scientific community. 

Dated:            Prof. S. Aravamudhan                     
Sunday, 12 March 2017                                          Department of Chemistry 
                                                                         North Eastern Hill University 

                                 Shillong  
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A1.Envisaging Protocol of Procedure for Calculations on Materials to be 
Applicable with Experimental Results from HR PMR Studies on Single Crystals 
of Organic Molecules:     pages 124-125 
Excerpts from:  http://saravamudhan.tripod.com/CSIR_ongoing.pdf 

A2.  Ibs-enumeration: The context in Biophysical studies for the bulk 
susceptibility and materials:     pages 126-130 

Pages 84-85 

Pages 86-102 

Pages 103-123 

Pages 124-130 



                                                                             

















































































































































































































































Envisaging a Protocol of Procedure: A Possible Laboratory Experiment:



An outlook for the future trends of this research: Applicability of the calculation procedure for 
fluctuating fields. http://saravamudhan.tripod.com/CSIR_ongoing.pdf   



 
 

http://aravamudhan-s.ucoz.com/symposia_2009_2010.html#IBS2009   
http://aravamudhan-s.ucoz.com/symposia_2009_2010.html#IBS2010  

http://www.ugc-inno-nehu.com/crsi_13nsc_nmrs2011.html#ABAIBS2011  
http://www.ugc-inno-nehu.com/events_2012.html#IBS2012  
http://www.ugc-inno-nehu.com/events-2013.html#IBS2013  

 
The Sheets displayable are those which were put up at the Discussion Meeting on 
Structural Biology and Biophysics held at the University of Madras, Chennai in 

2002 http://geocities.com/amudhan20012000/Confview_link.html  
 

Poster presentations by S.Aravamudhan at the Annual Meetings of IBS at 
UOM Chennai in 2002 and at IIT Roorkee in 2003 

ABSTRACT of NSCMB2004 the "ibs2004" event in Jan. 2004 at NIMHANS, 
Bangalore 

AROMATIC RING CURRENT EFFECTS IN (Macro-) BIOMOLECULES 
Prevailing Forms of Equations and the Proposed Use of Tensor Form for the Shielding 
of Nuclei 
SHEET-12:  The essential differences and distinctions in the variety of rigid rotations; 
partial indications of  the requirement of a consideration of the instantaneous tensor 
elements during the molecular fluctuations to account for the relevant relative motions 
within the System. 

 SHEET-16:  A flow chart of a computer program; indications of stages where the 
modifications can be introduced to adapt the full-tensor calculation procedures. 

 
http://aravamudhan-s.ucoz.com/inboxnehu_sa/conference_events_2005.html#Event_III  

Abstract for IBS2005 the event at PUNE Jan. 2005 
Shielding by Ring Current Effect Contributions 

Isotropic Shielding Values by the Traditional Equations and from the Full Tensor 
Calculations 

http://aravamudhan-s.ucoz.com/inboxnehu_sa/conference_events_2005.html#Event_II 
ICMRBS-2005 

 
Intrduction  

DISENTANGLING THE BULK SUSCEPTIBILITY MEDIUM-EFFECTS FROM THE MOLECULAR 

LOCAL CHEMICAL SHIFT CHANGES IN HETEROGENEOUS BIOLOGICAL SYSTEMS: 
INTRODUCTION: 

Most often when NMR Chemical shifts are measured experimentally, the bulk susceptibility 
effects do not play dominating role in determining the induced field values at the specified nuclear sites. 
But, there are instances when the contribution to the induced fields at the Proton (Nuclear site) can be 
large compared to the specific molecular contributions, which is the factor that causes chemical shift 
differences. Due to the bulk Susceptibility or due to the molecular susceptibility or, more particularly, due 
to the Group, Bond or Atom susceptibilities within the molecules, the contribution to the induced field is 
basically attributable to corresponding changes in the appropriate electron charge circulation. Hence it 
becomes necessary to know the various electronic structural changes and the differences in their 
dependences on variations in the experimental conditions. But these information cannot be taken for 



granted as already known because in the Biological Systems the study of the variations in Chemical 
Shifts is intended precisely for the purposes of deriving these information.  

Hence efforts are made to obtain standardized information correlating the various experimental 
conditions and for each type of susceptibility, what are the trends for the induced field contributions and 
their variations. The intra molecular situations are reasonably well characterized and documented but if 
the bulk susceptibility contributions dominate, the molecular differences, being much smaller in 
magnitude, may not be observable with any significance. But, The mechanism for the induced field 
contributions in the context of NMR is so basic for the utility of NMR technique, it is still possible to 
keep on trying to disentangle the bulk susceptibility contributions from chemical shift differences making 
the NMR technique and its application to Biological Systems as Frontier efforts to make progress on the 
information retrieval from the biological processes.  

To really appreciate that progress can be made, it becomes necessary, time and again to 
recapitulate what is already studied and known, because retaining the comprehension while trying to 
spring out from the edge of broad platform of the vast documented information. 

Recently certain progress[1] could be made on the Demagnetization factor Calculations by 
evolving a simple summation procedure for calculating the induced field contributions within the 
magnetized materials. This is a question of making available a simple mathematical procedure for a 
context wherein the arguments for macroscopic averaging and microscopic averaging within the 
magnetic materials  compound each other while trying to know the actual field at a point within the 
sample, which acquires a magnetization due to the presence of an external magnetic field. 

[1] Contribution by S.Aravamudhan at 3rd Alpine Conference on SSNMR, New Concept and
Applications http://geocities.com/amudhan_nehu/graphpresent.html  and at the 17th EENC and 32nd 
Ampere http://geocities.com/saravamudhan1944/eenc_ampere_lille.html 



Specimens with Regional Spots of differing Susceptibility values  
It should be possible for calculating the induced field contributions within a sample with Spots with 
varying susceptibility values even if the shape is regular ellipsoidal or which can be approximated 
to ellipsoid
Illustartion to depict  such a specimen 

All the different colors represent different    
                                                                                   susceptibility regions within the sample  
 
 
 
 
 
 
 
 
 
 
Whenthere is such one region below
 
 
 
 
 
 
 
 
 

 
 



SHEET_13: Specimen with regional Spots of doddering bulk susceptibility values     
It should be possible for calculating the induced field contributions within a sample with 
Spots with varying susceptibility values even if the shape is regular ellipsoidal or which 
can be approximated to ellipsoid. 
SHEET_14: Calculating the Induced field at a point outside the magnetized Sphere  
SHEET_15: Possibilities for calculating Induced Fields for specimen with shapes other 
than Ellipsoids of revolution  
SHEET_16: (Summary) Several contexts have been reported in the literature for the 
necessities of studies by NMR techniques of the Biological Systems and the 
concomitant difficulties encountered because of the Bulk Susceptibility effects. All 
these indicate that a simpler procedure is required for calculating the induced fields due 
to bulk susceptibility of the medium than the hither to known mathematical procedure 
for the calculation of Demagnetization factors of ellipsoidal-shape magnetized 
specimen.
In this presentation an effort has been made to list out and point out the various 
advantageous features and the simple method of the calculation of induced field 
contributions due to bulk susceptibility 

http://aravamudhan-s.ucoz.com/inboxnehu_sa/conference_events_2006.html#EVENT-I 
     in IBS2006 

The emphasis in IBS2006 had been to show the Variations of typically proton 
dispositions in the neighborhood of aromatic ring and the related calculation of 
Chemical shifts/Shielding Tensor for the different dispositions of proton relative to ring 
using the full tensor form of the equation. In addition, when there is relative rotations 
the Full tensor form have been calculated an effort is made to get simple averages of 
tensor elements corresponding to the varying orientations. Comparison of such averaged 
full tensor and the isotropic trace there from indicated how the two differ in reflecting 
the trends of variations. 

http://aravamudhan-s.ucoz.com/Posters_nsc9_nmrs2007_ibs2007.html#IBS2007 
      in IBS2007 

The emphasis in IBS2007 has been to find the variety of weight functions for the 
variation of molecular axis with respect to the external field direction and the 
dependence of the average property 

http://www.ugc-inno-nehu.com/events_2012.html#IBS2012 
IBS2012 

  NMR Structure of Biological Macromolecules:     
Quantum Chemical Considerations on the Contributing Structures; for the 
Possibility of “Averaged Single-Molecule NMR Spectrum” 
Theoretically is it possible to arrive at an effective structure for the parameters of the 
experimental NMR spectrum and then, is it the most stable conformer that may be 
isolated and for crystal structure determination? It is this aspect, which is elaborated in 
this presentation as envisaged in the Abstract content.Thus for the sake of an effort with 
a simple model molecule a dipeptide was chosen, the choice of which was based on 
convenience for calculation of chemical shift and simple to handle and visualize in 
terms of the phi psi angles



Summary for the future trends: 
From the results of the studies reported till now (as above) it does not seem 
possible to find a single-molecular structure corresponding to the experimental 
spectrum (NMR), if the spectrum is obtained from a set of inter converting 
structures equilibrating at much faster rates as compared to the NMR time scales. 
Hence, the experimental spectrum will have to be obtained by the averaging of 
NMR parameters corresponding to the individual contributing structures. At this 
juncture it would be relevant to find out, whether it would be necessary to know 
the full shielding Tensor (all the elements and the principal axes) or would it be 
enough to average the isotropic values only corresponding to the variation 
(deviations from the minimum energy configuration) in (geometry) electronic 
structure. This would depend upon whether (case i) the local (regional) 
fluctuations in the macromolecule are much faster than the corresponding 
frequency differences (of the parameters) and that the equilibrating rate is slower 
or (case ii), that the equilibration among macromolecules is much faster than the 
parameter variations due to local fluctuations.  Such details could be valuable in 
reducing the inaccuracies while comparing the experimental values with 
theoretical models that would reveal the actualities better. 
In this context, the bulk susceptibility effects should also be calculated by the 
magnetic dipole model, as envisaged in the presentation at ICMRBS2005. Further 
consequences are, the intra-cell (NMR) signal situations for nuclei as compared to 
the signals from same nuclear species present exterior to the cell, and similarity 
with contrast agents enhancing the information content available from MRI scans. 
 

It is necessary to find the actual contexts of studies where 
these approaches can be applied. By modelling and 
hypothetical contexts the calculation procedures have been 
reasonably well illustrated. 












