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PREFACE

The Part-A of the contents of this book was originally drafted as an invite article to 
be published in a Journal of Physics Education. Due to certain reasons this article 
could not be published after submission even though the article was found good 
when submitted. Recently when the Acquisition Editor of Scholars Press enquired 
with me about my contributions available in NEHU archives and expressed 
willingness to receive them for publication in Scholars Press series, it was a 
pleasant occasion to begin with this article on "NMR as a Tool for Structure 
Determination". Since NMR is a well known technique for researchers in 
chemistry and there are several books on NMR from various perspectives, the 
initiative to write on this subject is to enable the several of the well documented 
internet resources on this subject to be available as references in a guide book. 
Thus the emphasis is self-learning and distance education as the preferable method 
than being totally dependent on contact classes and formal teaching of the subject. 
It is a generally formed impression that more and more informal methods within 
the frame work of formalized institutions would enable the required faster rates of 
knowledge acquisition ensuring quality education as the outcome. Contents of this 
book are meant for beginners in NMR. And enough detailed explanations have 
been included on those kind of thumb rules which can, without requiring “learning 
the basics", enable the use of the technique reasonably effectively. Such an 
apparent progress does not have a necessity for enquiring about individual's 
improvement on the ability to get to the basics and strengthen the foundations for 
better insights to be original in their research methods. In this book basics and 
elementary aspects have been dealt with at length, mainly to impress upon the 
necessity to get better insight into the intricacies more than what can be discussed 
in the books. A multi-disciplenary elearning would be the outcome. An individual 
would be better enabled to grasp the advances from the insights gained at the early 
stages while reaching out for an advanced technique.

The references include standard reference books on NMR and also equally 
important lecture notes of several instructors who have generously made it 
available as free internet resources which the readers would find as valuable 
convenient documentation on the subject matter. Visualization of motion of objects 



and progress of events as animation features would require a computer with 
internet connection as a companion all through in the learning process. At the end 
of the list of references I have included a URL which is a MS WORD document of 
the list of references in this book and while using this guidebook if this document 
is also in a computer, clicking on the hot links included in the references would 
display the reference material from the internet. As much as possible from the 
current provisions I have ensured that the materials can be available durably. 
Suggestions for improvements would be of immense help.

Prof. S. Aravamudhan
August 1, 2016 Deptt of Chemistry

North Eastern Hill University
SHILLONG 793022
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NMR as a Tool for Structure Determination

S. ARAVAMUDHAN 

Department of Chemistry, North Eastern Hill University, Shillong 793002 Meghalaya

ABSTRACT 

Nuclear Magnetic Resonance [NMR] is a phenomenon, which occurs 
because of the intrinsic magnetic moments of the nuclei. These nuclei naturally occur 
in materials and molecules. These systems containing such nuclei, when placed in 
an externally applied magnetic field, can exhibit resonance absorption of energy from 
the electromagnetic radiation of appropriate frequency.  For such a resonance 
phenomenon, the strength of the externally applied magnetic field and the frequency 
of the incident electromagnetic radiation are related through the constants 
characteristic of the particular nuclear species in terms of certain universal constants. 
This resonance phenomenon provides a potential spectroscopic tool for the 
determination of structural parameters in detail. The details, which this NMR 
spectroscopic tool can reveal, depends on the extent to which the advanced 
instrumentation techniques are availed in the detection of resonance signal, in the 
acquisition of spectra and in further processing the spectral data. The greater the 
incorporation of such technical advances, the more seems to be the benefits in 
utilizing this tool for structural determination. In turn, the better the instrumental 
provisions, the more seems to be possibility of designing new NMR techniques with 
the better insights in the theoretical understanding of the NMR phenomenon. This 
seem to provide a perennial cycle that the improved understanding puts demand on 
the instrumentation to be improved, and technology ensuring the necessary 
instrumental criteria provides even better insights into the NMR phenomenon 
resulting in new experimental schemes for availing the Nuclear Magnetic Resonance
spectral features. The NMR technique being a tool for structural studies would be 
dealt with in this article. The essential criteria would be enlisted with illustrative 
applications and the specialty of this technique for structural study would be
emphasized. However, it is not intended to provide exhaustive enumeration, as the 
coverage to such an extent cannot be contained within the purview of this only 
article. Thus the Scope of this contribution is to appeal to beginners in Spectroscopic 
Methods who would want to gain more specialized skill in NMR. Thus the entire 
article has been made to be an elementary reading, at the same time and 
appropriate places references have been included as superscript which gives a lead 

way that every succeeding section provides an elementary reading of further details 
on the basis of the contents of the previous section. This style of organizing the 
subject matter should specifically appeal to the experienced researchers and 
specialists in various subjects, but not so well acquainted with the Nuclear Magnetic 
Spectroscopic Technique. At the same time beginners can find this an easy reading, 
and leading references have been included for the beginners to get a thorough 
exposure to the details and practical inputs for handling the advances in the NMR 
theory and experiments.  A few of the figures have been made out to be examples 
for learning the simulation techniques in spectroscopy. The References and 
Suggested reading include important contributions of the some of the early original 
investigators to the most recent updates on the Internet webpages and online service 
facilities in NMR.
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PART-A: SCOPE OF NMR SPECTROSCOPY 

1.  INTRODUCTION 

Nuclear Magnetic Resonance [NMR] has been found to be a possible 

spectroscopic tool for the determination of crystal Structure and molecular 

structure1. The nuclei can resonate at their characteristic frequencies in the 

radio frequency [RF] range of the electro magnetic radiation spectrum when 

placed in a specified magnetic field. This frequency can be set in the NMR 

spectrometer, which is capable of transmitting electro magnetic radiations to 

the nuclear spin system. The sample containing these nuclei can be placed in 

the Magnet of the Spectrometer system with the magnetic field strength set 

to the corresponding value. The choice of a particular nuclear species for 

NMR studies depends upon the specific requirements of the molecular or 

crystal system (which may contain several nuclear species within itself as 

constituents) to be studied.  From this point of view, the nuclei studied are, 

most often, 1H, 13C, 31P and 15N. Spectrometers have become available2 with 

the provision for studying these nuclei by the NMR technique. When it is the 

study of protons [1H] in crystal/molecular system by the NMR technique, it 

is specifically referred to as PMR studies, which stands for Proton Magnetic 

Resonance, provided the context is familiar enough to not confuse with the 

uncommon when the resonance observed is that of 13C nucleus. The Table-1

reproduces the relevant characteristic properties of these nuclei and the 

corresponding Nuclear Magnetic Resonance frequencies, all at the same 

given magnetic field strength at which the Spectrometer Magnet system has 

been set. The prepared sample would be placed inside the sample-coil where 

the sample can be exposed to the RF radiation. This sample-coil assembly is  
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Table-1. Properties of Some Important nuclei. 
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located in the probe of the NMR spectrometer and this entire probe assembly 

would be firmly held fixed within the Magnet bore of the spectrometer 

system. Inside the magnet bore a homogeneous magnetic field of the 

required field strength would be set up for the NMR signal to be detected. 

When the Spectrometer frequency can be varied, from the value for the 

resonance of one nucleus, to the frequency of resonance for observing 

another nucleus then, it is that the NMR probe be electronically tuned for the 

NMR frequency.  This tuning of the probe happens to be the major alteration 

in the settings whenever a different nuclear species [in the same sample or in 

different samples] is to be studied. Thus in a simple NMR experiment, there 

would be RF radiation at only one frequency at any given time for detecting 

a specified nuclear spin species in the sample. If the spectrometer system has 

such a probe installed that, this same probe, at a given time, can be tuned to 

the frequency of any one of the frequencies from the list of the Resonance 

Frequencies of several nuclear species, as required for the variety of Nuclear 

systems [the number of such nuclei can be more than the only four 

mentioned earlier] then, this is the instance of a Multinuclear capability3 of 

the magnetic resonance spectrometer system.  

There are nuclear magnetic resonance techniques, in which observations are 

made by applying RF radiations at more than one frequency simultaneously, 

at the given magnetic field strength. This is the requirement for detecting 

two or more nuclei of the sample at the same time by irradiating at two or 

more nuclear magnetic resonance frequencies4. Thus when radiations at two

frequencies are simultaneously applied, then it is the case of a double 

resonance technique5. When three radiations are present, it can be the triple 

resonance studies. In general, this technique is included under the class of 

multiple resonance techniques. Further, a double resonance technique could 

be homo nuclear double resonance when two proton resonance lines, within 

the PMR spectrum of the same system, are irradiated. It would be a hetero 
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nuclear double resonance technique, if the two simultaneously applied 

frequencies correspond to two different nuclear species of the same sample 

under study.  1H and 13C combination is typical, and it is the most familiarly 

used hetero nuclear double resonance technique. 

The detection technique and the associated requirements of the Electronic & 

Instrumentation have made possible another way to classify the NMR 

experimental techniques. These are the Continuous Wave5a (CW) RF 

experiments and the Pulsed5b RF experiments (Fig.1). The operation of the 

Spectrometers with these two different features can be difficult without 

adequate training. An assiduous practice with sound knowledge of NMR 

phenomena-the principles and the theoretical basis are the prerequisites 

besides familiarity with the spectrometer operating principles, to be versatile 

with the applications of NMR technique for structure determinations. In 

both, the CW and Pulsed, techniques there are corresponding multiple 

resonance techniques in use6a.  

The most recent advances in NMR technique7a, particularly the NMR 

imaging  and its pervasive applications in the clinical practices do have the 

basis from the structure determinations, but the present day advanced 

applications would appear too remote from the grass-root structure 

determination aspects.

The structure determination8 entails the following broad considerations 

about the system (the sample or specimen as it may be referred to) under 

study using the available tools. Out of these tools NMR spectroscopy is a 

tool which is the topic in this article. Most of the time, before bringing the 

sample for the detailed structural considerations of the constituents, the 

sample would have been well characterized for its authenticity, and in 

particular, with respect to its source, purity and the molecular formula of the 

molecular system which is a constituent in the sample. This enables the 

choice as to which of nuclear species contained in the system would be most 
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Figure.1: (a) Block Diagram of a Simple Continuous Wave NMR 

Spectrometer (b) Block Diagram of a Pulsed Fourier Transform NMR 

Spectrometer. 
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suitable for study by NMR technique for the required structural information. 

In the case of structural studies of crystals, this would be mostly to 

supplement  the information known from  X-ray diffraction technique, 

essentially the locations of the nuclei, and hence, the locations of the 

corresponding atoms in the unit cell of a single crystal or the location of 

atoms which are substituting the regular atomic constituents at few places, 

for example, as in the case of doped materials. As it would be evident, it is 

all mainly the geometrical aspects for determining the relative positions of 

the atomic constituents. In other words, it is the seeking after the situational 

inter nuclear and intermolecular distances. These considerations come under 

the realm of solid-state NMR studies where the un-averaged anisotropic 

interactions provide more elaborate structural information.  

When it is the question of molecular structure9, whether it is in the solid 

state, liquid state or gaseous state, the study entails the seeking of 

information on the relative positions of atomic nuclei which  in the bonded 

situation thus making up the molecule. Further inferences could be on 

providing explanations as to why the respective locations are preferred by 

the atoms in the molecule, and, how the characteristic properties of the 

molecule are dependent on such fixed locations that the atoms prefer to hold 

within the molecule. These are typically the concerns of the nature of the 

chemical bonding in molecules and, in turn, the study of molecular 

electronic structure. 

The molecule could be a small molecule (molecular weight typically of the 

order of 10 to 1000) which is a chemical compound taken up as sample for 

the study. On the other hand, it could be a large macromolecule; a polymer7c

or a biologically important molecule7b. In all these cases the task is to 

determine all the necessary details and exhaustively cover all the relevant 

atoms so that there are no ambiguities in the conclusions from the study.  
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With this  broad based outline provided till now on the kind of queries 

addressed to in structure determination, in the following section, the relevant 

elements of the NMR spectroscopic tool required for structural studies would

be enlisted with the description of the salient features of NMR technique 

which can be effective. 

2. ELEMENTS OF NMR SPECTROSCOPY 

The basic equation which governs the occurrence of Nuclear Magnetic

Resonance is given by: either   -----  Eq.1(a);  or     -----    

Eq.1(b)    where, in these equations,  H is the intensity of the externally 

applied magnetic field (the field strength) in units of Gauss; is the 

frequency of electromagnetic radiation (usually in the radio frequency [RF]

region) in units of Hertz [Hz] with 1Hz=1 cycle per second [cps];  is the 

angular velocity in radians per second corresponding to the frequency 

defining the in terms of the frequency by ;  is the nuclear Bohr

Magneton;  g is the nuclear  g factor and  is the gyro magnetic ratio for that 

nucleus. The above equations 1(a) and 1(b) can be derived starting form the 

relation between the magnetic moment of the nucleus and the intrinsic spin 

angular momentum I of that nucleus as given by:    I   ----Eq.2 with 

1)I ( I I   the symbol   I under  the square root is the spin quantum 

number of the nucleus. The magnetic moment can interact with the 

externally applied magnetic field as governed by the equation for the 

Potential Energy P.E. = H -- Eq.3. Therefore, the nucleus tends to get 

aligned along the magnetic field direction. However, there are quantum

restrictions on the allowed values for the component of I (the nuclear angular 

momentum vector) measurable along the specified direction. Hence, the 

component of nuclear magnetic moment correspondingly has certain discrete 

values along the specified direction. These restrictions result in the different 



Page 10 of 123 

discrete energy levels for the nuclear spin system. Depending on the criteria 

of the quantum mechanical selection rule, transitions can be caused between 

a pair of the discrete energy levels when the electromagnetic radiation of the 

right frequency and appropriate polarization is applied to the spin system in 

the magnetic field. For a set of values of H and as given by equation 1(a), 

the electromagnetic radiation must be polarized in the plane perpendicular to 

the magnetic field direction for inducing observable transitions. 

If a small molecule containing protons is chosen for the proton nuclear 

magnetic resonance, the possible features of the PMR spectrum would

depend on the following factors. If this molecule has  number of protons, 

and, if the sample consists of  number of such molecules (all identical), 

then the sample would account for the presence of number of protons. 

That is the system consists of   protons by way of the n protons per 

molecule, for each of the N molecules. If all these protons, every one of 

them, have the same resonance frequency at the applied field H in which that 

sample is placed, then, all the protons will exhibit resonance at the same 

field value for the same applied electromagnetic RF radiation frequency. 

This is because the set of equations 1(a) and 1(b) do not contain any terms or 

factors that would differentiate one proton from any of the other protons in 

the sample. 

The differentiating factor in the NMR studies can arise, because the protons 

present within a given molecule are not all in the same electronic 

surrounding due to the distinctly different nature of chemical bonding, of the 

protons, to the atoms to which they are attached in the molecule. Thus the 

molecular electronic structural variations cause differences in the induced 

magnetic fields at the site of a given nuclei in a molecule. If these variations 

in the magnetic fields at the nuclear sites within the molecule are taken into 

account, and, if the nuclei in the molecule have all distinctly different 

resonance frequencies, then, the molecule can give rise to n number of 
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distinctly different resonance signals corresponding to the number of protons 

present per molecule. The capability of a nuclear magnetic resonance 

spectrometer to detect and display the n distinct resonance signals is referred 

to as the  specification10 for the spectrometer.  If the 

spectrometer cannot detect the differences distinctly, then there can be

overlapping of the resonance lines. This means more lines will tend to merge

and appear as one line. If more than one proton contributes to the signal 

around a frequency then, this may appear as a resonance line with larger 

intensity than the resonance line for a single proton. This would be stated as 

one of the resonance lines being more  than another line in the 

NMR spectrum. The intensity of the detected resonance line (signal) in NMR 

spectroscopy is usually obtained by  procedure. The integrated 

value for each one of the NMR line in the spectrum is the intensity of the 

line and this would be indicative of the number protons contributing at a 

given resonance value in the spectrum. This in turn leads to the 
10 of the spectrometer, by which, it is specified, as to the 

minimum number of spins required in the sample, which can give rise to a 

observable NMR signal in that spectrometer. There are possibilities that the 

protons (nuclei) having different resonance frequencies do not get resolved, 

but result in broad single lines in the spectrum. Or, the molecular electronic 

structure may provide for the same contributions to the induced fields at two 

different proton (nuclear) sites. Such nuclei will then resonate at the same 

frequency.  

Having considered the protons in the same single molecule, the next query 

would be whether there can be any influence of the other molecules in the 

system (inter molecular effects), on the resonance of the protons of a given 

molecule. If the study is in liquid state (usually solutions) or in gaseous state 

most of the time, the concentrations can be maintained at such low levels, 

that any interaction from any neighboring molecules becomes negligible. 
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Thus, this ensures that the entire spin ensemble of the sample can be 

considered as made up of spins located in different molecules, all the 

molecules being identical and every one of the identical molecules being 

completely independent from any of the other molecule in the system. In

solid state, the studies are not usually on any such dilute spin systems and 

there are efforts to understand solid-state NMR studies as an exclusive topic 

of the NMR spectroscopy. It is this solid-state NMR aspect, which are 

pertinent for the study of crystal structures with the NMR techniques.  

A simple illustration is given in Fig.2 (a)-(d), of how the nuclei within the 

molecules can be differentiated by NMR on the basis of the nature of

bonding within the molecules. These are 13C NMR spectra, not from a 

spectrometer, but, Calculated using software, which can calculate the

resonance frequency differences within the molecule for the Carbon nuclei 

and display the spectrum constructed from the calculated values. At this 

introductory stage, adding the following could be a digression. But, here, it 

may be found to be an incentive for the reader who is a beginner. This would 

serve as an incentive because, even without many of the details at this 

moment, these illustrations can easily show, as to how; the recent advances 

have made this NMR tool a potential device for structure determination. The 

actual use would require greater appreciation of the intricacies of the NMR 

technique that would be the discussion in the remaining part of this article. 

What has to be appreciated here is that there are four molecules drawn and 

their corresponding calculated 13C NMR spectra are given. These have been 

calculated using a powerful geometry optimizing Software PROGRAM 

called COSMOS. This program calculates also the chemical shift (which will 

be explained in the later part of this article) parameters which indicates the 

relative line positions in the spectrum. Thus in all the spectra the carbon of 

the methyl group occurs at 23.5 ppm. The CH2 (methylene group) carbon 

nucleus occurs at 35.196 ppm in 2(a) but in 2(d) it occurs at 62.155 ppm.  
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Figure-2. (a)-(d) Simulated 13C Nuclear Magnetic Resonance Spectra with the 
Chemical Shift values Calculated using a PROGRAM (http://www.cosmos-
software.de). This is typically how the NMR spectrum from a Spectrometer would 
look with Broad Band Decoupling at the Protons so that the spin-spin splittings 
due to the heteronuclear 13 C-H spin-spin interactions do not appear in the Carbon 
Spectrum. 
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This large difference is because this carbon in 2(d) is attached to Oxygen 

atom but in 2(a) it is attached to a carbon atom. If a carbon atom is bonded to 

a Oxygen atom as in 2(c) and 2(b) not the same way as in 2(b) then these 

atoms occur at respectively 152.5 and 146.3 which are much larger than the 

62.15 of 2(d) and 35.6 of 2(a). These outputs to obtain from the soft ware 

does not require more than 20 minutes since the molecules can be drawn 

with a Structure Editor and then selecting from the menu for the Geometry 

optimization and running paves the way further similarly to calculate the 

NMR parameter (chemical shift)19a and display also as spectral plot. Thus 

by drawing the molecules for the several variations in the substituted groups 

and atoms, the carbon resonance line shifts can be seen associated with the 

corresponding molecular bonding nature and the electronic structures. The 

interaction with the external magnetic field is the responsible factor for what 

has been described until now. In presence of the magnetic field, when the 

spins have aligned and (are in thermal equilibrium), then, there can be time-

independent interaction among the nuclear spins themselves which can 

cause changes in the energy levels in addition to the Zeeman splitting. This 

spin- 19b effect 

with characteristic coupling constants indicative of the structural aspects in 

the molecule( these features are absent in conventional CMR spectra and 

hence, in Fig.2(a)-(d) as well. The reason for this would be evident from the 

discussions in subsequent sections). The calculated typical PMR (proton

spectrum) of Fig.3 exhibits the above features of spin-spin coupling with 

chemical shift consequences.  

The alignment of the spins with respect to the magnetic field, soon after 

placing the spins in the magnetic field, does not happen instantaneously. In 

the absence of any magnetic fields in the Laboratory, the spins in the system 

(in a diamagnetic sample) are, directionally, in a non-preferential state and 

the magnetic moments of the nuclei do not have any specific orientation.  
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 The spins in such a thermal equilibrium distribution in the absence of 

magnetic field does not have the necessary prerequisite to exhibit absorption 

of energy from electro magnetic radiation. Thus, the magnetic field will have 

to be applied to the spin system wherever it has been placed or the sample 

must be introduced into the region where the magnetic field is already 

present. In any case, the sample containing the ensemble of nuclear spins 
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gets an exposure to the magnetic field at the time when it has not been 

exposed to that magnetic field before. Now, the spin alignment with respect 

to the direction of external magnetic field begins. Then, for it to reach a 

thermal equilibrium in the external magnetic field takes some time, which is 

significant and measurable in most of the NMR samples. Depending upon 

the nature of the sample, this time can be from few milliseconds to several 

hours or even days. This characteristic time of the spin system is referred to 

as the -lattic  relaxation time6b symbolized as T1 relaxation time 

(Fig.4a). At any time when the spin system has to redistribute (from a non-

equilibrium distribution)  its populations  (the number of spins in a 

particular discrete energy level) in the energy levels, then this characteristic 

relaxation time would be encountered in the process of the reaching an 

equilibrium under the different state for the spin systems.  This redistribution 

among the energy levels due to the magnetic field (Zeeman splitting) is 

reached 

surrounding of the nucleus with regard to the presence of other nuclear 

moments. If in a molecule there are other nuclei  closer to the resonating 

nucleus are present (as in the CH3  above there are 3 protons) then the 

resonating nuclei 13 C has a much faster relaxation time than for example in 

the case of a 13  method also can be envisaged 

n-

useful in CMR. An example of such an application in PMR is depicted in 

Fig 4c. -state NMR 

applications15 as well.  

There is another kind of relaxation mechanism called -spin 

 (symbolized as T2) which gets a preferential treatment in NMR 

of solids, but it may not have a direct significance for structure related 

queries in HR NMR in liquids. Hence this T2 would not be considered in  
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Figure-4.  (a) This is an illustration of NMR line as a function of time from the 

non-equilibrium situation of inverted NMR line, the trace at the extreme left. The 

exponential growth is obvious. This again has been calculated (and hence 

simulated for illustration) using MS Excel Application. The same equation as used 

for earlier case with an exponentially varying amplitude factor as multiplier 

(serially stacked for comparison of relative amplitudes). 

this article in much detail. It suffices to mention that this spin-spin relaxation 

with the characteristic time T2, contributes significantly in devising pulsed-

NMR experimental techniques which can critically distinguish ambiguous 

structural situations, and, techniques to overcome the instrumental artifacts 
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which can dominate even while the NMR spectrum, as obtained form the 

spectrometer, contains abundantly overwhelming structural information.  

At this point digressing to Fig 5b could be a useful exercise for students to 

acquaint with spectroscopic data analysis. Fig.5b indicates the use of a MS 

Excel Application for simulating the experimental spectra with a probable 

line shape. The simulated two-line pattern of resonance lines illustrates what 

is a  spectrum and what are the consequences of overlap in 

the limit causing a coalescence of the two lines. A similar coalescence 

phenomenon in NMR occurs when a given nucleus exchanges position 

between two sites in the sample as illustrated in Fig. 5c. The resonance 

frequency might be slightly (but measurably) differing in the two positions 

where the same nuclei would be found alternately. If this difference in

resonance frequency is - -

e then the NMR 

spectrum of such a system would consists of NMR signals from both the 

sites distinctly only if 1/ << e (exchange rate) is varied by 

changing the temperature of the sample, then by an increase of temperature 

the 1/ can be made very large compared to the resonance frequency 

he 

two different sites would coalesce to a single resonance line at an average 

value for the resonance frequency. The broadening that occurs in the NMR 

signals is indicative of the changes in the T2 (transverse) relaxation processes 

mentioned earlier. This has the consequences of finding such features in the 

NMR spectra is to indicate the structural positions where the possible 

  

In Fig.4a [parallel stacked-plots] and Fig.4b [serially stacked plots], 

calculated relaxation ( longitudinal relaxation T1) curves are given 

graphically and these again can be exercises for using the Information 

technology tools to make simple simulations which makes the student be    
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Figure.4:  (b) The above is the illustration of NMR line as a function of time 
from the non-equilibrium situation of inverted NMR line, the trace at extreme left. 
The exponential growth is obvious. This again has been calculated (and hence 
simulated for illustration) using MS Excel Application. The same equation as used 
for earlier case with an exponentially varying amplitude factor as multiplier. (A 
parallel stack plot depiction) 
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familiar with the trends and the equations to describe them. There are 

instances such familiarity particularly the use of the IT tools for such 

calculation can make the structure determination extremely simple. 

3. INTERACTIONS OF NUCLEAR SPINS AND SPECTRAL 

PARAMETERS 

The equation 1(a), as it was pointed out earlier, does not have any terms that 

can differentiate nuclear spins on the basis of their specific location and 

occurrence within a molecule which typically may constitute the spin 

ensemble. The equation can be rewritten by including specifically the terms 

which distinguish the spins on the basis of the nature of the interactions 

characteristic of the given nuclear spin site. These interactions can be 

characterized by  a constant indicating the extent of the specific interaction at 

a specified site. Even if another spin has contributions due to interactions of 

similar nature, the strength of the interaction may be different at different 

nuclear sites, and these differences may consequentially appear in the 

spectrum enabling the structure of the matrix (molecule/lattice) in which the 

nucleus is situated. This is a general form for including such site-specific 

differences in the basic interaction, which is the interaction with the external, 

strong and steady Magnetic Field. Compared to this term ( referring to the 

corresponding energy of interaction) all the site-specific interactions are 

usually small, and in this sense theoretical treatments can specify a 

 approximation for conveniences of obtaining simple equations for 

evaluation. In this section the nature of the various site-specific interactions, 

with the associated constants as the spectral parameter, would be enlisted 

for the benefit that, in the further sections, the examples of applications can 

refer to these spectral parameters for determining structures. 
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Figure.4:  (c) Experimental results from an Inversion recovery Experiment on a 

Proton Sample.  By pulsed methods initial population distributions can be prepared 

in such a way the populations in the energy levels at thermal equilibrium can be 

inverted and hence a NMR signal with negative intensity is obtained. Then this 

signal is allowed to reach thermal equilibrium situation and periodically the 

growth is monitored. The group of peaks at lower field (i.e., to the left) all have 

slightly longer T1 -field group. 
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Figure-5.  (a) An explanation of the mechanism of shielding that is measured as 

Chemical shifts in NMR. 
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The nature of the interaction that leads to shielding of nuclei is explained 

further in Fig.5a. These descriptions account for the shifts, which can be 

observed with respect to the bare nuclei which do not have any electron 

systems surrounding. Since referencing the nuclear system with respect to 

bare nuclei, even though possible, but, is not practicable for the 

conveniences of regular spectral measurements, a chemical molecule which

is relatively inert chemically and has a single-line NMR spectrum is used as 

reference compound and added to all the samples. The single reference 

compound line can be set to zero, or, to a certain specified value. The other 

resonance line positions can be measured relative to the reference line. Such 

values of shifts measured from the standard reference line are termed the 

chemical shift18a values. Hence, an unknown electronic surrounding around 

the nuclei can be ascertained, by measuring these relative shielding values 

which are called chemical shifts, and by the comparison with previously 

measured chemical shifts (as in Table-4) for known electronic surrounding 

for such nuclei. 

As explained earlier, for any particular nucleus, the resonance frequency 

value calculated by the equation 1(a) corresponds to the NMR signal of a 

, which is not surrounded by any electrons. An addition of

electron into its surrounding starts contributing by induced fields at the 

nucleus, which is resonating. Addition of electrons and hence the presence of 

electronic charge cloud induces magnetic fields at the nucleus because of the 

fact that the electrons also gets placed in the External Magnetic field where 

the nucleus is. If we consider only the electron charge cloud without any 

unpaired electron spins, typically diamagnetic systems, then the induced 

fields are in the direction opposite to the direction of external magnetic field. 

Thus the nucleus would now be exposed to Field strength some what less 
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than if the electrons are absent. Since the field values at the nuclear sites are 

reduced by the presence of electrons, the electrons are said to be shielding 

the nuclei from the external field. Thus to the equation 1(a) a term 

corresponding to this shielding is added. The effect of electron is given a 

value as shielding constant and it is subtracted from the strength of the 

externally applied field indicating the shielding nature of this interaction. 

Hence the Equation 1(a) is now written as:  )( /HHgh where H
/
 refers 

to the strength of the induced field in the opposite direction to H. The 

induced field being caused by the External field its magnitude becomes 

proportional to the strength of the external field if the other conditions of the 

sample are  held the same. Hence, it is conventional to write HH /

where is the shielding constant. Then equation 1(a) is rewritten as

)1(Hgh ---Eq.4. The now represents the site-specific shielding 

effects and its value reflects the electronic structural surrounding of the 

nucleus. This  is not always a simple scalar constant, but in general a 

second rank tensor. In solution state NMR Spectra, only the trace of the 

tensor appears in the equation, which is a scalar number. Only when the 

situation demands the full significance of the Shielding Tensor would be 

referred to in this article. Otherwise, the relative shielding constant values 

would be used to illustrate the utility in the NMR structural studies. For 

-Methyl 

TMS) with molecular formula Si (CH3)4 is the standard reference 

compound. Table-2 contains a list of compounds useful as standard 

references in NMR spectroscopy. This molecule has 12 protons and because 

of the symmetrical location in the molecule, all the 12 protons have the same 

resonance frequency [a set of 12 equivalent protons]. Hence, the proton 

NMR spectrum of TMS consists of a single line corresponding to the 
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resonance of the 12 protons because of which it gives a strong single line 

NMR signal even when its concentration is small.   
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Figure-5. (c) e.

Simulation of two- site exchange as a function of e  with an equilibrium 

constant K depending on the probability at the two sites. (a)  and using an equation 

by Mc Connel  (b).
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        Table-2. Commonly Used References in Biological NMR  
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      Table-3.  Chemical Shift assignments in Protein molecules. 
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Table-4. Chemical shift values with reference to benzene protons for 

different substitutions.   
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This compound is chemically relatively inert. It is a volatile liquid at normal 

temperature and pressure. It is easily miscible with most of the organic 

solvents used in NMR spectroscopy namely, Chloroform CH Cl3 , Acetone 

CH3 CO CH3 , Carbon Tetrachloride C Cl4 . Thus referenced NMR spectra 

can be easily obtained, by adding a small amount of TMS to the sample 

solution as an external reference to the actual molecule of interest. The CH3

of the TMS have the most shielding electronic surrounding as compared to 

the electronic surrounding of the protons many of the other known chemical 

molecular compounds. Therefore, this TMS, added as an external reference, 

can yield a reference NMR line that can be reliably located at one end of the 

observed proton NMR spectrum even when an unknown structure of a 

chemical molecule has to be determined. In the chemical shift -scale, 

The protons from other molecules 

with several variety of different electronic environment are found to result in 

NMR signals all on one side of this line and can be assigned a positive 

numerical value proportional to the deviation [chemical shift

line from the TMS. Mostly, no NMR line occurs on the negative side of such 

a spectral chart (Fig.6).  

Such shielding (chemical shift) due to the changes in electronic structure 

around the protons can be measured in frequency units. As known now for 

the case of protons the maximum range for this shift measured in frequency 

units are found to be 1KHz in a 100MHz (Proton) NMR spectrometer, 2KHz 

in 200MHz spectrometer, 3KHz in 300MHz spectrometer and so on. From 

this it should be obvious that the Spectrometer magnetic field would be 

different for these spectrometer systems. In order to express the shielding 

and chemical Shift in a scale which is independent of the Spectrometer 

frequency, the following definition is convenient. Since in each one of the 

above, dividing the range of chemical shift by the spectrometer frequency 

yields a dimensionless number 10 10-6, this range is termed as 10 ppm 
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[Parts per Million] units. It is found that when the chemical shift values are 

has the same spectral chemical shift value assigned irrespective of what the 

spectrometer frequency was [independent of the operating frequency of the 

spectrometer] and at which Magnetic Field Strength the spectrum was 

obtained. This characteristic of the Shielding Effect will be further stressed 

later while emphasizing the importance of seeking Spectrometers, which can 

operate at Higher Magnetic Field Strength; consequently, for a given nuclear 

species, at Higher spectrometer frequencies. 

The next important interaction to be cons spin-spin 

interaction -independent [as the shielding 

interactions] and manifests in a NMR spectrum of a chemical compound. 

Except for the fact that, the externally applied strong field provides a 

direction along which all the spins get quantized, there is no dependence for 

the spin-spin interaction on the presence or the strength of the external 

magnetic field. The strength of this interaction is measured by the spin-spin 

coupling constant from the NMR spectrum. But the spin-spin coupling 

constants are measured, particularly for structure determinations, only from 

the NMR spectra obtained in presence of strong externally applied magnetic 

field. All the spins are aligned along the magnetic field direction and the

corresponding nuclear magnetic moments experience an additional magnetic 

field due to the presence of the neighboring nuclear magnetic moment. This 

spin spin interaction causes a splitting of the energy levels in addition to the 

splitting due to the Zeeman interaction (the interaction of the spin with the 

external magnetic field.
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Depending upon the number of neighboring spins with which a given spin 

interacts, the number of lines into which the NMR line splits can vary. This 

results in multiplet line structures in NMR spectra, with characteristic 

intensity ratio of the lines. The distance of separation observable within the 

multiplet lines yields the spin-spin coupling parameter from the NMR 

spectrum. 

 Mainly, there are two different and characteristic ways by which this spin-

spin interaction can occur in the spin systems. The first type of spin-spin 
18b spin-spin interaction. 

This arises because of the possible extent to which the magnetic dipolar field 

due to one nuclear spin magnetic moment can be affecting the neighboring 

nuclear magnetic moment at a different site. Considering the point-dipoles to 

be representing the nuclear magnetic moments, each pair of nuclear

moments can be related by a point-to-point distance  and the 

corresponding inter nuclear axis can be assigned a definite angle  that it 

-dipole interaction depends on the distance and the 

angle which can be the target parameter to measure from NMR spectra 

for structural measurement. The PMR studies on single crystal of Malonic 

Acid how the direct dipole-dipole interaction between the two methylene 

protons results in the measurement of  the H-H vector direction to be 6±2º 

tilted away from the perpendicular to the c-c-c plane. Also the HR PMR 

measurement on the same sample reveals the anisotropic shielding tensor 

properties. This Wideline (In solids the NMR lines are much broader than it 

is in the case of liquids. Because of this larger widths the NMR lines are 

wider and hence the name Wideline NMR) and High Resolution PMR study 

(HR PMR study in Solids requires specially designed pulse sequences to 

average out the anisotropic line-brodening interactions among the spins) on 
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the single crystal of the Malonic acid proves18d the importance of NMR 

technique for structural measurement. As pointed out in the earlier section, 

this is under the realm of the solid-state NMR studies. 

The other type of spin-spin interaction is the 18c or -

interaction which is characterized by a spin-spin coupling constant  This 

 interaction contrasting with the dipole-

dipole interaction which characteristically requires a well defined distance of 

separation between the two spins  measurably. The through-bond 

interaction is necessarily mediated by the electron clouds in the bonding 

region. This interaction requires that the nuclear magnetic moment should 

affect the electron charge cloud around it, and, this effect in turn is 

transmitted to the neighboring bonded nucleus by way of an induced 

magnetic field change. This type of transmission requires that the electron 

charge cloud has  orbital characteristics, which has a non-vanishing 

charge density value at the site of the nucleus. Hence, the 

-spin 

variation in the electronic structure as much as the chemical shielding (shift). 

But, the dependence of the J and on the given electronic structure is not 

the same even if it is in the same molecular system. Hence, these two 

parameters, together, can span the electronic structures to a greater detail 

advantageously than any one of the parameter alone.  

Ethanol (Ethyl alcohol) has the molecular formula CH3 CH2 OH. The PMR 

spectrum of this compound contains three signals at the positions 

corresponding to the chemical shift of CH3 protons (1.13 ppm), - CH2

protons (3.61ppm) and the OH protons (5.24 ppm). The number of lines 

(signals) mentioned above is without taking into consideration the possible 

splitting due to the spin-spin interaction of the CH3  protons with - CH2 , and 

the - CH2  protons with CH3 and OH protons and the OH protons with  -
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CH2 . When integrated for the intensities, these lines would have the 

integration height values indicating intensity ratio of 3:2:1. Such a spectrum 

is obtainable when the spectrometer does not have high enough resolution 

and produces only three lines above for the PMR of ethanol. This is a 

moderately resolved spectrum since, chemical shift differences are 

resolvable, but not the spin-spin splitting patterns. The line width in such 

moderately resolved chemical shift patterns could be of the order of 20-30 

Hz. This would appear to be of the order of 0.5 ppm width in a 60MHz PMR

spectrometer.  The resolution of the spectrometer can be improved by 

improving the magnetic field homogeneity of the of the magnet system. This 

magnet system. The High Resolution Magnet Systems can have the 

homogeneity good enough to yield spectra with resolution of the order of 

0.2Hz. Such resolutions are achieved with any kind of stable magnets, 

independent of the steady magnetic field value for which the magnet is set 

for and hence independent of the operating frequency of the spectrometer. 

Such a spectrometer is refereed to as the High Resolution [HR] NMR 

Spectrometer. The spectrum of ethanol in presence of trace of acid in the 

medium, and from a High Resolution spectrometer would result in a triplet 

centered at 1.13 ppm for the CH3 protons because of its coupling with the 

CH2 protons. The three lines triplet would have the intensity ratio 1:2:1. The 

CH2 protons would be split into a quartet (intensity ratio 1:3:3:1) centered at 

3.61 ppm. The four lines arise because of the coupling of the CH2 protons 

with the three protons of the methyl group. The magnitude of the spin-spin 

splitting is 7Hz. The neat ethanol sample would contain in the PMR 

spectrum the spin-spin interaction of the OH protons also and because of its 

coupling with the CH2 protons there would be a triplet centered at 5.24 ppm 

with coupling constant value of 4.5Hz. Each of the four lines in the quartet 

of the CH2 protons, in this case, would be further split into sets of doublet 
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lines due to the presence of one proton of the OH group. A similar spin-spin 

splitting for the case of PF3 appears in Fig. 7a and 7b. This is a case of 

hetero nuclear spin-spin splitting between the 31P and the 19F nuclei due to 

the coupling between the Phosphorus and Fluorine nuclei as evidenced in 

their respective NMR spectra. The multiplicity pattern due to the interaction 

n

well-defined relation relating the resulting number of split-lines to the value 

resulting multiplicity patterns (Fig. 7c).

As it is evident, the group of 3 protons in the CH3 part of the ethanol do not 

have any spin-spin splitting features manifesting in the NMR spectrum 

which can be attributed to the spin-spin interaction among the three methyl 

protons themselves. That it is a group of three protons can be inferred only 

by the multiplicity pattern it causes in the NMR of neighboring bonded 

protons. Thus, this set of three protons of methyl group is known among the 

category of equivalent set of protons. Similarly the two protons of the CH2

group form a set of equivalent protons among which the splitting cannot be 

seen in the spectrum. The main criterion for the set of equivalence of the 

protons is that they all have the same chemical shift values being present in 

the same electronic environment due to the nature of bonding in the 

molecule. Thus it is necessary to classify the spectrum on the basis of these 

patterns that can be observed depending upon the number of equivalent 

protons with a particular value of chemical shift, and the neighboring 

equivalent protons interacting with each set of equivalent protons. Even 

though the multiplicity patterns are governed by simple relations, these 

relations are simple only under certain approximations.  
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Figure-7. (a),(b) NMR Spectrum of PF3. The corresponding Fluorine NMR(a) 
and the Phosphorus NMR (b). 7(c). Number (2NI+1) and intensities of resonance 
lines in case of coupling with N equivalent nuclei with spin I.
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Figure-8. (a) Proton NMR Spectrum of 95% Ethanol recorded at 500 MHz 
with Integration. Reference compound is DSS. (c) Simulated A2X3 weak 
and strong Coupling in a two spin system. (b) NMR spectrum of Ethanol at 
different Spectrometer frequencies: from top to bottom; 3MHz, 6MHz, 
15MHz, 30MHz and 60MHz. 

                                                                                                                   

If two different sets of equivalent protons are interacting with a specific 

 spin-spin coupling constant value for and if 

the two equivalent sets have their corresponding chemical shift values are 1

and 2 , then, the spin-spin splitting patterns have simple correlations only if 

the difference 
21

measured in Hz (i.e., the difference multiplied by 
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the spectrometer frequency)  is larger than the J value by an order of 

magnitude. This means 1021
J

.  Then the resulting pattern is said to be a 

first order spectrum, which is the simplest case for interpretation. There are 

definite set of rules based on the theoretical considerations for characterizing 

the multiplicity patterns even when the above ratio is not as high.         

                                                                                                   

 These patterns appear tabulated (Fig-8) as a function of the varying values 

of the ratio until that value beyond which the pattern remains simple enough. 

All these require developing a systematic set of nomenclature11 to refer to 

the patterns without having all the time to show the spectra during the 

discussions after gaining familiarity. It is to be well comprehended that the 

spin- J

independent of Spectrometer frequency, and the Chemical shift measured in 

ppm -scale is independent, in numerical value, of the spectrometer 

frequency. Thus the ratio of the chemical shift difference to the spin-spin 

coupling constant is dependent on spectrometer frequency [and the magnetic 

field] for the same sample. Thus it is possible to convert a complicated 

pattern into a simple pattern by taking the spectra in a spectrometer working 

at higher Magnetic field strength. This simple method of working at higher 

magnetic fields [Fig.9] is a simplest way of obtaining easily interpretable 

spectra, provided the technology permits to that limit for a given sample. 

All the above considerations illustrated for the PMR spectra, have similar 

counter parts for the multi nuclear NMR. The possibilities for homo nuclear 

and hetero nuclear combinations are many and once, in principle the

mechanisms are understood and by gaining familiarity with the use of NMR 

for structure determinations, it should be possible to realize the full potential 

of this tool in the varied contexts as becomes necessary. As was pointed out 

earlier, the protons in the various chemical environments have chemical 



Page 42 of 123 

shifts within the range of mostly 10ppm. But, the chemical shift ranges for 

all the nuclear species are not the same. For example, the 13C- Carbon NMR, 

the resonance frequency for which is approximately ¼ th of the proton 

resonance frequency at the same given magnetic field, spans a range of about  

250 ppm in comparison to the 10 ppm range for protons. Thus if the PMR 

spectrometer frequency is 100MHz [at 23.5 Kilo Gauss], then 1ppm is 

100Hz so that the protons have a range of 1KHz. At this same field, the 13C  

resonate at 25.6MHz and the 200 ppm would correspond to 200 x 25.6 = 

5.12KHz.The observed chemical shift range for 15N is about 1000 ppm; and 

for 31P the range is about 350 ppm. The 31P nuclei in biological samples 

cover a range of about 30 ppm.  Thus the sample coil tuning of the probe-

system and the signal detecting would have to take into considerations such 

variations in ranges which are closer the Audio frequency range values of the 

electromagnetic spectrum, while the resonance (operating) frequencies are in 

the radio frequency [MHz] ranges. The technological advances have 

nowadays made it possible to have NMR spectrometers which can operate at 

Magnetic Filed strengths of 14.092 Tesla which is 140.92 Kilo Gauss 

values. 
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Figure-9 (a) A low-field NMR spectrum of a sample to be compared with the 

(b) High Field 500MHz spectrum of the same sample; demonstrates the 

simplicity arising from Higher Magnetic Field Strength. 
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4. AN OUTLOOK ON THE UTILITY  FOR STRUCTURE 
DETERMINATION 

On the basis of the nature of the interaction described and the corresponding 

NMR spectral features, a guideline can be worked out for interpreting the 

values of the parameters obtained from NMR spectra by carefully 

analyzing12 the correlations between structure and the values of chemical 

shifts and coupling constants. 

The convention in NMR spectroscopy is to choose a compound with, 

possibly, only one equivalent set of most shielded nuclei and set it as 

reference with zero value on the -  This is the extreme, right most

end of  the spectrum in a conventionally produced chart-paper for NMR 

spectra. The direction from left to right is towards higher-field resonance 

values; when the spectrometer frequency is held constant at a set value then 

the resonance field must vary depending upon the extent of shielding at a 

particular nucleus. According to Eq.4, the product - must remain 

constant if  is held constant. Whence, as the shielding of nucleus, and 

value, increases from bare nucleus value 0

max is set as 

=0, the chemical shift value can be at its 

maximum max. Thus shielding must be measured with reference to Bare 

Nucleus (no-shielding), and chemical shift with reference to the resonance in 

the conventional chemical compound (containing typically most shielded 

nuclei).  The direction from left to right is towards higher-field resonance 

values. This convention, as above, for routinely measuring NMR parameters 

from the spectra on chart papers obtained form the spectrometers, provides 
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Figure-10. NMR Line positions of Aromatic ring protons for the different 

substitutions for the effects at Ortho, Meta and para positions. Further 

elaborations of these substitution effects can be found in the reference: 

Speisecke and Schneider, 13 C And Proton Shifts In Substituted Benzenes,

J.Chem.Phys., 35, (1961) pp 731. 
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 the following convenient descriptions to indicate the structural situations 

around the nucleus in the given sample.  

When, due to the molecular bonding and the electronic structure, there 

happens to be more electron charge density around a nucleus (Fig.10), then, 

the possibility of diamagnetic shielding13 effect increases. If the electron 

charge cloud can undergo changes in the electron-circulation characteristics 

(the velocity of circulation and/or the radius of circulation due to the nature 

diamagnetic shielding effect can increase with increase in the velocity of 

circulation and decrease in the radius of circulation. The opposite trends can 

be described as paramagnetic deshielding effects. Till now the nucleus had 

been considered to be at the center of (within) the relevant charge clouds. If 

the nucleus under consideration is situated in a region near by, but outside, 

the electron charge cloud, even then the changes in the charge cloud and its 

characteristics can influence the nucleus in the neighborhood. Then the 

reasoning must be based on the dipolar field distributions around a point 

dipole14. The considerations of whether, the point-dipole approximations can 

be valid for explaining the neighbor group contributions can add to the 

strength of the arguments for the derived structures or can act as constraints 

when there is necessity to restrict the possibilities of equivalent assignments. 

This typically is the approach while trying to work out structures of large 

molecules where the double resonance techniques (the nuclear Overhauser 

effect) provide the necessary inter nuclear distance constraints while trying 

to obtain optimized structures. It is possible that such types of correlations 

open up an endless possibility so that a structure can be solved entirely based

on NMR spectral information without having to resort to any other tool. 

The spin-spin interactions are much smaller in magnitude as compared to the 

chemical shift difference in frequency units. These interactions depend upon 

more critically on the nature of the molecular electronic structure in the 
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region where the interacting nuclei are situated rather than being specific 

about only a given nuclear site. The possible immense structural 

correlations to the nature of the bonding provide detailed information with 

reference to the number of bonds between the interacting nuclei, multiple 

bond formations and, to the corresponding hybridization of the atomic 

orbital, which have to be invoked to account for the shapes and charge 

distributions due to these bonds. These are in addition to what the chemical 

shift information can provide.  

The spin-spin coupling constants and the Chemical shift values can be 

correlated to result in a consistent set of assignments which fits in with the 

chemically feasible and favorable structures. But this requires enormous 

effort when the system under study is large and several sets of parameters 

close to one another resulting in complicated appearance of the spectrum. 

Typically the kind of effort required can be ascertained from the fact that 

certain spin-spin splitting patterns observed in NMR would require elaborate 

simulation techniques to ascertain the nature of the interacting spin system 

and the corresponding chemical shift and coupling constants. The multi 

dimensional NMR techniques provide the advantage of greatly simplifying 

the task of correlating the chemical shifts with the corresponding possibility 

that a pair of nuclei with the assigned chemical shifts can in principle be 

coupled or not. Once it is established, that given two spins with specified 

chemical shifts are coupled by spin-spin interactions, then the pulsed 

multidimensional NMR techniques provide a range of experiments which 

can be designed to extract the magnitudes of these coupling constants as 

well. These types of assignments were made conventionally by double 

-
5,17.  

The analogous experiments in the multidimensional NMR techniques are the 

COrrelated SpectroscopY 1 6 a  and the Nuclear  Overhauser
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E f fect SpectroscopY 1 6 b .  The correlated spectroscopy produces a 

spectral pattern, which correlates the chemical shifts plotted on two 

frequency axes (with the possibility that the chemical shifts of one axis could 

be from a spin system coupled with another spin system with chemical shifts 

as displayed on the second axis). These types of multidimensional spectra 

experiments can result in cross peaks only for spin systems, which are 

coupled. Between spin systems which do not exhibit sin spin interactions in 

dimensional spectral plots. Once it is established by the correlated 

spectroscopy that certain sets of spins in the systems are coupled, then the 

multidimensional NMR techniques have a series of experiments which can 

be resulting in the determination of the spin-spin coupling constant values as 

well. Typically what is named as - 20 two dimensional NMR 

technique (homo-nuclear as well as hetero-nuclear), along one of the axis 

chemical shift values of the nuclei are plotted and on the other axis their 

corresponding spin-spin coupling patterns only without any reference on that 

axis to the chemical shifts. With the possibilities of obtaining such 

multidimensional NMR spectra in spectrometers at high a Magnetic field 

strengths as 14.02 Tesla (corresponds to resonance frequency of 600 MHz 

for Protons), the NMR holds promise for the application as a tool for 

structure determination. The Nuclear Overhauser Effect Spectroscopy can 

produce cross peaks in two dimensional spectra provided the two spin 

systems (with one system on the one of the chemical shift axis and the other 

systems on the second axis) are placed geometrically in such proximity 

(even though by directly bonding) by the stereochemical dispositions, that 

the direct (through space) dipole-dipole  interaction which is time dependent 

(because of the variation of the polar angle of their inter nuclear vector) due 

to the  molecular motions exercises an influence by relaxation mechanisms. 
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In such event there can be a cross peak which would indicate the stereo 

chemical proximity, an information about the non-bonded dispositions of the 

spin-systems in molecules. 

Even at such high fields, for macromolecules, the resulting spectra may be 

projecting out only certain recognizable spectral structural patterns instead of 

the display of discrete line spectra as is possible for small molecules. Thus 

besides the finger prints of spin-spin splitting patterns for spin systems 

within molecules, it may be possible to document finger prints of molecules 

which occur conspicuously as familiar fragments(Table-3) in macro 

molecules. When several of such familiar fragments are present together in a 

macro molecule, then the resulting spectral features may not contain any 

explicitly visible pattern corresponding to any of the documented21b single 

molecular fragment but a overall pattern must have to be analyzed for the 

constituent patterns and further into constituent spin-spin splitting structures. 

Thus an elaborate pattern recognition21a procedure would have to be 

programmed and implemented. Even though, this description seems to be 

that of a formidable task, propping out a question, whether it is all worthy 

enough or not (to spend time on this tool for structure determination), the 

actual situation in the practice of NMR is providing pleasingly encouraging 

possibilities. 

The present day spectrometers24 have built in automated programs to set up 

pulsed experiments of the type of Correlated Spectroscopy, J-resolved 

Spectroscopy, Nuclear Overhauser effect Spectroscopy and many more. Not 

only that the spectrometers can produce spectra for visual display23, they can 

also store the entire spectral information as data bases convenient enough to 

process them with the available spectral data processing software packages 

in the dedicated computers. Hence all the required experimental acquisitions 

and the data processing options can be setup finally to yield, from the 

computer aided NMR Spectrometers, the final structural information as 
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required for understanding the molecular structures and their functions. Thus 

the NMR in the present day is a potential tool for structure determination.

When by the studies in liquid state the NMR can reveal so much of structural 

information, then, the natural inquisitiveness to know about studies in solids 

cannot be dormant. But, in this article not much can be covered about how 

much more details can be acquired from solid state NMR and what are the 

additional aspects that have to be invoked for those advantages in solid states 

from the perspectives of the basic interactions discussed till now in view of 

the liquid state of the samples. 

Basically the difference in solid state22 is that there are no tumbling motions 

of the molecules and hence there are no time averages to be considered when 

the spin systems have dependences on the orientation of their inter nuclear 

axes with respect to the external magnetic field direction. Thus the 

anisotropy of all the interactions do not get averaged and the resulting tensor 

parameters of the system for the basic interactions scan the electronic

structure of molecules spatially to reveal the nature of bonding precisely. To 

what extent the combined information wide line NMR and the high 

resolution solid state NMR studies can reveal about the nature of molecular 

packing in crystals and the effect of inter molecular shielding interactions 

and the inter nuclear distances can be ascertained by looking through the 

discussions in some of the typical solid state NMR studies and the references 

there in. In fact by grasping the possibilities with the HR NMR in liquid 

studies it is only a matter of some more reading of the nature of the un-

averaged interactions which would make it evident what the solid state NMR 

studies holds for structural studies. Along with the advances and 

achievements in the experimental aspects of NMR, the theoretical 

calculations of the NMR parameters are providing a supportive basis for the 

experimental findings and the gain there by is getting the right clues to 

improve the theoretical formalisms. 
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PART-B: GETTING ACQUAINTED WITH NMR IN 
PRACTICE 

1.ACQUIRING AN NMR SPECTRUM 

NMR technique to practice requires an acquaintance with the methods of

preparing the samples and obtaining the spectrum recorded from 

Spectrometers. The elementary introduction as was given in Part-A consists 

essentially of materials to acquaint with the terminology related to the 

Principles of NMR and the description of NMR Phenomenon for the 

consequences of getting information from NMR spectrum, particularly the 

spectral features and spectral parameters which are important for 

determining structure of molecules. All these aspects have to be related to 

the advances in NMR instrumentation which makes structure determination 

facile, and thus the significance of experimental conditions in terms of the 

instrumental settings by appropriately assigning the significance in 

accordance with the corresponding changes in the spectral patterns. Certain 

complications in the structural features would require critically

distinguishing the settings from what is required under routine conditions. 

As one may infer from the contents of Part-A the diagrams in the various 

figures were drawn using the Microsoft Office applications which are 

provided as default features as part of Microsoft operating systems. The 

purpose of such an approach was twofold: one, beginners do not have to 

make special effort to procure software applications; the second being use of 

readily available general purpose  software applications would require the 

learner to look for the basic equations which are applicable for such tasks 

which enables them to gain confidence on simulations and data processing. 

Once the learners become familiar with the simulation processing techniques 

in elementary terms then, acquainting with more advanced packages requires 
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not much effort. In the figure captions the equations which were used are 

also clearly mentioned as much as possible.  

Reference 4:  Suggested Reading, consists of a macroscopic model of the 

NMR phenomenon which is the point to make a beginning (if one knows 

college Physics, chemistry and Mathematics) to learn about NMR 

experiment for the principles of detection. NMR videos Playlist (Reference 

8; Suggested Reading) the first video is on the elementary definition of NMR 

which has the required supplementary animated illustrative material for the 

descriptions on the macroscopic model of F.Verburugge in reference:4 

mentioned above. Even         though the descriptions begin with single spin 

interaction with externally applied intense steady magnetic field, the 

experimental measurements are with spin ensembles. Then what difference it 

makes to be dealing with ensembles and describing with single spin 

interaction? This is an important factor which is all the time to reckon with 

in spectroscopic studies that describe the phenomenon with single isolated 

particle and experiment with ensemble and derive structural information by 

measuring spectral quantities from such spectra on ensembles. This 

difference is elucidated in the Playlist video . The 

Pulsed NMR experiment is described in the third Video of the playlist. Thus 

the 12 Videos in the play list provide the necessary introduction for the 

NMR spectroscopic technique covering as much details as necessary for the 

beginners, particularly the operating principles of NMR instruments. The 

actual spectrometer settings6 and the functional features are to be acquainted 

with by visiting the sites of NMR instruments and getting to know the 

spectral print outs from the spectrometers. Mainly, acquisition parameters, 

data processing parameters, and plotting parameters are the parameter 

categories. Acquisition parameters consist of the specific pulse sequence of 

the intended NMR technique, with the Pulse widths, Pulse delays, RF Power 

level settings, Automatic Gain control parameter, Number of data points to 
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be acquired per scan, Number of scans required for the appropriate signal to 

noise ratio, a sample code to identify the stored spectrum and for subsequent 

retrieval etc. At the outset the particular nucleus to resonate the spectrometer 

probe must be tuned to appropriate frequency. The signal to noise ratio, the 

number of scans and the over-all experiment time to get the plotted spectra 

would all be dependent upon the natural abundance of the particular nucleus, 

sample concentration determining the sensitivity. The probe sample coil 

quality factor would be determining factor for the spectrometer sensitivity. 

In PART-A these aspects have been explained with references cited for 

specialized discussions on the various aspects. No effort has been made to 

particularly to describe the 

mostly used NMR spectrometers in several NMR Centers are the ones 

manufactured by BRUKER GMBH and these manufacturers have website 

documenting several aspects of their spectrometer series with technical 

reports and contact information to the application scientists who specialize in 

the various spectrometer aspects. Further there are frequently held BRUKER 

WEBINARS which can be useful to keep one updated with the current 

trends. Some of these webinar recordings can be found enlisted in the 

webpage at reference 25. 

Integrating Spectral Analysis into Academic 

Research & Teaching26 gives an outlook on the role of spectroscopy in 

academic pursuits and indicates what to look for while trying to avail the 

spectroscopic techniques in research. The Fourier Transform technique has 

made possible several varieties of NMR experiments and the major 

classification being the popular 1D (one-dimensional) and 2D (two 

dimensional) FT NMR techniques. In principle one can talk of Multi-

dimensional NMR, an n-dimensional FT NMR experiments, depending upon 

the instrumental features. Critical could be provisions in terms of 
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spectrometer capabilities with associated computerized storing and 

processing of the data. 

One of the important factor that determines the efficient use of the NMR 

technique and  the selection of appropriate NMR experiments for the 

problem at hand is how well one is able to relate the reference frames in the 

Laboratory space, Molecular point groups  and the Spin space. The 

descriptions of experiments in Laboratory fixed frame and the Rotating 

frames of reference can be making all the efforts to keep track of the results 

elusive, thus making the interpretations ambiguous and difficult. As a 

consequence the entire effort of chemical structure determination a multi-

disciplinary task. Depending upon whether or not the requirement of NMR 

spectroscopy as structure is a lasting necessity, it may be necessary at the 

very outset the spectrometer environment and the various reference frames 

related to one another. For example it is usual practice to refer to pulses as x-

pulse or y-pulse, depending upon the rotating reference frame axis along 

which the rotating magnetic field vector is when the pulse is on. If one 

knows the RF oscillations in sample coil (mostly solenoid shape), the 

magnetic field oscillations are along the axis of the solenoid, and the 

solenoid axis fixed in the Laboratory frame. Thus it is necessary then, to 

know that the solenoid axis linear oscillations have to be subjected to an 

Euler Equation of complex quantity, the real part would correspond to the 

actual linear oscillation along the solenoid axis. To grasp this point it is 

hereby suggested to refer to the NMR Video Play list (of Ref.8, Suggested 

contains in slide #6 &7 animated features and explanations that would 

interrelate the theory of NMR experiment and the actualities of Laboratory 

frame and rotating frame events. These slide contents in conjunction with the 

10th and 11th in the Play list namely euleexp_1.WMV and  euleexp_2.WMV

on the animated explanation of the mathematical equation Euler Expansion 
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could be adequate for acquainting with the required transformation operators 

under pulses and the references to various coordinate axes reference frames. 

Such references to axes related to the applied RF pulses find importance in 

the Phase Cycling Sequences. Phase Cycling (http://www-

keeler.ch.cam.ac.uk/lectures/Irvine/index.html  Chapter 9) is used most of 

the time in FT NMR experiments to obtain the chosen parameters manifest 

unambiguously in the spectra for convenient determination. Further in the 

general list of videos, the one entitled transform_tensors.WMV can be 

helpful in relating molecular axes systems, principal axes systems of Tensor 

interaction parameters with the laboratory axes system. It is also possible to 

view the 30mins-45mins animated feature content of the Presentation File 

and the Video file which can be comprehensively a lecture content to 

often encountered in multiple pulse experiments (Experiments requiring a 

sequence of pulses separated by delays of various magnitudes) and the 

6_NMR_SpinEcho_Pulsesequence. WMV  along with 

the geometrical illustration of the mathematical process 

To make a remark at this stage is inevitable: that there are two approaches to 

opt for whenever an NMR aspect is to be clarified or explained. The first is 

the familiar Vector Model which is more tractable in the early stages of 

acquainting with NMR phenomenon. The single spin treatment to explain 

the interaction of the nuclear magnetic moment with external magnetic field 

the precession phenomena giving the equation relating the precession 

frequency with the strength of the magnetic field and related resonance 

condition can all be explained with classical vector model, with the notion of 

quantization of Angular Momentum implicitly taken for granted. There is the 

other approach of quantized energy level diagram derivable from the Eigen 
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values and the Eigen functions corresponding to the Hamiltonian operator 

expressed in terms of the Spin angular momentum operator. This also has a 

simple description for the single spin interaction with external magnetic field 

and the resonance phenomenon. When the consideration of the spin

ensemble arises, then the single spin versions have to get appropriate 

ensemble version, carefully appreciating the differences and that such 

differences are essential for the detection of NMR and the advanced NMR 

experiments. The classical vector model gets the description in terms of the 

basic angular momentum vector of the nuclei related to nuclear magnetic 

moment. In transcending from the single spin angular momentum to the 

ensemble magnetization, relaxation phenomena play an important role. A 

thermal equilibrium between the spin degrees of freedom and the other 

degrees of freedom of the spin ensemble (macroscopic sample) is to be 

established before the sample is used for NMR experiments. The process of 

exchange of energy between the spin system and the lattice (non-spin 

degrees of freedom) is the longitudinal (T1 relaxation) relaxation process. 

Once the thermal equilibrium is established in the magnetic field, then steady 

state NMR observations require all through the acquisition NMR spectrum, 

this thermal equilibrium is always maintained. The Continuous Wave (CW) 

NMR detection are this class of steady state29 technique. On a sample in 

thermal equilibrium, NMR information can be acquired by setting a non-

equilibrium state for the spins and while the thermal equilibrium is being 

established the NMR information can be acquired. These are transient 

techniques of NMR detection. Once the spin system are set in a non-

equilibrium situation, there are two kinds of processes available for spin 

systems: 1) the spin order originally present in the system (under non 

equilibrium conditions) changes with time due to spin-spin interaction in 

which case the exchange of energy is among the spins by simultaneous 
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upward & downward transitions for example, which does not require any 

interaction with Lattice and exchange of energy with lattice. Thus such spin-

spin relaxation process has different energy exchange considerations (in 

principle the spin energy within the spin system itself) as compared to spin 

lattice processes. This difference makes one process to be treated as 

independent on the other in favorable cases. Thus spin-spin relaxation time 

(the T2 or transverse relaxation time) can be different from spin-lattice 

relaxation time (T1  or longitudinal relaxation time). The terms longitudinal 

and transverse makes the visualization of the phenomena convenient in the 

vector model. Significantly, in solid state, the spin systems may have strong 

spin-spin interactions and this can give rise to short relaxation times, while 

the lattice is made up of atoms in fixed motionless positions, the spin-lattice 

interactions may not be as much strong thus rendering the spin system 

characterized by very long spin-lattice relaxation times. Since the spin-spin 

equilibrium is established much more quickly than the spin-lattice 

equilibrium (thermal equilibrium with lattice), there is a well defined spin 

temperature to reckon with as different from the lattice temperature. Thus the 

Liquid State NMR conditions can be much different from that for NMR in 

solid-state. By interpretation of NMR it is usually meant that it is the High 

Resolution NMR in liquids is the technique. The kind of structural 

information one obtains from solid state is different from that from liquid 

state. The Solid state aspects would not be emphasized much in this article.    

2.THEORY OF NMR EXPERIMENTS 

While the NMR spectral information is rich and lends itself to be interpreted 

from several points of view relating to several disciplines, all this usefulness 

is possible mainly because of the theoretical aspects which are the basis for 

devising and developing NMR technique to be useful. The reason that the 
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nuclear magnetic resonance (for the entire available range of field values) is 

in the RF region of the electromagnetic radiation is a distinct difference as 

compared to the other spectroscopic techniques which are in the visual and 

ultraviolet ranges of the electromagnetic radiations. The nature of the 

radiation itself being coherent in the RF region, as compared to the extent of 

incoherence encountered in the much higher frequency ranges makes certain 

NMR experimental conditions inherently advantageous. Since such 

discussions are much too far-fetched in the present context, the instrumental 

aspects are not discussed in as much in detail as the fact that these 

considerations prevail over the current advances in Instrumentation.  

Even if it be only to a limited extent, knowing the descriptions of spin 

system used in the context of the evolution of the spin system under transient 

NMR techniques could be a facility; particularly while trying to acquire an 

NMR spectrum and to derive information from the spectrum about the spin 

system. It was mentioned earlier that there is a difference in the descriptions 

when considering an ensemble of spins as compared to single spin 

description. To make a beginning with the theory of experiments, it is 

pertinent to point out that these differences arise mainly because of the spin-

spin interactions playing a role as compared to non-interacting system. It was 

also mentioned that the term magnetization describes more conveniently the 

ensemble of spin system, than the description based on magnetic moments of 

individual spin spins. Thus first making the description in terms of single 

spin for the basic interaction in presence of magnetic field, the terms relevant 

for spin ensemble gets defined in terms of the single spin moment and the 

components along the quantizing direction and perpendicular to it. It was 

also mentioned that the vector model and energy level versions are prevalent 

to describe NMR experiments. 

In principle the net measurable quantity in an ensemble is to be due the 

corresponding individual physical property of the single spins. How the 
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measurable quantity changes with time spontaneously (without any external 

the free evolution of the spin system. That the spin system can evolve freely 

on its own to enable the measurable ensemble quantity to be different from 

the straight forward summed totality of the individual spin property is all 

about the beginning to the theory of experiment. The time dependent 

changes in the system can be characterized when the changes occur slowly 

enough to be monitored by instruments, then a characteristic time called 

usually a time-constant can be associated with the process. It is necessary 

thus those changes which can occur in the spin system which can be termed 

instantaneous, and those which have characteristic evolution time to be 

associated with. In the video (Reference 8, Suggested Reading) among the 

wherein at Slide #5 there 

d those which have 

finite evolution times for the spin system changes. To know the spectral 

features that are containing information for the consequence of structure 

determination, it is necessary to identify processes at the outset which occur 

instantaneously and which can be characterized as an evolution. Such 

evolutions of the spin system are governed by Equations Motion, which are 

solved for obtaining the functional forms of the time dependent changes of 

the system. To determine experimental conditions to enable such changes, 

these processes must be identified with the part of the Hamiltonian that is 

responsible for the changes (evolutions). Since the spin systems can interact 

with externally set conditions, such interactions are characterized by the 

Hamiltonian, which can be termed External Hamiltonians; and, those 

interactions which occur due to the characteristics of the nuclear spins, that 

part of the Hamiltonian representing only spin operators and lattice 

parameters are termed Internal Hamiltonians. One may find that usually the 
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under the External Hamiltonians operating on the state of the spin-system. 

The so termed free evolution, are the evolutions under internal Hamiltonians. 

This awareness of the external and internal to the system would greatly 

simplify the setting up of appropriate experiments, since the internal 

Hamiltonian parts can be corresponding to the information on the measured 

spectral parameters which in turn are related to the system characteristics 

specifically to the structural aspects. How these parameters (internal 

Hamiltonian) influences the evolution can be ascertained and experimenter 

can set external Hamiltonians that can alter the courses of this evolution at 

certain instants, and then further let the system evolve. These lead to certain 

selectivity in the evolution under internal parameters so that the final 

spectrum evidences the structural aspects more selectively for simplifying 

the task of structure determination.  

The Hamiltonian for the interaction of spins with external magnetic field 

consists of nuclear spin operator and the operator for external magnetic 

field vector31. As much as this applied field is a Steady Field (constant in 

time) and is present all the time throughout the duration of NMR experiment, 

interacting with magnetic field vector of the externally applied 

electromagnetic field, but the pulses are applied only for short time periods 

(pulse widths- PW) during the entire single-scan of multi-pulse NMR 

experiment, and these pulse widths are small compared to delay periods for 

- so named specifically because it is in the absence of (free 

from the presence of) external radiation. Thus the pulses effect a rotation of 

the magnetization vectors, and these are time dependent Hamiltonians. The 

free evolution also described by time dependent Hamiltonian, under a time 

independent interaction the evolution is characterized by time dependent 

changes in the spin system. The spin-spin coupling operator contains only 
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spin operators and no external field for the interaction. This implies that the 

spin-spin interaction is present even when there is no applied, external 

magnetic field (steady field or pulsed RF field). During the evolution period, 

this spin-spin interaction also would be present. It would require finding a 

set of constituent pulses to make a sequence to be effective and be selective32

to a specified interaction from among the several interactions present at a 

time. 

The theory of the experiment would require the awareness of the Quantum 

mechanical operators governing the interactions, and the standing of these 

operators with respect to the real laboratory world in which the experiments 

are carried out and quantities are measured. To begin with consider the 

equations of PART-A Section-2; the Eq.1, Eq.2 and Eq.3. These equations 

come about from the descriptions of classical bar magnet possessing 

magnetic moment |µ|, which is the magnitude of vector quantity µ, which 

can interact with Magnetic Field of strength |H0|, the magnetic field being 

the vector quantity H0. From the equation for energy E of interaction of 

magnetic moment with the magnetic field E= µ.H0 the operator form of the 

interaction of Nuclear Magnetic Moment with External Magnetic Field is 

obtained, since nuclear magnetic moments are related to the nuclear spin 

angular momentum operators, the nuclear magnetic moment interaction is 

describable in terms of alignment of spin angular momentum. This aspect is 

illustrated in the Video enlisted as .

From the sequence of properties and phenomena described what has to be 

laboratory coordinate system, and when the nuclear moment is in this field, it 

is the quantization of nuclear angular momentum (in turn due to the 

associated magnetic moment) that enables the spin operators to be related to 

the laboratory. Thus the direction of magnetic field is the quantizing axis in 

this case. This implicit role of interaction of the magnetic moment (not 
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quantized) interacting with magnetic field which makes the magnetic 

moment follow the quantization governing spin angular momentum. This 

awareness becomes even more important as one encounter advanced multi

pulse NMR experiments and the advantages they bring about. Fundamentally 

the difference between a Magnetic Field (between North Pole and South 

Pole) and the Magnetic Moment (made up by North Pole and South Pole) 

must be appreciated33 to know where the matter is important and how it 

relates to the materials exposed to fields. An understanding of such 

differences and relevance to laboratory axes system must be in-built in the 

appreciation of the contents of other reference31, 32 materials as well. At this 

juncture it may be worth the while to recapitulate the following from the 

abstract at the beginning.  

extent to which the advanced instrumentation techniques are availed in the 

detection of resonance signal, in the acquisition of spectra and in further 

processing the spectral data. The greater the incorporation of such 

technical advances, the more seems to be the benefits in utilizing this tool 

for structural determination. In turn, the better the instrumental 

provisions, the more seems to be possibility of designing new NMR 

techniques with the better insights in the theoretical understanding of the 

NMR phenomenon. This seem to provide a perennial cycle that the 

improved understanding puts demand on the instrumentation to be 

improved, and technology ensuring the necessary instrumental criteria 

provides even better insights into the NMR phenomenon resulting in new 

experimental schemes for availing the Nuclear Magnetic Resonance 

                                                                                

The potential of this Technique for Structure Determination requires a 

comprehensive appreciation of all the aspects even if one is not fully armed 
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with all the necessary NMR tools. A quick grasp of the problem at hand, thus 

would enable the working out of the details as is appropriate for the context. 

Quantum Mechanical operators set up for the evaluation of various 

interaction energies, all operate on the state function of the spin system. For 

an isolated spin the wave functions are good enough for the necessary 

description of the state of the spin system; but, a different kind of description 

of the spin system state of an ensemble of such spins is preferred. This is 

because one must be able to adequately describe the Magnetization along the 

field (Z-direction) and in the plane (XY-plane) perpendicular the field. 

Although Thermal equilibrium is characterized by the zero magnetization in 

the XY plane, it is only when an XY Magnetization is created by causing a 

non-thermal equilibrium condition, the Magnetic Resonance is detected. 

What is the kind of quantum mechanical description available for describing 

the presence of XY-plane magnetization is the query that can clearly point 

out the Density Matrix description based on the single spin-wave functions, 

rather than the wave functions themselves which is preferred. This aspect is 

well illustrated and discussed in the book34 . 

Even at the outset, the density matrix elements, classified as diagonal 

elements and off-diagonal elements, respectively would conveniently 

describe, equilibrium populations and the non-stationery part under the 

external perturbation that renders the spin system in a non-equilibrium state 

spin-system. Further fall out would be that the evolution of the spin system 

to equilibrium from the non-equilibrium state, would be describable by how 

diagonal elements vary with time (a T1 process) and how the off-diagonal 

elements vary with time (a T2 Process). The off-diagonal states created by 

the application of an RF filed are termed as coherences (in the context of 

pulsed experiments, tilting of magnetization towards plane perpendicular to 

Magnetic Field direction - the non equilibrium orientation of magnetization 
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is referred to as coherences of first order are being generated; in the CW 

 as 

distinct from the Term Populations for the diagonal terms. While a Vector 

descriptions are convenient to describe in terms of populations ( number of 

spins occupying a eigenstate (stationary state) related to lengths of the 

magnetization vector, the non-equilibrium magnetization vector components 

in the XY plane do not correspond to number of spins occupying (stationary 

state) Eigen-functions. These off-diagonal elements so created would have 

transitory existence unlike the populations which are time independent for 

(the given Zeeman Filed) a steady external applied field. It a convenience to 

use density matrix description, and necessarily reconciliation would be 

called for when the non-equilibrium state has vector descriptions; all these 

aspects have been adequately illustrated and discussed34 by Malcom Levitt in 

the book referred to at the end.  

While the magnetization along the field direction is simply described in a 

vector representation, the XY-component has significances of more general 

context which cannot be described in such simple terms of vector 

description. The importance of the XY magnetization is that it is this 

component which is responsible for the detection of NMR. And, there are 

such non-stationary states which are simultaneously generated with the 

creation of XY component under the experimental conditions. This calls for 

the term Coherence35, preferably over the magnetization. This detectable 

magnetization, that also has a simple vector description, is the first order 

coherence which is detectable. The variety of pulse sequences and useful 

NMR experiments (for obtaining simplified spectra from a complex Proton 

system in a molecule) all come about because of the Higher Order 

coherences that can be generated by pulse techniques. And it is only the first 

order coherence which is detectable, although the higher order coherences 

carry useful information. Thus higher order coherences have to be (at some 
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stage in the experiment) converted into first order coherences to detect. Once 

it is specifically a particular higher order coherence which is converted into 

detectable first order coherence, then the spectral content of higher order 

coherence becomes detectable. What are the coherence orders which are 

important for a specific kind of information about the proton system is all 

about the advantages of advanced theory of NMR experiments and this 

aspect is covered as an exclusive part of NMR experiments this class of 

experiments depend on the 35 . These 

coherences and the consequent notations have given rise to different type of 

diagrammatic representation which has no similarity with the vector 

diagram. The mathematical description correspondingly turns out to be 

conveniently in terms of density matrix, mostly the off diagonal elements are 

considered for the various aspects of Coherence and Coherence Selection 

Pathways. In the case of spin systems the density matrix for the spin-state 

description of ensemble gets a mathematical density operator in terms of 

spin angular momentum operator as much as the Hamiltonian of interaction. 

This makes the correspondences more viable to relate the interaction 

parameters and the variable in the laboratory coordinates. 

3.HAMILTONIAN FOR ENERGY OF NUCLEAR INTERACTIONS 

The symbols, notations and presentations would be closely following the 

discussion in Ref. 36. For a Single nuclear spin the Hamiltonian of 

Interaction can be expressed as: 

                                         I .AL. X 

Where is the gyro magnetic ratio of the nucleus, a universal constant that is 

characteristic of the interacting nucleus, and I the spin angular momentum 

operator of the nucleus ( I I = , the 

magnetic moment) and X represents the operator for the physical quantity 
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with which the nucleus interacts, and  AL contains the parameter which 

determines the strength of the interaction depending on the local structure. 

Thus I and X define the nature of interaction which is being considered and 

AL is the parameter determining the magnitude of the interaction. It is also 

possible to include the constants required for the context, such as , in AL by 

definition. For the case of nucleus interacting with external magnetic field,

AL. X part can be represented by symbol BL.

                         = I . BL = I . AL. X = . B0  

The interaction is with a magnetic field strength BL at the site of the nucleus. 

When the nucleus is present in a molecule, the interaction of surrounding 

electron with the external magnetic field modifies the field at the nuclear site 

BL to be different from the actual strength B0 of the applied field. This makes 

possible to express the BL as AL. B0, so that AL is the, sample dependent 

factor and B0 being the actual strength of applied field. Thus if the 

interaction is of the nuclear spin with externally applied field, it is referred to 

as the Zeeman Interaction. The modifying sample dependent factor in the 

Hamiltonian would be the Chemical Shift20  characteristic of the electronic 

surrounding at the location of the interacting nucleus. Thus the Hamiltonian 

can be of the form:   

                                                    I . . B0.  

Considering two spins in the sample namely, Ii and Ij ,   

                                   i Ii . i . B0 + j Ij . j . B0 

The spin-spin interaction part of the Hamiltonian is of the form: 

                                                Ii . Dij . Ij

with the factor D contains the nucleus characteristic universal constants, and, 

the  space dependent part relating one spin Ii in the sample at its location, to 

the other spin Ij in another location in the sample. The factors and D are in 

general Tensors of Second Rank and each can in turn be expanded in terms 
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by molecular symmetry point groups. But to assign the X, Y, Z with a 

defined convention, could be outside the purview of an entirely symmetry 

consideration.  

At this stage, it is worth pointing out that in solutions (liquid state) the NMR 

spectra contain only isotropic information where as in general the tensor 

characterizes an anisotropic property. Isotropic values are simply the average 

values of the three diagonal elements, in turn these quantities thus obtained 

as the trace of the tensor, represent isotropic part of in the nature of the 

specific interaction. This isotropic part is also called the scalar quantity. This 

way the isotropic part of the tensor alone manifests in solution spectra, 

means a selective averaging of the anisotropic part of the interaction38. 

Chemical shift values in the solution spectra are the corresponding isotropic, 

orientation (of molecules with external magnetic field) independent scalar 

value, and this averaging away of anisotropic part is due to the fast tumbling 

motion of the molecules in which occur random orientation of the molecule 

at such fast rates, that the anisotropic part averages out. This is an averaging 

in coordinate space. There are selective averaging methods by averaging in 

spin space37, also termed as coherent averaging of interactions in spin space. 

Such techniques enable solid state High Resolution Spectra; otherwise 

normally in solid state it would be a wide-line NMR spectrum with much 

larger line widths than in (liquid state) solutions. 

The kind of selective averaging referred to in connection with the coherent 

averaging in spin space for High Resolution Proton NMR in Solids is what is 

currently referred to a selective averaging method, where as the earlier 

averaging by tumbling motions in liquids is simply called a motional 

averaging. The difference being, that the motional averaging results in the 

vanishing of second rank component of the Tensor interaction, leaving the 

zero rank tensor part of the same interaction. The scalar (isotropic) part is 

the zero rank tensor (of chemical shift) while the anisotropic part is the 
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second rank (traceless) tensor (of chemical shift). Whereas by coherent 

averaging in spin space it is possible to average the anisotropic part of the 

SPIN-SPIN interaction, leaving the anisotropic part of the Chemical Shift 

interaction still measurable. Thus this selective averaging is a special kind 

that it can average one interaction in presence of another similar (similar in 

transformation characteristics) interaction. By spin space averaging a 

selection between two different, almost otherwise inseparable interactions, is 

possible for averaging out one and leaving the other being still measurable. 

Selection between the different tensor ranks of the same interaction, known 

much before, were not originally referred to as Selective Averaging. In solid 

state NMR experiments, there is the coordinate space averaging method

called Magic Angle Sample Spinning method. This method is not a selective 

averaging method because it averages out the anisotropic part of both the 

Chemical Shift and the Spin-Spin interaction. The advantage being, it results 

in liquid state like spectra for samples in solid state. What is inherently 

present in liquid state (the random tumbling motion) is absent in solid state 

and the magic angle sample spinning accomplishes in solid state, that which 

is caused by what is inherently present in the sample. 

4.EXPERIMENTS TO SIMPLIFY COMPLICATIONS IN SPECTRA  

In practice the NMR spectra need not be always simple. Thus it is necessary 

to have good theoretical understanding of the interactions to know how the 

complications arise, and device experiments to obtain simplified spectra of 

that specimen which at the first instance result in complicated spectra. As 

one tries to interpret spectra (assigning chemical shifts and identifying 

interacting nuclear spin systems), complicated spectra present ambiguities in 

assignments and identifications. Then the theoretical basis would provide a 

way for reducing the ambiguities either by simulation techniques or by 
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special NMR experiments which can enable unraveling the actualities and 

resolve the ambiguities. The spectrometer settings and the spectral patterns 

that require attention can be categorized as in the list below: 

1Magnetic field in-homogeneities. 

2Signal to noise ratio. 

3Recognizing multiplet-patterns in proton spectra. 

4Overlapping lines, small differences in chemical shifts. 

Most of those who requisition spectra for samples are usually people who do 

not have to know all about the spectrometer operation; but, they are required 

to be knowing about how to specify which features of spectrum have to be 

given special attention from the point of view of the possible structures of 

molecules contained in the sample which they submit. Field-shimming is an 

automated routine procedure in the NMR spectrometer operation, before a 

spectrum is obtained for a sample. Particularly for matters of resolving 

possible small differences in chemical shifts, one must be able to recognize a 

well resolved spectrum, with inherent narrow lines, from field in-

homogeneity broadened spectra. It may be necessary on special occasions 

run a well known standard spectrum under the spectrometer conditions to 

know whether the spectrometer is optimally well set. The transverse 

relaxation time (the FID decay time) observed is a combination of the T2

relaxation time of the protons due to their spin-spin interactions (limit of 

natural line width in spectroscopic terms) and the dephasing effect on the 

XY magnetization due to field in-homogeneities. It is usual that the inherent 

natural line widths are much smaller than the extent of remnant field in-

homogeneity present with the best possible shimming conditions. This 

transverse relaxation time is referred to as T2 so that 

                                            1/T2  = 1/T2 + 1/T2   
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The spectra with 1/T2 is obtainable from the spectrometers and the line 

widths of single well resolved NMR line could be much less than 0.2 Hz 

with the currently available NMR systems. Thus, even after the FID has 

completely decayed, it is possible that the spin system still has the XY 

components available to recover if at any stage the effect of in-homogeneity 

is overcome. This kind of consideration has given rise to the discovery spin-

echo formations. Even after the complete decay of the FID monitored, it is 

possible to reverse the decay caused by the in-homogeneity by applying an 

appropriate pulse, and an echo of the NMR signal can be observed.  The 

decay due to the inherent T2 (due to spin-spin interactions) is not reversible. 

Thus it is necessary to have the condition T2 >> T2 . Thus during the  T2

time duration there could be several T2 time-slots, and at the end of every    

T2 time-slot the magnetization evolution trend can be reversed to get 

NMR signal. This phenomenon is the multiple echo formation. The spin 

echo pulse sequence is illustrated in animated sequence in the Video with 

6_NMR_SpinEcho_Pulsesequence.WMV   in the YouTube video-

playlist referred to earlier. It is also to be remarked at this juncture, that the 

solution state spectra are High Resolution spectra (Fig.6), in the sense that 

the multiplicity patterns due to proton spin-spin interaction are well resolved; 

and, so well displayed in the spectra to enable a measurement of Chemical

shift of each equivalent set of protons, and the spin-spin coupling constants 

7_NMR 

 in the Video playlist; in this video, certain 

parameters related to spectral line shapes and spectrometer settings have 

been  explained). The extent of resolution obtainable is indicated by the FID 

time constants which are determined by the transverse relaxation times. 

Invariably even in the most recent models of the Spectrometers the in-

homogeneities in magnetic field is the determining factor for FID time 

constant and amenable to operators through the magnetic field shimming 
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procedures. The protons inherently have much longer relaxation times and 

thus the spectra in principle can be much better resolved than what is at 

present possible, provided technology provides for much better shimming 

and reduce the magnetic field in-homogeneities. In fact, reducing the  sample 

volume to a much smaller value than with the 5mm OD sample tubes can 

improve the resolution under a given best shimmed conditions. Sample 

spinning around the magnetic field axis (~20 Hz) averages the in-

homogeneities to enable better resolution. This sample spinning is an 

averaging of entirely a factor external to the sample as much as the

refocusing effect causing an echo after the FID. Spin echo can be observed 

also under efficient sample spinning for averaging the in-homogeneities. To 

show by theory that effect of refocusing finally is an averaging is a simple 

exercise; from the theory point of view it is not much discussed as it seems 

trivial to be detailing the steps. While sample spinning is an averaging in 

coordinate space, the refocusing by - pulse sequence gets into the realms of 

spin space averaging. Thus by the sample spinning, the in-homogeneities at 

the nuclear site are reduced and the nucleus experiences a time averaged

homogenous magnetic field. On the other hand, the in-homogeneity 

experienced by nucleus is unaltered but the spins are made to evolve in the 

opposite sense to reverse the defocusing effect of homogeneity and results in 

refocusing. In both time durations the external in-homogeneity remains the 

same. It is precisely because the in-homogeneity is the same that the

evolution of spins gets reversed so precisely after the - pulse.  

A further consequence of such spin space reversibility is a class of 

experiments called Pulse Field Gradient (PFG) experiment. In order to 

achieve a highly homogenous condition, shimming is an effort to reduce 

field gradients of all orders. The PFG class of experiments consists of 

applying pulses (not of RF radiation, but) of external field gradients to 
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increase the in-homogeneity, when the signals would reduce for a short 

period and then the allowed to appear after the Gradient Pulse. 

During the Field Gradient (magnitudes larger than that can be improved by 

shimming provisions) Pulse, the signal would be rendered below the noise 

level, so that the signal to noise ratio much below the level required for the 

given spectrometer sensitivity. After the PFG duration when the pulse is 

absent, the signal is restored (this aspect requires an explanation, presently 

deferred to the later part of this description of PFG) to the value for 

homogeneous field conditions. Even in the case of a sample with sufficient 

sample (enough number of spins) concentration, the signal to noise ratio can 

be set to such an adverse value that the spectrometer receiver does not get 

any signal. What could be the consequence of such spin state for a short time 

periods, for the spectral content in terms of information for structure 

determination is a matter of considering the evolution of spins during the 

Field Gradient Pulse and the period after such a pulse. This would not be the 

same as the way of considering the RF Pulse effects which tilts the 

magnetization away from the applied magnetic field direction. Because, 

during the Field Gradient pulse, the total magnetization vector (tilted to the 

xy- 

RF Pulse tilts the magnetization, the component of Magnetization along 

magnetic field direction may be zero but the non-zero magnetization vector 

could be entirely in a perpendicular direction. It is at this stage that the 

earlier deferred explanation falls due. As explained for spin echo occurrence, 

the in-homogeneities cause the vanishing of xy-magnetization, and to 

recover this magnetization a reversing pulse becomes necessary. Thus the

PFG pulse itself requires an explanation as to what constitutes a PFG pulse. 

Mostly a PFG pulse applied is in the z-direction (the direction of magnetic 

field) designated to as GZ-pulse. In principle the Field Gradient can be 

applied in any direction, GX, GY, or GZ. The field gradient along Z-axis 
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causes varying precession (precession occurs due to interaction with 

Magnetic field in the Z-direction, which is by definition the Z-axis of the 

laboratory system of coordinates) rates of spins in the sample unlike the 

homogeneous field. This causes the isochromats (components making up the 

net XY-magnetization vector) to diphase rapidly. Hence ensuring that the 

dephasing is complete under the PFG due to the +GZ, adjacent to the 

duration a -GZ, should follow to refocus the vectors as much as in the echo 

formation, but the defocusing and refocusing occur at much smaller 

durations compared to the Free defocusing and refocusing to form an echo. 

Thus a PFG may be considered as the pair  [+GZ: -GZ] subsequent to which 

the vector stands restored. The corresponding Hamiltonian forms can be 

known and described for the consequence of defocusing and refocusing 

operation. The actual pulses field gradient experiments would be dealt with 

later while describing the variety of pulse sequences and the spectral changes 

accomplished. Even though, there is defocusing and refocusing due to pulsed 

field gradients, one should not be considering these in any sense of 

averaging effect, and the consequences on the spin system may not be any 

kind of averaging of interactions, in coordinate or spin space. 

The signal to noise ratio as it is appearing in the spectrum depends on the 

sources of signal and the noise. The noise is inherent from the electronic 

system, the receiver (in which detectors is a integral part). The primary 

consideration is that the signal induced in the sample coil as in the NMR 

probe, must be strong enough. The signal and noise are determined by the 

corresponding amplitudes measured in volts. While the NMR coil itself may 

not be contributing much to the noise, what matters most is what is the 

voltage that is induced by the XY- magnetization of the sample. Magnitude 

of XY-magnetization constitutes the strength of the flux, and the frequency 

of precession determines the rate at which the flux changes. The induced 
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voltage depends on the rate of change of flux (figure-13), which in turn 

depends on the magnitude of the rotating magnetization vector in the XY-

plane and the frequency of rotation. The frequency of rotation (precession 

frequency) would increase with external magnetic field. Magnetic field 

strength would also determine the magnetization vector magnitude by the 

Boltzmann factor that determines the population difference. For a given 

magnetic field strength an increase in number of spins (equivalently increase 

in sample concentration; the consequences on increase in sensitivity differ 

for the two instances of increasing the concentration of sample and

increasing the magnetic field strength) increases the population difference 

between the two energy levels of the proton spin. Sample concentration, and 

increase in spectrometer frequency (external magnetic field strength) both

cause increase in signal. Choosing the spectrometer operation to higher 

values has two-fold advantages; first, due to the increase in population 

difference (increase in magnitude-strength of flux-of magnetization vector) 

and the second, due to increase in rate of change of -flux- that vector). This 

indicates the conditions for optimum induced signal strength. The noise 

observed can change with receiver gain setting, and receiver gain is

increased when the signal detected is generally weak. The modern 

spectrometers have an Automatic Gain Control (AGC) feature which 

optimizes the setting of gain for the given sample in the probe. Thus the 

signal to noise ratio is determined by experimental factors related to sample 

preparation and choice of appropriate spectrometer. 
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Figure-11.  XY- Components of Magnetization: 1. oriented in phase 2. oriented 

randomly 

While increasing the magnetic field strength improves the signal to noise 

ratio, a simplification of the NMR spectrum is possible, as mostly 

encountered in Proton NMR. This has to be related to the ratio of the Spin-

Spin coupling parameter (J in Hz)  for a pair of equivalent sets of interacting 

spins, and the difference in chemical shift (  expressed in Hz) values of the 

equivalent sets of interacting spins . This ratio ( / J) should be nearly 10 or 

preferably more, for the spectrum to be simple in the multiplet appearances 
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to recognize the spin system. On the basis of the variations in the spectrum 

associated with the possible variations in  values, nomenclature has  
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Figure.13: Signal to Noise Ratio: increase with magnetic field due to Boltzmann 

factor and due to the increase in precession frequency with field. 

been prescribed and, well illustrated39, for specifying the spin systems to 

associate with the observable multiplicity patterns. 

As Nuclear Magnetic Resonance is a tool for (electronic) structure 

determination of molecules (relative fixed nuclear positions in the molecules 
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are known by X-ray techniques to a great accuracy), it is necessary to remark 

the following. When, for the same sample, spectra are obtained in varying 

Magnetic Fields the spectrum changes even though, the chemical compound 

is not changed or its thermodynamic state. How an interaction not to be 

reckoned as chemical change brings about a change in the spectrum just by 

physically transferring a sample from one place to another, to place it in 

different spectrometers - all working under the same principles for causing 

transitions and for the detection of resonance.  

The essential difference between the Shielding (chemical shift) mechanism

and the spin-spin interaction is that the Shielding occurs only when the 

molecule is placed in an external magnetic field. The spin-spin interaction is 

integral part of the nature of the spins in the molecule and is present all the 

time not influenced by conditions external to the molecule. In principle, if 

one can device an experiment or by any other appropriate spectroscopic

technique, it should be possible to measure spin-spin coupling constants 

even when no external magnetic field are present. Not only that the spin-spin 

coupling occurs without any external agency, also the spin-spin interaction 

does not get affected by the application of such strong magnetic fields that 

makes the quantity chemical shift expressed in units of frequency increase 

with the strength of the external field. Thus the ratio of the Chemical shift to 

spin-spin coupling constant  (both expressed in the same units Hz or 

ppm) increases with strength of external magnetic field. This aspect was 

explained in PART-A, Section-3, but the emphasis at this point is the 

fundamental difference (Figure-14) between the two mechanisms. This 

difference could be helpful in getting to terms with several novel 

experiments which could be envisaged with the advent of multi-dimensional 

FT NMR technique. A detailed discussion of the corresponding Hamiltonian 
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forms, and the spectral patterns for a variety of combinations of the chemical 

shift differences to the spin-spin coupling constant were considered. To  

emphasize the fundamental difference an observation could be made by 

examining the Hamiltonians of interactions: 

The chemical shift gets the parameter form written in terms of symbol   

from the basic expression    )( /HHgh which includes the field induced 

H included is termed the effective field at the nucleus, which is different 

from the field value H applied externally.  The induced field is proportional

to external field and hence is equated to being a dimensionless 

factor, the magnitude of which is convenient to be measured as parts per 

million of the external field value. Thus is not dependent on H but the 

the effective field increases with H.  On the other hand the spin-spin 

interaction tensor D, consists of isotropic contact interaction part (scalar 

value; trace of the tensor). Since the anisotropic part averages to zero due to 

fluctuations, only the scalar part remains represented by symbol J. The 

interaction Hamiltonian is of the form then J [I1 2] and obviously there is 

no term which contains external field value, and the J called the coupling 

constant is determined by through bond relay of information about the spin 

dispositions. The above distinguishing feature in the mechanism of chemical 

shift and spin-spin coupling constant, and the difference in the dependence 

on the external magnetic field strength makes the simplification of spectra 

possible by increasing the spectrometer frequency, calling for Higher Fields.  

With the varying ratios of /J, and several sets of interacting spins, the 

factors 3 & 4 (the list above of complications in spectra) can be present in 

the spectrum. 
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 Simplifications can come about with double resonance experiments5 when 

these features are present in the conventional spectrum obtained with one 

irradiation frequency corresponding to the proton resonance frequency. The 

spectrometer then would have a provision for the observation of 

conventional spectra and second channel, also having provision to irradiate 

the sample with a second frequency, the second frequency being chosen at 

any point corresponding to a spectral line in the spectrum. The second 

channel is called the irradiation frequency since usually this would be 

applied continuously not necessarily in the pulse form, even if the FT NMR 

technique is the operating mode. While this irradiation is continuous (longer 

durations of time compared to pulse widths) the irradiating power also would 

be high since the second frequency irradiation is intended for saturating any 

particular proton set. In the case of proton NMR- a homo-nuclear double 

resonance  two kinds of experiments are possible. The first kind is an

experiment on the coupled system of protons; the purpose would be to look 

for simplifying spectra by decoupling an interacting set by saturation. Since 

the coupling occurs by through bond interactions, the irradiation is on a 

proton set which is at a distance of one bond to up to three bonds. The 

second kind of experiment is the irradiation of proton set that in the spatial 

proximity not necessarily because the proton is connected by bonds. This is 

the Dynamic Polarization experiment popularly known as Nuclear 

Overhauser effect (NOE) experiment. The spin decoupling experiments of

the first kind results in reducing the complications by specifying which 

proton is coupled to which by the disappearance of the coupling pattern. 

Under varied irradiating power settings, certain other kinds of consequences 

are possible that lead to favorable features for interpreting the spectra. 

However, the spin decoupling experiments are the mostly preferred double 

resonance experiment. The second kind of NOE experiment results in 

intensity changes of protons in the proximity of a given set of protons. The 
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intensity changes are quantitatively measured and the distance estimate made 

possible. The nuclear Overhauser effect enhancements are obtained by 

continuous irradiations in a steady state Overhauser effect condition. And in 

two dimensional experiments a corresponding Nuclear Overhauser Effect 

experiment is carried out by introducing pulses during mixing periods in the 

pulse sequences, and such experiments are based on the Transient 

Overhauser effect.  

5.The Quality of a Recorded NMR Spectrum 

For proceeding to measure out the spectral parameters and try to solve the 

structure, it is necessary that while looking at a spectrum to be able to get an 

impression of the quality of the recorded spectrum. After the discussion on 

the various aspects related to the topic of NMR in practice, there are four 

criteria to be listed out to ascertain for the quality of the recorded spectrum.  

1)What is the resolution and is it optimum, or the best resolution possible. 

2) To what extent it is evident from the spectrum, as to whether the group 

of lines can be categorized as arising from chemical shift differences 

and when is it exclusively a multiplicity arising due to spin-spin 

coupling. 

3)The extent of resolution and the extent of chemical shift dispersion 

good enough for an unambiguous analysis of the spectra. 

4)And, what is the dynamic range for the computer storage of the NMR

spectrum. The dynamic range is relating to the sensitivity of detection, 

signal to noise ratio, and the maximum signal intensity that the 

computer memory can hold without a memory overflow or saturation 

as it would be appropriate. 

These aspects would be obvious if carefully monitored, and lack of 

experience could lead to uncertainties. Important in analysis of the spectrum 

is the stage of identifying equivalent sets of nuclei, coupling patterns and the 
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chemical shifts of sets of protons and the magnitudes of coupling constants30. 

Increasing the spectrometer frequency (means choosing a spectrometer 

working at correspondingly a higher magnetic field strength) enables 

chemical shift dispersion ( chemical shift measured in ppm units being the 

same, as the spectrometer frequency increases one ppm unit would 

proportionately increase if expressed infrequency units). Thus relative to 

spin-spin coupling value (usually measured in frequency units), the chemical 

shift differences in frequency units increase. This simplifies the spectrum for 

analysis. The more recent trend is to look for connectivity information from 

two-dimensional-chemical-shift-correlated spectroscopy, to assign coupling 

constants and chemical shift values to interacting spin systems. In short a 

thorough familiarity with analysis of first order and higher order spectra is 

necessary11,12 and exercise with A2, AA , AB, AX and the corresponding two 

spin patterns would be helpful in recognizing patters of multiplet patterns of  

system with more than 2-spins. A two spin system is the simplest of the 

coupled spin systems and the range of spectral patterns one obtains from the 

AX to AB to AA  to A2 is not simple to explain; it involves all the way from 

a simple classical dipole-dipole to quantum mechanical mixing of energy 

levels and the corresponding selection rule consequences, and the variation 

in transition probabilities due to mixing of Eigen functions. Hence in the 

following paragraphs more details of this system of coupled spins are 

described. The consequences to the multiple-spin (more than 2) coupled 

systems would possibly be tractable on the basis of the discussion on two 

spin-systems. 

The operator forms and the corresponding principles of quantum mechanics 

which explain the differences between the coupled spin systems, chemically 

equivalent sets, magnetically equivalent sets, is all a matter of college level 

exercises in a course in quantum mechanics.  It is necessary to be thoroughly 
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conversant with this aspect, to further grasp coherence order, multiple 

quantum  coherences, and the necessity to transfer coherences from one 

order to another so that any particular specified order of coherence can be 

observed under the given selection rule constraint that only the first order 

coherence is (allowed transition) detectable. And, soon after the preparation 

pulse, the magnetization is brought to XY plane from Z-direction means that 

only the first order coherence signals are available for detection. After that 

pulse (usually during a 

more than one pulse) would cause (generate) all the other possible coherence 

orders for that spin system be available and then by appropriate coherence 

selection pathway31,32,34,35,  a coherence order not detectable- would have to 

 into a first order coherence

information generated as the undetectable order of coherence. One of the 

popular two dimensional experiments is the correlation spectroscopy, where 

in it is the presence of spin-spin coupling in the system which enables the 

information retrieval by off diagonal peaks in homo nuclear case, the name 

in general is the spin connectivity features in the two dimensional FT NMR 

spectroscopy. This importance19.20.21.22  of spin-spin coupling is to be realized 

and enough effort must be put in to familiarize with the quantum mechanical 

perspectives related to the spectral features. This would enable getting well 

equipped with the necessary tools of analysis for the FT NMR technique to 

be used for structure determination. 

It should be possible to infer about all the interacting spin systems and if 

necessary enable devising experiments or choose from already existing list 

of experiments to enable the complete assignment of the spectral parameters 

(chemical shift and spin-spin couplings) to the appropriate nuclear 

subsystems in the chemical molecule. Unless this assignment is 
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unambiguous, it may not be possible to infer on the electronic structure. The 

geometry of the molecules can be determined even for macromolecules to 

visualize three dimensional structures, from the current trends of 

experimental results from NMR measurements. Such a quality of NMR 

spectrum would reveal the importance of the J-coupling and the 

consequences of its presence for the variety of pulse sequences and the 

advanced NMR experiments, without the possibility of the spin-spin 

coupling, most of the effects that arise in the NMR experiments would not 

have been possible. In fact it should be possible to find the role of spin-spin 

coupling in complicating the spectral features and minimize the 

complications by pulse sequences and double resonance experiments. This 

way of knowing the presence, and specifically eliminating them by certain 

designs, enables unique and unambiguous assignments. So that NMR 

experiments infuse more confidence in the users for structural determination. 

And, there are databases and empirical calculation methods for getting input 

parameters for analysis if one begins with a guess structure. Experimental 

chemists may not be grasping the significance of the spin-spin coupling, but 

the data base can enable an analysis and reasonably good explanations. It is 

necessary to be aware of the role of J parameter for an efficient use of the 

NMR experiments.  One of the advantages of the two dimensional spectra is 

the cross peaks (off-diagonal in homo nuclear correlated spectroscopy) 

indicating the coupled spins. This connectivity information is helpful in 

analyzing the spectra and to improve the quality of one dimensional 

spectrum. When multiple spin systems are present, multiple quantum 

coherences can be generated (in presence of appropriate non vanishing 

coupling parameter). It would be possible to design pulse sequences to 

enable filtering of the required order of coherence and highly selective 

information can be obtained in a complicated and crowded spectrum as in 

the case of Biological macromolecules. Such are the sequences and NMR 
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experiments which currently enable three dimensional structure 

determinations of macromolecules in solutions. Depending on the medium 

characteristics in vivo conditions could be simulated in an in vitro

experiment. With appropriate instrumental provisions in vivo studies and real 

time monitoring of biological processes become possible. 

Figures 13 to 17 contain the required basics well illustrated and described for 

the criteria to know and assess the quality of spectra. In summary, an insight 

into the actual utility of information for structure determination is gained by 

the appreciation of the role of the spin-spin coupling (measured as J Hz) and 

the consequences of Quantum Mechanical methods necessary to ascertain 

the various spectral features in the context of multiple spin couplings. The 

simplest two-spin interactions discussed in full detail should pave the way 

for n-spin interactions. Coherence is entirely a quantum mechanical 

manifestation and there have been considerable effort thus to describe 

coupled spin systems by unconventional (non classical) vector diagrams. In 

particular the evolutions during the pulse and during the delays following the 

pulses are describable with judicious combinations of classical and quantum 

mechanical terms. The main part of the Hamiltonian of two spin system is 

the individual spin Zeeman term followed by the spin-spin interaction term J

IA B. The IA B operator in turn has the IAZIBZ which commutes with the 

Zeeman Term (and hence classical descriptions are amenable), and the   

½(IA+IB-+ IA-IB+) term which does not commute with the Zeeman Terms. 

Thus when the energy level differences are small this term mixes the Eigen 

functions and causes quantum mechanical aspects to predominate while 

explaining the experimental consequences.    
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More illustrations and comments can be found in the PowerPoint 

Presentation file made for exclusively depicting the consequences of J 

Coupling. Precisely because of such quantum mechanical predominance, 

multiple quantum coherences (Figure-18) become explainable and further 

selection of appropriate coherences. Filtering by use of such coherences to 

simplify the spectral appearances and other variations in experiments 

become possible. The kind of experiments called sensitivity enhancement of 

the rare nuclei signals by population transfer from more abundant nuclei 

(protons) require the comprehension of energy level diagrams of coupled 

spin system and the principle of equilibrium between the rare nuclei and the 

abundant nuclei. In the hetero nuclear double resonance class of

experiments, the spectral editing or the attached proton tests and the 

experiments named Distortionless Enhancement by Polarization Transfer are 

useful to extract detailed spectral information related to structure of 

molecules. With the basic aspects described in detail hitherto, further efforts 

to explain and provide insights into the theoretical and experimental aspects 

can be found in the books31, 34, 35, 36 cited in references. Animated PowerPoint 

presentations40 can be helpful in trying to grasp the significance of 

Magnetization and Coherence. These to be more quantitative in treatment 

would require differential equations set up for the time evolution of density 

matrix of spin systems using the product operator formalisms. The solutions 

would lead to the proper descriptions and quantitative expressions which are 

the discussions found elaborately in the text books cited as references on this 

subject. How the classical descriptions would fail in the case of two coupled 

systems and necessitating quantum mechanical descriptions are not dealt 

with in so much in detail in the books cited in the references as in the present 

context. 
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However this much detail seems a necessity when experiments available are 

increasing in number and the advances in theory and technique rapid; 

particularly for a novice in NMR but aspires to grasp the potential of this 

technique. Without spending much time on learning the basics current day 

state of the art is such, the NMR can be reasonably well applied by several 

for structure elucidation from small to macro molecules. However, while 

teaching the subject, emphasis can be different than while applying the 

technique as a tool. 

By the consideration of transition between two levels,  = +1 corresponds 

to a transition during which angular momentum increase by one unit. 

-1/2) state is the higher energy level. 
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absorption of one photon, correspondingly causing a -1 (decrease in 

one unit of angular momentum) transition. A transition characterized by an 

increase in angular momentum by one unit  = +1 would involve an 

emission of photon. The absorption or emission, either of the two occurs 

only when there is a radiation field; that is, electromagnetic radiation 

induced transition. The criterion is that the photon energy should correspond 

to difference in energy levels and such a photon radiation can cause either 

absorption or emission. This is the single quantum coherence41 (a) (in the 

cited reference illustration in slide#9) caused by the presence of photon. 

When higher power pulses are applied, then the transition probabilities are 

larger; hence, it is possible observe the free induction decay, which is 

essentially the presence of XY  magnetization41 (d) for time durations longer 

than the radiating (pulse durations) times. 1, presence of one 

photon is necessary; or in other words, it is a single photon 

induced process, if there is higher order coherences, then the difference

between such multi spin energy levels would be more than one photon 

energy of 

level transitions would correspond to two photon energy at the single photon 

transition energy radiation. The creation and detection of such two photon or 

double quantum transitions would differ technically from the spectroscopy 

point of view. And, consequences of the evolution of spin systems in the CW 

regime and in the pulsed regime would be different and the advantages of 

pulsed transient detection technique is known by the way more and more 

such experiments are routinely applied currently. -

 n coherences when selected and detected, 

would consists of finger prints of that set of n-spins which are coupled and 

not the other spins in the system. Thus an n-quantum filtering can enable a 

great simplification in an otherwise a complex spectrum. An analysis is 

facilitated with simulations using equations derived by applying quantum 
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mechanical formalisms since classical vector visualization and reaching out 

for spectrometer settings may not fetch much information or effective 

simplifications. It is necessary to start appreciating41 (d) (in the cited reference 

in slide#5 an introductory illustration depicts the distinction between single 

quantum coherence and population difference) this trend from the double 

quantum case of two spin systems. The situation of coupled spins is so 

simply stated most of the time as thumb rules to apply and it is sufficient 

enough to go about using the current advanced NMR experiments which 

reveal much about the structure of molecules. However, when it is a question 

of grasping the basic aspects to go beyond what is already available as 

packages and prescriptions, one has to enquire how and why of every aspect 

of evolution of spins under external and internal perturbations. Some of the 

PowerPoint presentation40 files can bring about the complexity in such a way 

that one knows how the preoccupation with NMR as tool for structure 

determination can lead to which basic principles have to be grasped better 

and require more attention. While considering the evolutions40 in it may be 

worth the while to consider the requirements for uncoupled and coupled 

situations as elucidated in fig-19 and schematic vector representation in fig-

19a, and fig-20. 
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PART-C:  ANALYSIS, ASSIGNMENTS & STRUCTURE 
DETERMINATION 

The Bruker compilation42 cited as reference has all the experiments that the 

spectrometer can be set to with the corresponding acronyms and conditions. 

This also gives the experience of referring to manuals provided along with

the installed NMR instruments. The spectral analysis is the process by 

which, soon after obtaining the spectrum, it is aimed to sort out a list of 

distinct chemical shifts, and the coupling constants by recognizing the 

multiplet lines and their characteristics from the spectrum. Once such a list 

could be made, then it must be ascertained as to which are the nuclear sets 

that interact with another set by finding the chemical shifts of interacting 

nuclei and the coupling constant. In this process several experiments may be 

necessary to come out with an unambiguous list, when the chemical shift 

parameters and coupling constants get assigned to the appropriate nuclei. 

From the guess structure of the unknown compound if a characterization 

could be possible as to the names of the pattern (classification11 of proton 

spectra) the analysis and assignments can concomitantly progress 

simplifying the procedure of structure determination.  

There are well compiled databases and tables of chemical shifts and coupling 

constants referring to the functional groups and possible variations in

electronic structure as compared to the typical chemical molecules. And 

these are cited in the references42,43,44,45 which are internet resources and 

some of these are graduate level NMR course contents with lecture- notes 

also made available. Thus after the reading through Parts-A and Part-B, a 

good grasp of the intricate NMR spectroscopic aspects should be within the 

reach so that what are the basic science subject-knowledge is required would 

be evident for mastering NMR technique and effectively apply. These 

internet resources have most of these mentioned but not dealt with as much 
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in detail as in the above two parts. What an NMR practitioner would 

eventually know as experience is gained has been mentioned preemptively 

which makes the online resource materials more readable. This perspective 

is an unusual trend but in the present context this trend is opted here in and 

which may give an impression of several repetitive contents are included. 

The initial effort is to get a glimpse of the spectrum and ascertain to the best 

possible extent the various multiplet patterns that may be present in the

complex spectrum. Then the next step is to look for the possible sets of 

coupled proton systems which can account for these patterns so that the 

appropriate chemical shift assignment also become evident. This is what 

experience NMR analyst can routinely and quickly arrive at and the further 

details and complications have to be simplified by spectral simulations with 

quantum chemical computation of chemical shifts and referring to already 

available database and tables compiled and reported in NMR books which

were referred to during the textual descriptions and examples have been 

included as Table-1 to Table-4 in Part-A. For this a beginner has to go 

through certain exercises for which several authors have made compilations 

of example and made it available as internet resources. The beginners may 

have difficulties about recognizing these resources for which it is necessary 

-30 at the 

end, there are three internet resources which were found adequate for 

beginners; also note the remark about author and authenticity of the resource. 

But just on this count it is not necessary to ignore these materials, but if 

found useful secure them with appropriate precautionary remark. In these 

days of information explosion, there would be abundant resources of this 

useful variety made available. Ref-30(a) is an explanation of the chemical 

shift scale and the coupling patterns in the spectra. Ref-30 (b) lists out what 

to look for in the spectrum with illustrations. Ref-
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PowerPoint slides, consisting of details of the analysis of NMR spectra with

chemical systems, actual spectra and simulated line spectra. The Ref-41 

consists of 5 video movies available for download from internet and these

take the aspirant step by step from FT NMR description to small molecule 

spectrum from which how the macro molecular NMR information is 

compiled to recognize various peptide residues and the protein structures. 

From these a reasonably good familiarity should be possible for the concerns 

on structure determination. Eventually depending on access to NMR 

spectrometer systems, an insight into the 1D,  2D, and 3D experiments can 

be gained that are used for the three dimensional macro molecular structure 

determination. References 42-50 are lists of Courses offered in Universities 

on NMR Spectroscopy which are well documented with course contents, 

lecture notes, exercises, solved problems and illustrations of several aspects. 

Also some of these resources (Ref-43) contain animations to explain the 

consequences of the pulses and magnetization evolutions. The book44  cited 

in the references contain one of the recent publications which essentially is 

intended to describe the recently advanced NMR experiments of the 1D, 2D, 

and 3D technique meant for bio-molecular NMR. 

In figure-22 is included typically an exercise to demonstrate. The molecule is 

a simple molecule ETHYL BENZENE. For which the Geometry 

optimization by computational chemistry software resulted in equilibrium 

structure which was subsequently submitted for chemical shift calculations. 

In Fig- 22(c) find the image of equilibrium structure and the plotted chemical 

shift values. As is remarked, the methyl protons are in gauge disposition and 

in time independent equilibrium state there are 2-chemical shift values for 

methyl group protons due to the geometry. In reality the metyl group is 

under going fast rotaion about the C-C single bond and on a time average all 

the three protons have the same average chemical shift values. Thus the 
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calculated values of the methyl proton chemical shifts are averaged and thus 

making all the three protons as magnetically equivalent set, and J value of 

7.6 Hz was used as typical for the vicinal coupling as inferred from standard  
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tables. The J couplings are typically dependent on local electronic structure 

as information through bonds and may not vary in such relative magnitudes

like the chemical shifts from one molecule to the other in a series of 

compounds. 

The next is an example of using a semi empirical MO calculation to illustrate

how one can derive information from NMR. No reference to experimental 

spectra  are made below.  On the LHS is the cluster structure made up of 11 

water molecules. Whether it is before, or after the Geometry Optimization, 

and even the snap shot views during a molecular dynamics simulation  all 

are static dispositions and no time dependence of coordinates. At every 

instance the coordinate of the set of atoms remain fixed during the 

calculation of the numerical value by QM/MM calculations. In a GO 

structure sequence, the static situation of any stage is derived from the 

previous static values of coordinates sometimes by imperceptible 

differences. In the structure above the cluster has been subjected to the 

energy minimization by a semi empirical QM method. 

The PMR spectra on the RHS are are obtained using the Chemical shift 

values calculated by QM ab initio method, the plots are obtained with the 

same soft ware tools soon after the calculation. The plot below and above are 

with the same set of chemical shifts but differ only in the value of width of 

individual lines. When the LW value is 0.001 ppm the upper trace is the 

result which is almost a stick plot. For the lower plot the value of the LW

parameter has been 0.1 ppm, by a factor of 100 larger. This width value 

results in a broad line shape, so broad that the individual lines which 

contribute to this band shape cannot be distinctly seen. Since these are 

theoretical structures no specific mention can be made as to whether such a 

cluster would in condensed solid/liquid phase or it pertains to a gaseous 
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phase distribution. 

The broad line spectrum resembles a solid state spectrum, but the NMR 

experiments for line narrowing cannot be a consideration in this context 

since while varying the line width parameter by a factor of 100, no 

mechanism is specified for the origin of the line width. And all the line-

narrowing experiments are based on the mechanism that causes the line 
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broadening. In solution state at room temperature, the fluctuations in motions 

can be reasonable enough to obtain narrow HR spectra.  

The purpose which the above two spectra serve is that, while the average 

chemical shifts for the set of protons are obtainable by a simple averaging of 

the chemical shift values, summing the chemical shift values of the all the 

distinct lines and dividing by the total number of lines, since every proton 

has a distinct chemical shift with intensity corresponding to one proton. The 

number of lines in the spectrum would correspond to the actual number of 

protons in the system. Exception being, the centrally placed line at 1ppm 

which has twice the intensity as compared to the others, two protons giving 

rise to same chemical shift and hence at that value the weight would be 2 

where as for all the remaining proton lines it would be one. 

For the ,lower band spectrum ,  a first moment calculation would be the 

procedure  which is defined by integration of the area and can be easily 

evaluated by a numerical integration procedure and in the figure above it is 

enumerated. 

Indications to inter molecular interactions:  from the QM PMR 

chemical shift calculations. 

 At the far-off intermolecular distance ranges, the two molecules remain 

unaffected by the presence of the other molecule as can be noted from the 

calculated chemical shifts of the combined molecular system. However, 

subjecting the molecular system to Geometry optimization for the energy 

minimization criteria, does result in a sequence of structures in which 

noticeably the intermolecular distance to become smaller to result in energy 

minimization of the combined system. The starting input structures seem to 

show possibilities of energy minimization, even if the molecules are so far 

apart that the spectral features of the combined system do not indicate any 



Page 106 of 123 

differences in value. Thus the system of molecules, from the stage where 

energy minimized dispositions from iteration to iteration. When the possible 

minimum energy for the combined system obtained, the two molecules do 

not display much tendencies for forming conventional chemical bonds and 

result in reaction products. The differences in the spectral parameters, the 

proton chemical shifts calculated in the present study are significant and the 

spectral patterns also change significantly. Thus when molecules get closer 

due to the translational degrees of freedom, the equilibrium geometry of the 

molecules undergo changes consequently the equilibrium geometry-based 

rotational and vibrational characteristics can change.  

  

It has been recently reported that real time tracking of changes in molecular 

geometries could be possible by femto second time resolved techniques. This 

would mean that if during the translational diffusion, the molecules would 

have to remain unchanged for time scales of femto second ranges. This 

would require the characteristic motional correlation times would have to be 

larger than the femto second time scales. Possibly by NMR relaxation time 

studies it is known that the translational diffusion times of typical small 

molecules are of the order of tenths of pico second. Thus this is an indication 

that while averaging spectral parameters of instantaneous intermolecular 

distances during molecular diffusion, instantaneous equilibrium geometry 

could be varying and the averaging cannot be simply with a distance 

dependence of unaltered equilibrium geometry.  The some requirements for 

the time averaging techniques of NMR chemical shifts were the subject of 

study at the IBS200654 and IBS200755 : 

  http://www.ugc-inno-nehu.com/IBS2006-sa.pdf  

  http://www.ugc-inno-nehu.com/IBS2007-sa.pdf
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It is obvious that the confident handling of the bio molecule motions would 

require inputs from the study of smaller chemical molecules. 
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QM Calculations of PMR shifts in Aid:  when structure determination is 
ambiguous 

T

NMR spectra - -

been not straightforward in particular with biological macromolecules. The

organic molecular polymers are included among the category of 

macromolecules whose structures have been characterized by NMR 

spectroscopy by Heatley and Bovey (2). Among these, the specific instance 

of Polystyrene stands out as a typical case where the backbone proton NMR 

spectrum of isotactic polystyrene lends itself for  an exact simulation but 

only by invoking a cyclic (dimeric-) structure presenting 6 spin system, 

that structure which is stated not to be taken too literally. Such a fictitious 

structure makes possibile the inclusion of certain spin-spin coupling 

constants for simulation which, otherwise, is not simple enough to infer. 

Obviously these Spin-Spin interactions occur by mechanisms 

transmitted through bonds , and it is surprising that a structure which is 

 through-bond routes by which the exact 

simulation of the observed NMR spectra. Hence, it was considered 

worth the while, trying to find out the possibility of the stability criterion for 

a dimeric Styrene with the possible QM methods by Geometry Optimization 

and verify with the calculation of the chemical shifts for such a dimer. A 

thorough literature survey of the possibility for the occurrence of such 

dimeric structure of styrene molecule was not be undertaken lest those 

ab initio Calculations.  There have been reports earlier on Biological 

molecules extensively using merely the SCF method with STO 3G basis sets, 

calculating mainly using the Specifically varied fixed geometries, inferring 

on the environments in biological systems; and, no detailed potential energy 
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surfaces were profiled. Only limited structures and resulting plots were 

seemed to enable quite a lot to infer. Hence, a similar approach using the 

Abinitio SCF method with the STO 3G basis set at the working online-demo 

version of the http://www.webmo.net   certain convincing trends arrived at. 

The progress of such Optimization calculations could be conveniently 

displayable material, which can be downloaded at any convenient terminal 

for a review. This case study and its convenience have been indicted56  along 

with the simulated Spectra and Optimized Geometries in Figures 26, 27, 

&28.  

Chiral discrimination by NMR Spectroscopy is currently developing and the 

utility of this technique is reported56,57 in recent publications. 
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books-about-nmr-esr-and-nqr ) 
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enabled self-learning.
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6.K.Mullen and P.S.Pregogin, Fourier Transform NMR Techniques, A 
Practical Approach. Academic Press, London-New York (1976).

7.   M.D.Grand and R.K.Harris, Eds., Encyclopedia of Magnetic  
      Resonance, Wiley, Chichester, (1996). 

8.  A play list with the list name  has been created in the 
YouTube

http://www.youtube.com/user/aram1121944/  which consists of 12 
video files uploaded all on NMR technique and the Spectroscopic 
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aspects. The link URL: 
https://www.youtube.com/playlist?list=PL158BAC87668F5D5A
would display the videos in the list to click and view. These videos 
have been arranged in a sequence starting from the elementary 
definitions to the NMR (for structure determination) of biological 
molecules, the mathematical concept of Euler expansion for complex 
numbers explained for its geometric significance (this is a basic 
expansion used in any spectroscopy particularly using the EM 
radiations)

.jpg 
pictures drawn by this author. Going through these videos (each of 
them about 10 minutes duration) in the same sequence as they are 
found in the play list can be helpful illustrations clarifying the points 
in the discussions on NMR. Certain aspects explained in these NMR 

above, with the associated textual material to the context. 
"One particularly appealing feature is the fact that the operators have a 

clear physical meaning and that the effects of pulses and delays can  
be  thought  of  as  geometrical  rotations, much in the same way as 
we did for the vector model in Chapter 3"  by James Keeler.  
http://www-keeler.ch.cam.ac.uk/lectures/Irvine/index.html                                   
AS mentioned by James Keeler in Chapter 6   

http://www-keeler.ch.cam.ac.uk/lectures/Irvine/chapter6.pdf   
Find in Slides Number 2 & 3 of NMR Video the "Pulse Experiment"; and 

the corresponding rotation operators are indicated 
            

https://www.youtube.com/watch?v=cGnEjB5UIsc&index=4&list=PL
158BAC87668F5D5A  

Also see in item #3 in this list of suggested reading. 

9.  The article of this author published in the International Journal of 
Recent Development   Volume 4, 
Issue 8, August 2015 could be useful in knowing about the advantages 
of using the Information Technology tools in self learning. 
http://www.ijrdet.com/Volume4Issue8.php   

     http://www.ugc-inno-nehu.com/IJRDET_0815_05.pdf  

     
   10.    http://www.ugc-inno-nehu.com/NMR-article/sp-ref-list.doc
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Preface 
 

These presentations included in this volume (from the year 2006) 

on small molecules related to biology and biological macro 

molecules at the annual meetings of the Indian Biophysical 

Society-IBS, and the Chemical Research Society of India-CRSI, 

are mostly on the calculations of induced secondary fields using 

classical magnetic dipole model; and by quantum mechanical 

abinitio methods for comparison. Essentially the NMR shielding 

parameter for proton nuclei, the chemical shift has been 

calculated by the classical and QM methods on a variety of 

biologically relevant small molecules. While the QM molecular 

orbital calculations have been more or less a routine matter using 

DFT formalism, B3LYP methods with Gaussian basis sets, the 

purpose of these presentations have been to emphasize on the 

importance of classical point dipole equations, firstly because the 

classical equations appeal to the beginner’s ability to grasp the 

implications of induced field variations based on the nature of 

electronic structure around protons in the molecules. 

Such types of classical appeal have been in existence since a long 

time ever since H.M. McConnell showed that these classical 

dipole field equations can be derived as special case from the 

Quantum Mechanical equations for magnetic field shielding 

parameter. But,  since chemical researchers have been using the 

scalar, orientation independent proton chemical shifts, the 
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advantage of the full tensor form was not much investigated. As 

the solid state NMR techniques became popular, experimental 

measurements of anisotropic chemical shift values were possible 

in several contexts. As can be seen in Annexure, for the possible 

clarifications as quoted below, the full tensor form of the 

chemical shift was used for the important result. 

 

 

 

If the full tensor form of the induced fields can be calculated, 

besides the fact that the entire orientation dependence of the 

shielding becomes amenable for interpretation relating to the 

molecular structure, the scalar isotropic value can be easily 

calculated by taking the trace of the tensor value which is relevant 

for solution studies. The aromatic ring current effects on proton 

NMR had gained importance by that time in biological systems; 

these ring current effects are mainly important because of their 

orientation dependences. And, it was also to be pointed out to 

students that classical equation can be used much simply with 

even a pocket calculators in several contexts and for chemists the 

implications are evident on the anisotropic induced field 

distribution. The effort in these presentations have been to appeal 

to beginners and to enable there indulgence on these types of 
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calculations in their leisure hours to appreciate the potential of 

full tensor forms in the context of structure determination by 

NMR methods. The detailed documentation on these 

presentations has been posted in the internet in the author’s 

personal web domain, the internet space is owned by this author 

by regularly renewed subscriptions. And these Web Page URLs 

can be obtained from the links in the main domain top page: 

   http://www.ugc-inno-nehu.com/ 

The usual domain webpage naming format has been typically as 

below for the conference events in the year 2015. 

http://www.ugc-inno-nehu.com/events-2015.html  

most of the yearly documentation has been made with such 

format and within that page all the events for the corresponding 

year (2015 in the above case) are included. An under stroke in 

place of hyphen had been in use for the Web Page name-format 

earlier days. Where ever it is necessary, the internet resource has 

been cited in the texts of the presentation. 

Prof. S. Aravamudhan 
North Eastern Hill University 

Dated:  
The Shillong Saturday, 

17 December 2016 
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These collected papers illustrate the use of MS OFFICE applications and 
several  software for QM Calculations, Simulations, and seeking trends in 
calculated physical quantities so that research scholars can conveniently 
spend the time at their desktop/Laptop PC units to learn and consolidate 
their experiences with advanced, expensive workstation source programs 
and software; the example in these has been from Biophysics in particular 
induced fields/NMR chemical shift of small and macro molecules of 
biological relevance. There are about three papers on the more general 
aspects of education and scientific methods. 
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Poster Sheets layout 
 
 
 
 
 
 
                                                                                                                                                                                                                                                       
 

The poster sheets displayed were of each Size-A4 paper and in the 
following pages the above sheet-contents were re-distributed to be 
held in 25 sheets to comply with printing format for the book .                                      
 
 

SHEET-1 SHEET-2 SHEET-3 SHEET-4 

SHEET-5 SHEET-6 SHEET-7 SHEET-8 

SHEET-9 SHEET-10 SHEET-11 SHEET-12 

SHEET-13 SHEET-14 SHEET-15 SHEET-16 
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An Indicator to the Contents of Each SHEET of the poster 

 

Sheet_1:   Abstract  
Sheet_2: Index 
Sheet_3: Molecular and Laboratory axes systems which 
are relevant for calculation methods when the motions in 
macromolecules are recognized as interdependent or 
independent motions locally and globally 
Sheet_4: Diagrammatic illustration of the possible motions 
of the aromatic ring and the protons in the neighborhood of 
the aromatic ring 
Sheet_5: Further details and explanations for the motions 
referred to earlier and depicted [in Sheet_4].  
Sheet_6: The equations and the methods used for the 
chemical shift calculations which are essentially a 
calculation of induced fields due to aromatic ring currents. 
Sheet_7: Aromatic ring Susceptibility as the Benzene ring 
Susceptibility Tensor; Some shift values calculated using 
this tensor for certain specific contexts to familiarize the 
methods and tabulations in this context; Further indications 
and comments on the motions and the consequences on the 
induced fields at protons due to the ring current effect. 
motions in the system and their corresponding displays as 
rotation patterns to become conversant with the required 
visualizations for applications 

 

http://aravamudhan-s.ucoz.com/inboxnehu_sa/IBS2006/ForIbs2006.html  
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An Indicator to the Contents of Each SHEET of the poster 

 
 

 

Sheet_8: A typical graphical display of the calculations using the 
Tensor Form equations; isotropic shift values to be compared 
with already reported values in literature; these values are for the 
proton-ring centre distance of 20 Angstrom. Values for a distance 
of 5 Angstrom can be obtained by multiplying the induced field 
values by 64 since the distance is reduced by a factor of 4; the 
shift values are inversely dependent on [distance raised to the 
power of 3 ]. 
Sheet_9: More elaborate tabulation of calculated results to 
become familiar with the reading of reported data for purposes of 
applying for the cases of vibrations and torsion motions. 
Sheet_10: A graphical display of the results in the form of a 
rotation pattern for appropriately interpolating and reading out 
values for specific motional situations. 
Sheet_11: A specific hypothetical case of how the Tensor Form 
can be useful when the isotropic values cannot be indicative of the 
motional state of the system. And further results as captions for 
graphical plots in the subsequent sheets. This sheet contains the 

main conclusions which resulted from the Calculations made 
at this instance of IBS2006 
Sheet_12 to Sheet-16: Different variations of considering the 
Different variations of considering the motions in the system and 
their corresponding displays as rotation patterns to become 
conversant with the required visualizations for applications 

 
 http://aravamudhan-s.ucoz.com/inboxnehu_sa/IBS2006/ForIbs2006.html  
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From Contents of Poster Sheet-1 

AROMATIC RING CURRENT SHIFTS:  
Implications for Conformations in Presence of Local and Global 

Torsional Motions With Respect to a Site in Macromolecules  

 
S . A r a v a m u d h a n  

D e p a r t m e n t  o f  C h e m i s t r y  
N o r t h  E a s t e r n  H i l l  U n i v e r s i t y  

P O  N E H U  C a m p u s  M a w k y n r o h  U m s h i n g  
S H I L L O N G  7 9 3 0 2 2  M e g h a l a y a  

s a r a v a m u d h a n @ n e h u . a c . i n   
 
 

The aromatic ring current shifts are useful in certain contexts 
to infer the proton locations with respect to the aromatic ring 
present at a specified site within a biological macromolecule. 
But, there have been ambiguities in applying this method when 
it was found that the procedure and equations can be applied 
for using the calculated ring current shift values on the basis of 
the geometrical specifications. Since in solid crystals only 
fixed orientations are encountered, the sensitivity of the 
isotropic ring current shifts (presuming a localized free-fast 
rotation of aromatic ring in the solid matrix) can be good 
enough by taking into consideration the possible range of 
variations in torsional angles. But, if it has to be applied in 
solution state the considerations are different due to the fact 
that there should be an explicit averaging of shift values 
corresponding to the displacements during torsion motions. 
Considering the uncertainties reportedly encountered in such 
contexts, an effort is being made to find out the possibility of 
improving the efficacy of the ring current shift applications by 
calculating the full tensor form of the aromatic ring current 
shifts instead of using only the equations given for the 
isotropic values of the ring current shifts. 
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From Contents of Poster Sheet-1 
 

 One of the striking instance of possible improvement 
would be due to the fact that, the isotropic shifts are non zero 
only if the susceptibility tensor is anisotropic (-49 x10

-6
) as in 

the case of Aromatic Ring. There could be similar 
contributions also from other groups but with “much less 

anisotropy” whose contributions to isotropic shift values 
would be negligible. This is the reason always aromatic ring 
current is considered predominantly to contribute by the 
“through space” magnetic dipole model.  

It may be possible to find that the trace value range is much 
less than the range of variation of ‘xx’ ( a generalized reference to 
the component along the magnetic field direction) component by 
the full tensor calculation. Thus the sensitivity can be better for 
fixing the coordinates. When the motions are not fast enough, 
then the isotropic “averaging” over all orientations may not be 
applicable. The isotropic shift equation requires that during the 
motion the proton position remains unchanged in the Aromatic 
Molecule Fixed coordinate axes system. If the proton is not in any 
way fixed by chemical bonding relative to the aromatic system 
but there is a relative motion of the aromatic frame work and the 
radial vector of the proton with respect to the six-fold symmetry 
axis of the aromatic ring, then the equations for isotropic average 
shifts are no longer relevant but by the full tensor equation can be 
subjected to appropriate coordinate transformations and the full 
shielding tensor can be calculated for the displacements under a 
torsion motion and after from the set of the full tensors calculated 
appropriate averaging can be effected.. 

A simplified “model” calculation would be presented for the 
case (i) when the radial proton vector is fixed with respect to the 
six fold symmetry axis (local motion) and for the case (ii) when 
the radial vector oscillates (global motion) with respect to the six 
fold symmetry axes to examin for the advantages of the 
calculation of Full Tensor over the only isotropic ring current 
shift values. 
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From Contents of Poster Sheet-2 

 

Sheet_1:  Abstract 
Sheet_2:  Index 
Sheet_3: Molecular and Laboratory axes systems which are relevant for 
calculation methods when the motions in macromolecules are recognized 
as interdependent or independent motions locally and globally 
Sheet_4: Diagrammatic illustration of the possible motions of the aromatic 
ring and the protons in the neighborhood of the aromatic ring 
Sheet_5: Further details and explanations for the motions referred to earlier 
and depicted [in Sheet_4]. 
Sheet_6: The equations and the methods used for the chemical shift 
calculations which are essentially a calculation of induced fields due to 
aromatic ring currents. 
Sheet_7: Aromatic ring Susceptibility as the Benzene ring Susceptibility 
Tensor; Some shift values calculated using this tensor for certain specific 
contexts to familiarize the methods and tabulations in this context; Further 
indications and comments on the motions and the consequences on the 
induced fields at protons due to  the ring current effect. 
Sheet_8: A typical graphical display of the calculations using the Tensor 
Form equations; isotropic shift values to be compared with already reported 
values in literature; these values are for the proton-ring centre distance of 
20 A˚. Values for a distance of  5 A˚ can be obtained by multiplying the 
induced field values by 64 since the distance is reduced by a factor of 4; the 
shift values are dependent on [(distance) -3 ]. 
Sheet_9: More elaborate tabulation of calculated results to become familiar 
with the reading of reported data for purposes of applying for the cases of 
vibrations and torsional motions. 
Sheet_10:  A graphical display of the results in the form of a rotation 
pattern for appropriately interpolating and reading out values for specific 
motional situations. 
Sheet_11: A specific hypothetical case of how the Tensor Form can be 
useful when the isotropic values cannot be indicative of the motional state 
of the system. And further results as captions for graphical plots in the 
subsequent sheets. 
Sheet_12 to Sheet-16:  Different variations of considering the motions in 
the system and their corresponding displays as rotation patterns to become 
conversant with the  required visualizations for applications 

http://www.geocities.com/sankarampadi/ForIbs2006.html 
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From Contents of Poster Sheet-3 

 
Characteristics of Susceptibility and the Resulting Shielding when 

the Molecular System Rotates : Consequences of the Variety of 

Time Scales for the  Rotational motion:  When the Diamagnetic 
Magnetic Susceptibility (Tensor) induces magnetic fields the 
resulting induced field would also be a tensor property. The 
Principal (Axes System PAS) Directions of the Susceptibility 
Tensor would not inherently be the Principal directions for the 
induced shielding tensor 
 
                                                                                                                          
                                                                                                                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
http://www.geocities.com/sankarampadi/ForIbs2006.html 

PAS 

Susceptibility 

Laboratory fixed 
Coordinate axes 

System 

Proton 

 Site 

Does this 
system as a 
whole rotate? 

     Case (i) 

Shielding measured as 
chemical shift is always   
(‘zz’ components) along the 
line of magnetic field 

direction 

Or,                            

Only this PAS?                                                                                
Case (ii) 

   

Externally Applied  
Magnetic Field 
Direction 
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From Contents of Poster Sheet-3 
Case (i): The Proton Site is within the molecule, the PAS of 
Susceptibility and shielding are have fixed relative dispositions 
with respect to the Molecular Axes System. In this case, when the 
molecule is subjected to fast istropic rotations, only the 
ANISOTROPIC (In the case of aromatic ring this is the quoted 
value of -49 x 10

-6)
 part of the Susceptibility Tensor results in a 

non-vanishing contribution to the isotropic shielding. Isotropic 
susceptibility tensor results in zero value for the isotropic 
shielding at the proton site.  Case (ii): The proton is located 

outside the molecule and the proton, hence, is not bonded to any 

atoms within the molecule. This is the type of situation which 

occurs frequently in large Biomolecules. When the molecule has 

time dependent motions, the molecular symmetry axes do not hold 

time-independent orientations with the Vector connecting the 

proton to the origin of magnetic moment within the molecule.This 

has been further classified into two cases subsequently as case(1) 

and case(2) 

Case (i) above is the familiar case where at appropriately fast 
rotational motions the ring current effects can be estimated by the 
Conventional Equations for the isotropic Chemical shift 
contributions. In this context it is suggested here that the relevant 
materials in this context may be looked for in the references 
included for the Abstract of IBS2004 as can be found at the Web 
Page http://geocities.com/inboxnehu_sa/NSCMB2004.html These 
references are reproduced below: 

[1] “NMR in Medicine and Biology”, K.H.Hausser and H.R.Kalbitzer, p102, Springer 
Verlag (1991).[2] “Application of Ring Current effects…”,Stephen J.Perkins in 
‘Biological magnetic resonance Vol.4’ p193, Edited by Lawrence J.Berliner and Jaques 
Reuben, Plenum Press(1982)[3] “Investigating the Feasibility …” by S.Aravamudhan 
page 501, Proceedings of the Joint 29th Ampere-13th ISMAR International 
Conference,TU Berlin 1998.[4] Poster presentations by S.Aravamudhan at the Annual 
Meetings of IBS at UOM Chennai in 2002 and at IIT Roorkee in 2003.         See the 
Webpage link http://geocities.com/amudhan20012000/Confview_link.html at the 
reference for Abstract for IBS2005 
http://geocities.com/inboxnehu_sa/NSCMB2004.html 
Some of the yahoo.geocities (closed) domain contents can be found at  
http://aravamudhan-s.ucoz.com/webpages_list.html  



-12- 

 

 
 
 
 

 
 
 

From Contents of Poster Sheet-4 
 

 
 
CASE-(i) Aromatic PAS changes orientation w.r.to Magnetic 
Field, Proton position vector remains fixed w.r.to Magnetic field 
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From Contents of Poster Sheet-4 
 
 

 
CASE-(ii) Only Proton Position Vector Changes orientation with 
Magnetic Field; the Molecular PAS remains fixed in orientation 
w.r.to Magnetic Field direction. 
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From Contents of Poster Sheet-5 
 

Case: 2 Aromatic Ring remains at fixed orientation with respect 
to the Lab. Fixed Axes system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Laboratory 
Fixed 

Z-Axis 

Y-

X-Axis 

ZM 

Y

X

ZM 

X

Y

Magnetic Field Direction 
 (Is along the Laboratory Z-

direction) 

ZM 

Y

X

      PROTON position 
changes in the 
molecule- fixed 

Case:1 Proton position in the Lab. Fixed System is unaltered; the aromatic 
ring changes orientation in Lab frame of reference. Obviously, the angle of 
the proton position vector with respect to the molecular symmetry axis ( ZM 
) varies. This makes the conventional equations (used for isotropic ring 
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σi=Σiχi /R
3

i [1-(3.RRi /R
5

i)]

Induced field Calculations using these equations 
and the magnetic dipole model have been 
simple enough when the summation procedures 
were applied as described in the previous 
presentations and expositions. 

Isotropic Susceptibility Tensor 
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In a fixed molecular system which is not undergoing tumbling 
isotropic rotational motions what is measurable is the shielding & 
hence the shift corresponding to the element σzz in the tensor 

and not the trace  ⅓ ( σxx + σyy + σzz )  

Induced field Calculations using these equations and the magnetic dipole 
model have been simple enough when the summation procedures were 
applied as would be described in this presentation. 
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To Begin with Excerpts from the reference:- 
 

Biochemistry 1982, 21, 11 18-1 125 
 
Fluctuations and Averaging of Proton Chemical Shifts in the 
BovinePancreatic Trypsin Inhibitor? 
Jeffrey C. Hoch, Christopher M. Dobson,* and Martin Karplus* 
 
 

From page-1118 

A question examined in this study is whether the level of 

agreement limits the possible magnitude of fluctuations in the 

protein. In certain cases, for example, aromatic proton resonances, 

large discrepancies between experiment and the calculated shifts 

are observed. We determine in this paper whether the neglect of 

dynamical effects could be a contribution to this discrepancy. In 

addition, we examine the possibility that high-frequency 

fluctuations can be responsible for temperature dependences of 

chemical shifts. 

 

From page-1119 

The magnitudes of the high-frequency variations in the shifts 

resulting from the positional fluctuations are examined. Since the 

NMR time scale is orders of magnitude slower than that of the 

calculated fluctuations, mean chemical shifts are determined by 

averaging over the values obtained at each point of the molecular 
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dynamics trajectory. These mean shift values are compared with 

those calculated from the atom positions in the average structure 

obtained in the simulation; the latter corresponds to the structure 

which would be determined in an ideal X-ray diffraction 

experiment. Finally, these two sets of shifts are compared with 

those calculated from a set of average atomic coordinates subjected to 

energy minimization; in a certain sense this structure corresponds to the 

one which would be obtained from an X-ray refinement with bond length 

and bond angle constraints. The results of these comparisons provide the 

basis for an evaluation of the importance of dynamical effects on the ring-

current contribution to proton chemical shifts in proteins. 
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The Considerations in the 1982 publication contains basically the 

approach intended in this contribution as far as the calculation of 

Chemical shift values at the configurations during the motion 

(oscillatory motion) and then to effect an averaging process over 

those instantaneous values appropriately taking into consideration 

the timescales of motion. 

The approaches have always been hitherto based upon the either 

the dipole model for ring current effects or a quantum chemical 

calculations including geometry optimizations of structures 

occurring during the motional paths and calculate the Chemical 

shifts of instantaneous structures and effect an average. This 

procedure is obvious as per the excerpts reproduced in the first 

two Sheets. 

It has been found that even though the computer programs used 

would calculate the full chemical shift tensor as a prelude to 

calculating the isotropic values, it has been the practice in HR 

NMR spectroscopy to discuss only in terms of the isotropic values 

and not the other tensor components. 

This aspect has been considered in all its perspectives in the 

presentations before beginning with the documentation in  

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

the IBS meeting in 2002. In particular the Sheet-12  

http://www.geocities.com/amudhan20012000/DMSBBP_12.html  
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of that presentation has several references and excerpts and 

figures which indicate that in spite of the interest in the 

uncertainties abound relating to the averaging and disagreements 

on comparison with experiments. It had been the point of view in 

this series of presentations to rely on the simple point dipole 

model for calculating the ring current effects and, specifically 

calculate out the full tensor form and consider the variations in all 

the relevant components instead considering only the isotropic 

values. 

At this stage the effort is to improve the reliability of the point 

dipole model calculation to enable to be confident about the 

through space contributions so that the discrepancies can be 

precisely assigned to changes in the chemical electronic 

structures, and not a motion without intra molecular electronic 

structures. Secondly, for any fixed configuration the through 

space contribution can be calculated reliably with all the angular 

informations and variations with distances, devising appropriate 

simple models for averaging over the motional processes to arrive 

at the effective/averaged value observable in experiments. In this 

direction, the present contribution investigates the possibilities of 

generating weight factors for the dispositions during the 

molecular motion to find out the effectiveness or otherwise arrive 

at a rationale to modify based on the outcome of the trial. Hence 

with the functional form of the dependence of chemical shifts, 
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that is the ( 32 /13 RCOS −• θ ) corresponding to isotropic values, a 

profile for the variation of chemical shift is used from 0º to 180º. 

And an oscillation around the mean positions of 45º and 90º with 

specific angular amplitudes has been considered and weight 

factors were generated, applied and averaged values were 

calculated. A moving average method is adapted and the trends 

are calculated. It is found that in specific instance, the calculations 

are simple and made with the MS Excel Applications  

http://geocities.com/inboxnehu_sa/NSCMB2004.html  

 

 

 

 

 

 

 



-36- 

 

 
 
 
 

 



-37- 

 

 
 
 
 

 
 
 

Oscillations about two mean positions have been considered to 

explain the procedure and the kind of results one can obtain. 

1. Oscillation about the 90º orientation and 2. the 45º 

orientation of the symmetry axis about the with respect to the 

magnetic field direction:Diagrammatic representation:- 
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The calculations here have been made for symmetric swing 

about the mean position. A calculation for an asymmetric 

swing about the mean position is a simple extension which can 

be programmed in the computer with this algorithm. For the 

mean position and amplitudes chosen the average values are 

close to the reference zero value in both of the above cases. 

 

 

 

 

 

 

0º 
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In the Figure above is a graphical plot of (3.COS
2
θ-1) as a 

function of the angle between the direction of the magnetic field 

and the molecular symmetry axis. This disposition is 

diagrammatically represented in Sheet_0_4. 

Two oscillatory motions are illustrated in the figure on 

Sheet_0_4. One is about the mean position geometry with 90º 

with the direction of the magnetic field. The oscillation amplitude 

is a maximum swing of ±45º from the mean position. For the 

mean position of 90º, the swing would be from 45º through 90º up 

to the 135º extent. When the mean position is chosen as the 45º 

geometry, the swing is from the 0º position to the 90º. This 

section covered by the oscillatory motion is pointed out in 
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Sheet_0_4. The averaging is of the values of chemical shift values 

corresponding to the angles within the ranges of oscillatory 

variation. The weight factor would depend upon the relative 

resident times during the oscillatory motion at each of the 

geometries. The weight factors used in the calculations here are 

depicted for the two mean positions in the graphical plot above. 

The weight factors have a minimum value at the mean position 

but have longer resident times at the extrema. It is the SHM 

characteristic assumed here for generating these factors. 

The weight factors have been appropriately normalized to unity 

over the full oscillation 
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S.No Angle 3.COS2
θ-1 

 
0.1*3.COS2

θ

-1 
CS Values 

 

Weight 
factors 
Set-1 

SHM model 

Cs*wt 

Weight 
factors 
Set-2 
SHM 

CS*Wt 

0 0 2    0.116336 0.023267 

1 7.5 1.948888739    0.112372 0.0219 

2 15 1.799038106    0.10075 0.018125 

3 22.5 1.560660172    0.082262 0.012838 

4 30 1.25    0.058168 0.007271 

5 37.5 0.888228568    0.03011 0.002674 

6 45 0.5 0.05 0.11633649 0.005817 7.13E-18 3.56E-19 

7 52.5 0.111771432 0.011177 0.11237242 0.001256 0.03011 0.000337 

8 60 -0.25 -0.025 0.10075036 -0.00252 0.058168 -0.00145 

9 67.5 -0.560660172 -0.05607 0.08226232 -0.00461 0.082262 -0.00461 

10 75 -0.799038106 -0.0799 0.05816825 -0.00465 0.10075 -0.00805 

11 82.5 -0.948888739 -0.09489 0.0301101 -0.00286 0.112372 -0.01066 

12 90 -1 -0.1 7.1265E-18 -7.1E-19 0.116336 -0.01163 

13 97.5 -0.948888739 -0.09489 0.0301101 -0.00286   

14 105 -0.799038106 -0.0799 0.05816825 -0.00465   

15 112.5 -0.560660172 -0.05607 0.08226232 -0.00461   

16 120 -0.25 -0.025 0.10075036 -0.00252   

17 127.5 0.111771432 0.011177 0.11237242 0.001256   

18 135 0.5 0.05 0.11633649 0.005817   

19 142.5 0.888228568      

20 150 1.25      

21 157.5 1.560660172      

22 165 1.799038106   Average  Average 

23 172.5 1.948888739   
-0.01513 
 

 
0.05 
 

24 180 2      

TABLE-I Numerical Data for the Graphical plots in the display pages Sheet-05, and 06 
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Chemical shift vs polar angle
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There are 11 segments which are indicated over the CS Value 

curve extending and covering the angles 0º to 180º 

For each of the segment, a SHM weight factor can be applied and 

corresponding average can be estimated. This is the moving 

average procedure with the weight factors described by SHM 

distribution about the mean position (see TABLE-I on page 

Sheet_06). 

Thus at each segment an Average is computed and this average 

value is attributed to the corresponding mean position. SHM 

distribution of weight factors or equal weight factors for all the 

points in the segment can be used to calculate the average to find 
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the difference and variations with the nature of such 

“Apodization” functions. 

The results are depicted graphically below: 

13 point Moving Average

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0 2 4 6 8 10 12 14 16 18 20 22 24

CS Values wtd CS Values eq. wt factrs

wtd CS Values SHM wt factrs

 

 

The above results indicate that the angle from 0º to 180º must 

be more closely sampled and the trends should be studied. 

The average values are less than the mean position 

unaveraged values. The moving “window” size can be altered 

if any variations are required. In the next few Sheets the 

display materials containing the earlier results are 

reproduced. Attention is being now drawn to the fact that 

SHM weight factor distribution and a moving average is 

possible to use for generating “rotation patterns” to compare 

with experimental results and to fix the configurations during 

the molecular motions 
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An Index to the Contents of the POSTER at IBS2006 
Available on internet at http://www.geocities.com/sankarampadi/ForIbs2006.html  

 
Sheet_1:   Abstract  
Sheet_2: Index 

Sheet_3: Molecular and Laboratory axes systems which are relevant for 
calculation methods when the motions in macromolecules are recognized as 
interdependent or independent motions locally and globally 

Sheet_4: Diagrammatic illustration of the possible motions of the aromatic 
ring and the protons in the neighborhood of the aromatic ring 

Sheet_5: Further details and explanations for the motions referred to earlier 
and depicted [in Sheet_4].  
Sheet_6: The equations and the methods used for the chemical shift 
calculations which are essentially a calculation of induced fields due to 
aromatic ring currents. 
Sheet_7: Aromatic ring Susceptibility as the Benzene ring Susceptibility 
Tensor; Some shift values calculated using this tensor for certain specific 
contexts to familiarize the methods and tabulations in this context; Further 
indications and comments on the motions and the consequences on the 
induced fields at protons due to the ring current effect. 
Sheet_8: A typical graphical display of the calculations using the Tensor 
Form equations; isotropic shift values to be compared with already reported 
values in literature; these values are for the proton-ring centre distance of 20 
Angstrom. Values for a distance of 5 Angstrom can be obtained by 
multiplying the induced field values by 64 since the distance is reduced by a 
factor of 4; the shift values are inversely dependent on [distance raised to the 
power of 3 ]. 
Sheet_9: More elaborate tabulation of calculated results to become familiar 
with the reading of reported data for purposes of applying for the cases of 
vibrations and torsional motions. 
Sheet_10: A graphical display of the results in the form of a rotation pattern 
for appropriately interpolating and reading out values for specific motional 
situations. 
Sheet_11: A specific hypothetical case of how the Tensor Form can be useful 
when the isotropic values cannot be indicative of the motional state of the 
system. And further results as captions for graphical plots in the subsequent 
sheets. This sheet contains the main conclusions which resulted from the 

Calculations made at this instance of IBS2006 

Sheet_12 to Sheet-16: Different variations of considering the motions in the 
system and their corresponding displays as rotation patterns to become 
conversant with the required visualizations for applications 
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Ring & proton rotns
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   Parallel to magnetic field                                                                   
Mol.Z-axis                                             Mol. Y-axis                       Mol.Z 

Pwerpendicular to magnetic filed 
                              Mol. ‘-Yaxis’ 

Magnetic   Field Direction 

Mol.Z-Axis Mol. Y-axis 

Mol. ‘Y-axis’ 

Lab-Z-axis 

  
X-direction (+) Rotation angles about X-Axis 

Y-direction 
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Angle of 
Torsion/ 
Rotation 

 
Shift Tensors_Ring 

Torsion 
       X            Y           Z 

Trace of tensor 
To the left 

Trace of Tensor to 
the right 

 
Shift Tensors_Proton 

Rotation 
       X              Y           Z 

Trace values are same; But the 
corresponding Tensors are not idebntical 

 
0 

degrees 

x   -0.000702   0.000000   0.000000 
y    0.000000  -0.000702   0.000000 
z    0.000000   0.000000   0.003411 

 
0.000668806839 
 

 
0.000668806839 

x   -0.000702    0.000000   0.000000     
y     0.000000  -0.000702   0.000000 
z     0.000000    0.000000   0.003411   

Z 
 

20 
degrees 

     -0.000702   0.000000   0.000000 
      0.000000  -0.000820   0.001548 
      0.000000  -0.000774   0.003176 

 
0.000551452511 

 
0.000551567471 

     -0.000702    0.000000   0.000001 
      0.000000   -0.000456   0.000677 
      0.000001    0.001644   0.002813 

    
  40 
degrees 

    -0.000702   0.000000   0.000000 
     0.000000  -0.001117   0.002371 
     0.000000  -0.001186   0.002582 

 
0.000254303886 

 
0.000254654238 

     -0.000702   0.000001   0.000001 
      0.000001   0.000167   0.001037 
      0.000002   0.002519   0.001299 

 
60 

degrees 

    -0.000702   0.000000   0.000000 
     0.000000  -0.001455   0.002085 
     0.000000  -0.001043   0.001906 

 
-8.3600673E-005 

 
-8.31395082E-005 

     -0.000702   0.000001   0.000001 
      0.000001   0.000877   0.000913 
      0.000002   0.002217  -0.000424 

 
80 

degrees 

    -0.000702   0.000000   0.000000 
     0.000000  -0.001675   0.000823 
     0.000000  -0.000412   0.001465 

 
-.000304152811 

 
-0.000303909677 

     -0.000702   0.000002   0.000000 
      0.000002   0.001340   0.000362 
      0.000001   0.000878  -0.001550 

 
90 

dehrees 

   -0.000702   0.000000   0.000000 
    0.000000  -0.001705   0.000000 
    0.000000   0.000000   0.001404 

 
-0.000334403419 

 
-0.000334402692 

    -0.000702   0.000002   0.000000 
      0.000002   0.001404   0.000002 
      0.000000   0.000004  -0.001705 

 
Finally Proton is along  Molecule ‘y’ Axis 
Magnetic Field along Lab Z-axis ‘same as 
‘Molecule Y-axis’( -35.0 for susceptiblilty) 
 
 

Finally proton is along Molecule ‘-Y-axis’ 
Magnetic Field along Lab ‘Z-axis” same as 
‘Molecule Z-axis’ (-85.0 susceptibility) 

 
When the system is static as in solids, the Shift values observed are the Values corresponding to the Lab-
ZZ component of the tensors.. 
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Results from IBS2006 presentation reproduced for this context 
 

Consider a rapid torsional motion of the ring locatable on the graph 

around the 40 degrees orientation. Let the amplitudes of oscillation be 

from 20 through 40 to 60. Then the averaged Tzz value would be 

0.002555 

 

A rotational vibration of the protons corresponding to the Right hand 

side graph around 40 degrees with extrema at 20 and 60 would result in 

averaged Tzz = 0.001229 

 

Where as when trace is considered for both cases would result in 

the same average value: 0.0002407 which is different from either of 

the above two. 

 

Thus calculating the full shielding tensor provides the possibility to 

distinguish the necessary structural aspects; but using the isotropic 

values could be ambiguous and thus can be erroneous. 

 

The Sheets_12_&_13 of the IBS2006 presentation contain graphical 

outputs of calculations.  
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In this IBS2007 presentation the effort had been to evolve the 

procedure for applying SHM criterion to generate weight factors 

for appropriate averaging process to obtain effective Chemical 

shift values with Oscillatory Motions present in the bio-molecular 

systems in regions where the aromatic ring current contributions 

can be significant. The procedure entails a simple algorithm for 

programming using digital computers. It was pointed (as above in 

box)  out in the IBS2006 presentation that considering one of the 

calculated FULL tensor component could possibly have certain 

advantages over using the isotropic values only. 

 

In fact, this 13points-SHM-window-moving average method 

appeals to chemical contexts and based on this principle of the 

MOVING AVERAGE technique, computer programs can be 

made available which would appeal as more user friendly to 

students in chemistry. Describing the mean positions of 

oscillatory motions can be associated with rotation patterns for 

the possible oscillatory motions with specified mean position 

geometry and orientations. An experienced handling after gaining 

confidence might be adding to the useful data for position 

coordinate determinations when there are ambiguities by other 

methods due to motional effects.   
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                                         Z axis 
              
 
                                                              
           χ

zz
 = -85 x 10 -6                                  

                                  
 

 
 
                                             

    χxx
                                                  

Y axis                                                                                               
                         X axis                                              
 

                                                                                                             
                                       
                                                                                      
 
 
  -85 – (-35) =- 50 x 10 –6 =Anisotropy 
            
   
 
 
 

The above experimentally measured Susceptibility Tensor can be 

decomposed and fragmented into 24 group-/bond-/atom-/ring-

current-/tensors which, when added up,  result in the experimental 

molecular values for the benzene ring. 

 

     

http://saravamudhan.tripod.com/shield_demag_susceptibility/id2.html 

Calculated ring current shifts ppm 

Proton 
distance 
from ring 
centre 

 
Trace 

Angle with mol-Z=0 
 

 
Field parallel to Z 

ZZ component 

Proton on 
Z-axis 

Proton in 
Ring plane 

20 A˚ 0.000668806839 0.003411 -0.001705 

5 A˚ 0.042803637696 0.218304 -0.10912 

Calculated ring current shifts ppm 
Proton 
distance from 
ring centre 

Trace 
Angle with mol-

Z=90 

Field parallel to Y 

YY-component 
Proton || Y Proton 

Perpendicula
r  
to Y 

20 A˚ -0.000334402779 0.001404 -0.000702 

5 A˚ -0.021401777856 0.089856 -0.044928 

 χyy =  χyy = -35 x 10 -6
                                 

Reproduced from results of IBS2006 

presentation. See NOTE below: 
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NOTE added for the Context of IBS2007: The Calculation 

procedures above have to be combined with the averaging 

procedures described in this presentation with the look out for the 

viability of producing graphical database/computational softwares 

for feeding in guess values for structures and obtain optimized 

structure parameters as output in presence of Molecular Motions 

which smear out position coordinate data.: 

 

 

 

Proton 

θ 

When the molecule as a whole 
with a bonded proton undergoes 
fast Rotation randomly 
(isotropic motion),  then at  the 
proton only the the isotropic 
average shift can be measured 

the value of which depends 

on the fixed angle θ 

When the aromatic ring alone undergoes the fast 
rotation when the proton (not bonded to ring) in 
the neighborhood of the ring is attached to the 
same macromolecule: The susceptibility tensor 
can be equivalent to an isotropic value so that 
there is no anisotropy of the susceptibility. Then 
the shift induced at the proton would be 

averaged to zero value. 

When the ring undergoes anisotropic 
motion when proton is held fixed, or 
when proton undergoes partial 
rotations when the ring is held fixed, 
it is not always valid to consider only 
the isotropic chemical shift values at 

the proton. 
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03-2012-crsi-nsc14 
 
 

 
This topic of  

Visualizing a Cycloaddition by the Abinitio SCF Methods; a Case 
Study of Finding Rationale of a Fictitious “Spin bookkeeping” 

Structure to Simulate NMR spectra. 
Was also discussed in the presentation at 

 

 
 

http://www.ugc-inno-nehu.com/events-2015.html#E10 
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http://www.ugc-inno-nehu.com/events_2012.html 

http://www.ugc-inno-nehu.com/crsi_nsc14.html 
CRSI-NSC14: ABSTRACT Submiited & Accepted   find on Sheet-04 

In the abstract text it has been mentioned that no effort was made to 

find out about the actual formation of such dimerized styrene 

molecules: NEVERTHELESS some indications below:  
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Visualizing a Cycloaddition by the Abinitio SCF Methods; 
a Case Study of Finding Rationale of a Fictitious “Spin 

bookkeeping” Structure to Simulate NMR spectra. 
 

S.ARAVAMUDHAN 
Department of Chemistry 

North Eastern Hill University 
NEHU Campus Shillong 793022 

Meghalaya 
 

As described in the introductory material in document of this 

author (1), the rationalization of “average structures” which 

results in experimental NMR spectra -with the theoretically 

possible “averagable structures”, has been not straightforward in 

particular with biological macromolecules. The organic molecular 

polymers are included among the category of macromolecules 

whose structures have been characterized by NMR spectroscopy 

by Heatley and Bovey (2). Among these, the specific instance of 

Polystyrene stands out as a typical case where the backbone 

proton NMR spectrum of isotactic polystyrene lends itself for an 

exact simulation but only by invoking a cyclic (dimeric-) 

structure presenting 6 spin system, that structure which is stated 

not to be taken too literally. 

 
Such a fictitious structure makes possibile the inclusion of certain 

spin-spin coupling constants for simulation which,  
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Contents from Sheet-04 

otherwise, is not simple enough to infer. Obviously these Spin-

Spin interactions occur by mechanisms transmitted through 

bonds, and it is surprising that a structure which is “fictitious”, 

can be revealing such through-bond routes by which the exact 

simulation of the observed NMR spectra. Hence, it was 

considered worth the while, trying to find out the possibility of 

the stability criterion for a dimeric Styrene with the possible QM 

methods by Geometry Optimization and verify with the 

calculation of the chemical shifts for such a dimer. A thorough 

literature survey of the possibility for the occurrence of such 

dimeric structure of styrene     molecule was not be undertaken 

lest those conditions may build up a bias, for an “Only  

Theoretical Model” by  Abinitio Calculations. 

There have been reports earlier on Biological molecules 

extensively using merely the SCF method with STO 3G basis 

sets, calculating mainly using the Specifically varied fixed 

geometries, inferring on the environments in biological systems; 

and, no detailed potential energy surfaces were profiled. Only 

limited structures and resulting plots were seemed to enable quite 

a lot to infer. Hence, a similar approach using the Abinitio SCF 

method with the STO 3G basis set at the working online-demo 

version of the  
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http://www.webmo.net certain convincing trends arrived at. The 

progress of such Optimization calculations could be conveniently 

downloaded and archived at anyone’s personal internet domain as 

displayable material, which can be downloaded at any convenient 

terminal for a review. This case study and its convenience would 

be reported (3) along with the simulated Spectra and Optimized 

Geometries. 

 

(1) http://www.ugc-inno-
nehu.com/WMBS/0_Introduction/WMBS_Context_myIBSpr
esentations.pdf  

 
  (2) F.Heatleyand F.A.Bovey, Macromolecules, Vol.1, page 301 
(1968). Reference #7 on page 129, Section 
IV, in the Book "High Resolution NMR of Macromolecules" by 
Frank A. Bovey, Academic Press, NY,London (1972). 
 
  (3) Webpage under construction: http://www.ugc-inno-
nehu.com/crsi_nsc14.html  
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It is obvious that several jobs became necessary before the final 

structure. WEBMO site has the free working demo which enables 

free access for jobs of not more than one minute duration. It is 

obvious that the contents of several jobs cannot be obtained 

simply by submitting by a single job. There is provision at the 

webmo job manager to continue the unfinished task of 

optimization by a resubmission of the job output. Even with the 

STO-3G minimal basis set, the ab initio SCF calculation for 

this system could not proceed beyond 4 to 8 iterations depending 

upon the input structure. Thus the strategy was to submit an Initial 

Guess structure, and at the end of one minute the remote server  
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returns the interim result by stopping the CPU from continuing 

the job beyond one minute. Then this job is resubmitted by the 

appropriate button (there are three buttons including the view 

button)at the job manager. This procedure is continued untll the  

job returns with “completed” message instead of the “failed” 

message for incomplete job due to time limit. If one had the 

access to the unlimited time feature usually only what results at 

the end of convergence would be analyzed. Since the jobs 

required for continuing till convergence were too many, every 

time the job was returned after 5-6 iterations 

(steps)due to the constraint of one-minute limit, it was possible to 

consider editing the structure after the five – six iterations before 

resubmission. By this it was possible to reduce the number of 

iterations required. An examination of the animated output of the 

sequence of structures generated during the iteration of the jobs, it 

was possible to visualize what the kind interaction which governs 

minimizing energy to the next step. This could give a indication 

as to how one can hasten the process of convergence by manually 

editing and incorporating the required emphasis on interactions in 

the system. Thus it was possible to monitor the state of 

hybridizations, the charges on the atoms etc., and alter the 

structure for appropriate charges in geometries and set appropriate  
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formal charges at atoms. For example if there is tendency for 

increase in electronic charge at one atom by transfer from another 

atom in the interim result, then it was possible to place 

appropriately a positive charge on donor atom and a negative 

charge on the acceptor atom and hasten the process instead of the  

program proceeding stage by stage in small steps of charge 

transfer. Thus the visualization with the intuition of chemist based 

on the experiences in theoretical calculations, it was possible to 

realize the dimerization in 5 one minute jobs which otherwise 

would have taken much longer even to estimate. 
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IBS2012 at Guindy Campus, University of Madras 

CLICK here to display the website of the IBS2012, Guindy campus,UOM  
 
 
 
 
 

SHEET-01 SHEET-02 SHEET-03 SHEET-04 

SHEET-05 SHEET-06 SHEET-07 SHEET-08 

SHEET-09 SHEET-10 SHEET-11 SHEET-12 

SHEET-13 
Appended to the main contents 

as index to internet source URLs 

SHEET-14 
Appended to the main contents 

as guideline to direct internet access  
to archived computational jobs 

The Display SHEETS can be downlaoded from   HERE-1 
The Computational Job-results have been archived HERE-2 
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SHEET-01 
 
 

Sheet_1_0 , Sheet_1_1 and Sheet_1_2 of 

 http://aravamudhan-s.ucoz.com/Posters_nsc9_nmrs2007_ibs2007.html  

are elaborations of the contents of                                                                                          

http://aravamudhan-s.ucoz.com/inboxnehu_sa/IBS2006/ForIbs2006.html 

 

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. 

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. 

 

The averaging is for molecular motion of the whole molecule 

considering the molecule to be rigid body without any variations 
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in the internal degrees of freedom. If the macromolecule exhibits 

motions internal to the molecule then the variety of combinations 

of bond lengths and torsion angles can occur which would 

generate several conformers possible for the residues and such 

variety of conformers can be generated by several of the drug-

design molecular-modeling softwares. Such time independent 

structures must be considered to be in equilibrium and for every 

structure there could be typical Proton NMR spectrum. In 

addition, not every one of these contributing structures may be 

amenable for crystal structure determination, and, for obtaining 

NMR spectrum for each of these contributing structures to the 

effective structure, which corresponds, to the experimental 

Spectrum. Hence a theoretical calculation of the NMR chemical 

shifts should be resorted to for obtaining the NMR spectra each of 

the contributing structure/conformer. Then affecting an average 

for NMR spectra of these contributing structures requires all the 

considerations as discussed in IBS2006 and IBS2006. 

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. 
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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. 

A dipeptide of Gly-Val residues could be drawn in ARGUSLAB 

structure Editor, which was Geometry optimized (Fig 1a & 1b) in 

the http://www.webmo.net computational engine and in the 

resulting dipeptide the OH group of the COOH was replaced by a 

NH2 (Fig 2a & 2b) . The resulting structure was used for the 

calculation without any further optimizations and the PHI PSI 

angles were retained as in the optimized amino acid. These 

structure have been depicted in the display sheets to view, as part 

of this introduction. 
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SHEET-05 
 

NMR Structure of Biological Macromolecules:  
Quantum Chemical Considerations on the Contributing Structures; 
for the Possibility of “Averaged Single-Molecule NMR Spectrum” 

 
S.ARAVAMUDHAN 

Department of Chemistry 
North Eastern Hill University 
Shillong 793022 Meghalya 

INDIA 
 

This contribution may be considered to be in pursuance of the 

contents of cited reference (1). The familiar Karplus equation for 

the Vicinal Proton coupling constants (the dihedral dependence of 

‘J’ values for the couplings protons through the peptide bond) has 

been successfully applied whenever it is possible to measure the 

conformation dependent J values. However, such angle 

dependence and bond length dependences (structure parameters 

determining the conformation of macromolecules) require the 

derivative for the variation of Chemical shifts with respect to the 

corresponding parameters. The state of such calculations as 

reported in early publications (2) contain introductory materials 

for the calculation of derivatives. Moreover, what was stated as 

wanted seems to be the driving force even for the current context 

for such calculations. Mostly the calculations on macromolecules 

currently use the Molecular Mechanics Methods. The Quantum 

Chemical methods are the preferred ones for smaller molecules. 

The details such as the derivatives with respect to variable 

structure parameters (which are the degrees of freedom that 
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render the fluctuations possible) are effectively obtained by 

Quantum Chemical Calculations. Obviously, a calculation on 

smaller molecules has to be made to lead to implement 

theoretically the variations in macromolecular structures. A 

combination of Molecular Mechanics and Quantum Mechanics 

(3) is being used in the context of large-scale computations in 

Bioinformatics. In any case it becomes important to realize the 

necessities of calculations on model molecules, which are meant 

to explore the physically realistic trends (4), that could be 

determining factors for the Global Optimizations on 

macromolecules as pointed out in the recent report.  

Hence, in this report it is intended to note the trends of variations 

in the vicinal protons Chemical shifts with the (peptide bond) 

dihedral angle and consider the possibilities of arriving at a single 

structure for an average confirmation that could be convincing 

from the point of view of quantum chemical methods. A dipeptide 

constituting a glycine and a valine residue has been modeled for a 

torsion (rotational) variation. The approach is to use the 

(operationally) simplest available software for the quantum 

chemical calculation and use the SCF method with the STO 3G 

basis set to sample the variations for a convenient visual 

inspection to ascertain the till now available trends on such 

results. The basis set dependences and other gauge related 

uncertainties have been mentioned earlier (2) and subsequently 
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these requirements have been incorporated appropriately into the 

software, but for the present purpose the most often used (in the 

earlier contexts of biological quantum chemistry) STO 3G basis 

set has been used. No effort has been made to find out from the 

literature as to the real occurrence of this model peptide. The 

online calculation software (5) used in this study is a convenient 

tool to make a beginning with such approaches and infer specific 

aspects on the trends relevant for macromolecular structure 

variations as would be demonstrated in this report. The calculated 

output can be conveniently archived (6) for appropriate retrieval 

and illustrations.   

(1)http://www.ugc-inno-

nehu.com/WMBS/0_Introduction/WMBS_Context_myIBSpresentations.pdf   

(2)  (a) Some Recent ab initio Calculations of the NMR Chemical 

Shift, D.B.Chesnut, in Annual Report on NMR Spectroscopy, 

Vol. 21, Pages 51-97, Academic Press 1989, PP 68, Sect.IIIB and 

PP 77 Sect. IV.      

(b)http://www.ugc-inno-nehu.com/WMBS/Pulay_derivatives_abinitio.pdf             

(c) http://www.ugc-inno-nehu.com/crsi_nsc14.html  

(3) http://www.scfbio-iitd.res.in/  

Supercomputing facility IIT, Delhi, in particular the in-silico drug 

design software “Sanjeevini”      

(4) (a) http://www.ugc-inno-nehu.com/WMBS/coarsegrained.pdf   

(b) http://www.ugc-inno-nehu.com/DBIBT.ppt        

 (5) http://www.webmo.net  
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(6) http://www.ugc-inno-nehu.com/IBS2012  
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Proton 3 
Example 
Averaging 

Diagonal Elements of Tensor 
Average of 

xx,yy,zz 

xx yy zz isotropic 

10.00 24.2738000 27.8508000 42.9987000 31.7078000 

8.00 24.3089000 27.8688000 43.0050000 31.7276000 

6.00 24.3497000 27.8928000 43.0137000 31.7520000 

4.00 24.3953000 27.9218000 43.0240000 31.7804000 

2.00 24.4447000 27.9552000 43.0352000 31.8117000 

0.00 24.4968000 27.9918000 43.0468000 31.8451000 

-2.00 24.5505000 28.0309000 43.0583000 31.8799000 

-4.00 24.6046000 28.0715000 43.0695000 31.915200 

-6.00 24.6582000 28.1129000 43.0800000 31.9504000 

-8.00 24.7103000 28.1544000 43.0899000 31.9849000 

-10.00 24.7601000 28.1953000 43.0992000 32.0182000 

Average 
of column 

 

24.5048091 28.0042000 43.0473000 31.8521091 

 31.852103  

The elements 
have been 
resulting in the 
isotropic values 
and vertically 
averaged value 

is given 

The above is an example of averaging the 
tensor element values vertically getting their 
respective averages and subsequently 
finding the isotropic trace. 

The average values of the tensor elements 

(the isotropic value 31.852103) 

Corresponds to an interpolated torsion 

angle between 0.00 & -2.00 much closer to 

the 0.00 value for un-rotated molecule. 

How precisely can this interpolation be 

valid for QM calculations of chemical 
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The averaging has been with a linear (equal for all elements) 
weight factor. If the torsion motion has been SHM then the 
corresponding weight function has to be applied for 
averaging. 
Discussion in: 
 http://aravamudhan-s.ucoz.com/Posters_nsc9_nmrs2007_ibs2007.html#IBS2007 
 

And, there in display sheet-06 
What has been illustrated in this paper is the case of 
Torsional Oscillations. 
However vibrations in which the bond lengths vary are 
also typical cases of motions and the bond legth 
dependence of chemical shifts have been considered by 
D.B.Chesnut, (Annual Reports on NMR Spectroscopy 
Vol.21 page-88). 
 

And also at  
http://www.ugc-inno-nehu.com/crsi_13nsc_nmrs2011.html  
http://aravamudhan-s.ucoz.com/symposia_2009_2010.html#NMRS2010  
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SHEET-13       Webmo jobs and the archived index 

At http://www.webmo.net    
Gaussian/QM/HF method /STO-3G Basis/  

GIAO  - NMR Chemical shift calculation 
 

JobNumb
er 

Download URL: Job Description 

Job 93573 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93573.html 
NMR/Torsion-
Rotation: +10° 

Job 93574 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93574.html 
Molecular 

Energy/Torsion-
Rotation +8° 

Job 93575 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93575.html 
Molecular 

Energy/Torsion-
Rotation +6° 

Job 93576 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93576.html 
NMR/Torsion-
Rotation +4° 

Job 93577 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93577.html Torsion-Rotation +8° 

Job 93580 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93580.html Torsion-Rotation +6° 

Job 93584 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93584.html 
NMR/ Torsion-

Rotation +4° 

Job 93588 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93588.html 
NMR/ Torsion-

Rotation +2° 

Job 93590 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93590.html 
NMR/ Torsion-

Rotation +0° 

Job 93594 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93594.html 
NMR/ Torsion-

Rotation -2° 

Job 93595 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93595.html 
NMR/ Torsion-

Rotation -4° 

Job 93598 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93598.html 
NMR/ Torsion-

Rotation -6° 

Job 93599 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93599.html 
NMR/ Torsion-

Rotation -8° 

Job 93601 http://www.ugc-inno-nehu.com/IBS2012/export93573/job_93601.html 
NMR/ Torsion-
Rotation -10° 
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In SHEET-14 (the following Sheet) the contents of the web 
subdirectory http://www.ugc-inno-nehu.com/IBS2012/export93573/           
have been listed out as it would be displayed in the internet, when 
the above URL is typed in the  browser address bar.It would be 
easy to click the appropriate html file. The index above can 
indicate the html file at any point in the display material and the 
raw output file there in would give the detailed output for the 

interpretations, processing and further calculations. 
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SHEET-14: for use concuurently with the index in SHEET-13 

http://www.ugc-inno-nehu.com/IBS2012/export93573/  

  Parent Directory        12-Jan-2012 00:12      -   

 93573/                  23-Dec-2011 04:52      -   

 93574/                  23-Dec-2011 04:52      -   

 93575/                  23-Dec-2011 04:52      -   

 93576/                  23-Dec-2011 04:52      -   

 93577/                  23-Dec-2011 04:52      -   

 93580/                  23-Dec-2011 04:52      -   

 93584/                  23-Dec-2011 04:52      -   

 93588/                  23-Dec-2011 04:52      -   

 93590/                  23-Dec-2011 04:53      -   

 93594/                  23-Dec-2011 04:53      -   

 93595/                  23-Dec-2011 04:53      -   

 93598/                  23-Dec-2011 04:53      -   

 93599/                  23-Dec-2011 04:53      -   

 93601/                  23-Dec-2011 04:53      -   

 images/                 23-Dec-2011 04:54      -   

 java/                   23-Dec-2011 04:58      -   

 javascript/             23-Dec-2011 04:58      -   

 job_93573.html          23-Dec-2011 04:51    25k   

 job_93574.html          23-Dec-2011 04:51    19k   

 job_93575.html          23-Dec-2011 04:52    19k   

 job_93576.html          23-Dec-2011 04:52    25k   

 job_93577.html          23-Dec-2011 04:52    25k   

 job_93580.html          23-Dec-2011 04:52    25k   

 job_93584.html          23-Dec-2011 04:52    25k   

 job_93588.html          23-Dec-2011 04:52    25k   

 job_93590.html          23-Dec-2011 04:52    25k   

 job_93594.html          23-Dec-2011 04:52    25k   

 job_93595.html          23-Dec-2011 04:52    25k   

 job_93598.html          23-Dec-2011 04:52    25k   

 job_93599.html          23-Dec-2011 04:52    25k   
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Chapter 1 
Introduction 
 
 

Molecular modeling is an important technique used in Biological 

Research Studies in various contexts. The molecular modeling 

involves computer simulation techniques, and software has now 

been designed for finding solutions to problems in biological 

research. Most often, it is the result of the simulation studies, 

which is considered for progressing further on the considerations 

of Biological Systems. 

 
 

1.1 General Molecular Structural aspects 
 

To be more specific, the quantum chemical molecular orbital 

calculations are inherent in most of the molecular modeling 

simulations in Biology. These calculations invariably use 

geometry optimization procedures with appropriate geometry 

constraints acquired from experiments. These optimizations 

proceed by repeating the energy calculation by making small 

corrections to the structure parameter, at every stage of iteration. 

These corrections are based on the principles of energy 

minimization. The algorithms based on mathematical principles 

for optimization do the evaluation of the extent of corrections at 

each stage. Even when the potential energy profile during a 

chemical reaction is calculated as the reaction proceeds, each 
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intermediate situation would be an optimized situation to the 

extent possible. If the intermediate stage is at the peak of 

activation energy profile, then if a transition stage complex can be 

envisaged based on reaction conditions and reactants, then an 

input of geometry for the envisaged structure can be subjected to 

a single point molecular energy calculation can be carried out 

without a Geometry optimization. The input geometry can be 

manually varied at the structure (not by any automated differences 

in energy dependent iterative step) which can indicate the 

structural trends. 

 
 

1.2 Variation Principle and the Reality 
 
 

Energy minimization principle is a sound criterion, which in 

most of the situations results in a convergence to a result, which is 

relatable to the result of a chemical reaction. Then, does that mean 

all the intermediate structures that are encountered in the 

optimization procedure during calculations have a real existence 

as intermediate stage in chemical reaction? Then if there are 

different kinds of mathematical algorithms for geometry 

optimization, then the path of the optimization can be different 

even if results are comparable. Then which of the algorithm 

would be closer to what happens in chemical laboratory? An 

algorithm, which is computationally fast and accurate, may not 
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have an authenticity that the path during these efficient 

mathematical procedures consists of chemically realizable 

intermediate structures. “Indeed, it is tempting to take Variation 

Principle quite literally and then imagine that the variations are 

actually taking place.  In that case at each moment or at each 

point, the system, whatever it is, is sampling all sorts of possible 

behavior, with the actual behavior then being selected on the 

basis that it will make the least change in something, that is, it 

will make some quantity stationary”(13).  

 

The above considerations would be dealt with as much as possible 

with the examples of computational results and the chemical 

intuitions. It is intended to highlight how these considerations 

affect the reconciliation of the Biological macro structures, and, 

the micro level bio-molecular structure details. In particular, in 

view of the fact that NMR spectroscopy is an important 

technique, as much as X-ray technique, in macromolecular 

structure-determination ,it is intended to find how the Calculated 

NMR chemical shifts of structures corresponding to the 

intermediate stages during the Geometrical optimization can be 

useful in influencing the considerations on experimentally 

obtainable NMR spectra (1, 2, 3). 
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Even if isolated molecules were optimized for a stable structure, 

when it is a question of interactions, reactivity and reaction 

pathways, it would require to start with more than one molecular 

unit to find out the details of the reactivity. This is so because the 

structures of the molecules undergo changes from the isolated 

molecule (optimized) structure in such an environment of other 

molecules. Gradual changes in structure (as demanded by the 

decrease in energy of the total system), and thus the reactivity 

would indicate the guiding principles of interaction and reaction 

pathways. This entails a requirement for illustrating an elementary 

approach by Cluster Calculations for structure, dynamics and 

reactions (4). “There has been much interest in studying the 

structures and spectroscopy of solvent-solute clusters, consisting 

of ions (either cations or anions) or neutral species, which are 

solvated by neutral molecules (usually water) or rare gas atoms. 

It is hoped that these studies will enable a better understanding 

of the fundamentals of structure, dynamics and reactions of 

ions and molecules in bulk solution” (14) .  

 

As it stands stated in the above excerpt, there have been several 

efforts (references listed in ref 4) to study the systems of cluster 

by quantum chemical calculations of structures and energies. 

These efforts have been mostly to obtain the optimized, end-

structure-parameters and energies. Starting with the given input 
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structure of the cluster, structure sequences are generated during 

the optimization procedures at various steps till the end. 

Enquiring into the structural details and the sequences of 

structures obtained during the Geometry Optimization can be 

providing indications to the various pathways of interactions of 

cluster components. This approach is a much simpler approach 

for beginners to inquire about the mechanistic aspects of reactions 

than a potential energy surface calculations and trying to relate to 

reaction coordinates. 

 

The results reported here the above approach as a feasible 

methodology. An illustrative set of calculations using 

computational chemistry tools are the basis for such conclusion 

and in particular, a calculation on the isolated molecule alpha 

amino acid [Glycine] substantiates a remark made on the acid 

base characteristics of such amino acids elegantly bringing out the 

intra-molecular proton transfer from one of the equilibrium 

structure to result in another. The roles of water molecules present 

in the neighborhood can be shown to influence this intra 

molecular transfer to become water mediated inter molecular 

transfer of protons. The importance of hydronium ion ([H3O]
+
) 

formation is also evidenced. The equilibrium characteristics of 

zwitterions form and the unionized form of the amino acid also 

could be well discerned and such results seem to be indicating 
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details, which were not thought of as possibilities for study by 

such simple calculations. 

 

In addition to energy and structure calculations, theoretical 

calculations on spectroscopic parameters have proved to be 

capable of providing indications to the necessary valid theoretical 

methods. Even though , the molecular spectroscopy particularly in 

the UV-Visible and Microwave regions of the electromagnetic 

radiations have been the choice of study it is only recently that the 

calculations of NMR shielding have been reported in the context 

of molecular modeling. In fact the trends of the variations in 

chemical shielding during the reaction process by a cluster 

calculation is much less evident. Possible theoretical structures 

and the criteria for the required averaging procedures (5) would 

provide details, which may not be completely revealed by energy 

and structure calculations alone. Thus, calculated chemical shifts 

and simulated NMR spectra should be comparison with 

experimentally obtained spectra. 

 

If a given solution structure obtained by NMR is a superposition 

of several structures, then each contributing structure must be 

recognized as a MEAN structure exhibiting fluctuations from the 

mean thus each of the contributing structure must be subjected to 

fluctuation characteristics while processing. 
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Thus when a molecule is having several confirmations in 

equilibrium, arriving at the effective structure accounting for the 

experimental NMR features would depend upon the appropriate 

characteristic times, and it may either require summing the 

experimental spectra or averaging the chemical shift values and 

then constructing a single spectrum corresponding to the 

experimental spectrum. It does not simple enough to envisage 

how the theoretically calculated chemical shifts corresponding to 

contributing structures can be used to average the theoretical 

(optimized / can there be more than one?) structures, average the 

calculated chemical shifts and simulate the spectrum to be 

compared with the experimental spectra. This calculation and 

simulation results would be discussed in the presentation. 

 

Brute-force simulations are not enough. The challenge of 

obtaining relevant results on complex systems with a given 

computer power is the central issue in biological modeling and 

applies to almost any simulation problem. As we do not have an 

infinite amount of computer time, it is essential to keep in mind 

those seemingly rigorous options (which may superficially seem 

to be the preferable ones) are, most often, not the best way to 

move forward. 
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Thus, the use of CG multilevel approaches is recommended in 

almost any simulation of biophysical systems, ranging from 

enzyme design to energy and signal transduction (6). 

 

The statement above suggests that complex systems can be 

suitably modeled using much-simplified models for the system 

than by computing with all the targeted complexity taken at the 

initial input level itself. And, molecular clusters are a situation as 

suggested in the second citation are appropriate to study 

considerably in detail the molecular interactions by QM 

calculations and from the inferences drawn out of cluster based 

studies, it should be possible to construct a macromolecule 

situation for the starting input to the computational simulation of 

the target complexities. Given this much from the two sources, 

the question still remains as to what has been achieved by the 

computational studies related to Biological systems and in what 

way they are adequate as starting points for utilizing for the 

simulation of macro molecules and their functions. When 

currently high performance computations are possible, does one, 

in reality, optimally exploit the potential of the computing 

powers? To this end it is necessary to know precisely, is it the 

computing power that was all wanting until current stages. If the 

mathematical techniques used for evaluations and the theoretical 

formalisms were inspired by the computing powers available 
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earlier, then are they good enough to withstand the intricacies that 

can go unnoticed by the super fast computations? 

 

1.3 Molecular Dipole Moment 
 

In discussing the subject of neutral ions, (a positive charge and a 

negative charge within a molecule as in Fig.1) charged ions, 

neutral radicals and radical ions, and neutral radicals, it is 

necessary to distinguish when the molecule can possess a dipole 

moment and the relative magnitude with specification for 

direction of the Dipole Moment Vector (Fig.2 & 3). Concerning 

the conventions related to the specification, an ambiguity results 

(see: cited references 7-11) because of the difference in specifying 

the same quantity in different contexts. This must be well 

ascertained before deriving conclusions from small-molecule 

computation of structure and reactivity so that these conclusions 

can be unquestionably validated for transfer to the context of 

macro molecular studies. Hence, a brief digression seems 

warranted to grasp the foundations of the basic physical 

chemistry.  

. 

The links to internet resources in references 7-11 provide the 

necessary alert and clarifications in this regard:      

     

To illustrate the necessary point of view, consider the glycine 
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molecule, which is an amino acid. When an input (guess) 

structure is generated for a geometric optimization, the chosen 

computational method and the basis-sets may result in a 

convergence to different possible output structures, which must 

be subsequently rationalized for including it in a macromolecular 

context, may be at the guessing the input structure for a 

macromolecule built with such optimized small molecule-

structures. Then one may find that each one of the alternative 

structures would have its own characteristic different magnitude 

and direction (with respect to the atoms in the molecule), and the 

corresponding electrostatic interaction with another molecule of 

given structure, may vary and the resulting optimization of the 

molecular interaction would depend on the variations in the input 

structure. Then, the choice for the valid interaction (relativities) 

would be rendered inconclusive even after detailed and valid 

computations. For a large change in the dipole moment, the 

corresponding optimized energy may not differ significantly, and 

this is a reason why the optimization can lead to different 

structures as output-optimized structure. The structures and dipole 

moments with RHF energies are given in Fig.4a – Fig.4e.                                                                                  
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Fig. 1   Excerpt from Textbook of Organic Chemistry 
Textbook: ORGANIC CHEMISTRY, Robert Thornton 
Morrison, Robert Neilson Boyd, Chapter 36, Page 1210 
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Fig.  2   Electric Field and Electric Dipole moment 
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Fig.3 Calculated Dipole Moment for 
Water Molecule & Hydronium ion  
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 Fig. 4a Calculated Dipole Moment– 
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Fig. 4b The Glycine Unionized Form: Structure1  
QM results on energy & Dipole Moment 
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Fig. 4c The Glycine Unionized Form: Structure 2                                                                      
QM results on energy & Dipole Moment 
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Fig. 4d The Glycine Unionized Form: Structure 3                                                                 
QM results on energy & Dipole Moment 
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Fig. 4e the Glycine Unionized Form: Structure 4 QM 
results on energy & Dipole Moment 
http://www.ugc-inno-nehu.com/DBIBT/0_0_Lecture_presentation.ppt 
http://www.ugc-inno-nehu.com/DipoleMoment.ppt  
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Chapter 2 
The Approach for small molecule QM computation 
 
 

The Quantum Chemical calculations in this Chapter report the 

details which are usually taken as for granted since the subject of 

Amino acid is a well studied subject. In the light of the fact that 

these details when calculated out, using the softwares program 

packages currently available for quantum chemical calculations, 

can be revealing to the beginners to the macromolecule 

computations the relevant points on the QM calculations are 

being described.  

 
 

2.1 General Considerations 
 

To proceed with the computational chemistry, for the 

requirements as enumerated in the introduction, note the 

computational results on somewhat similar kind of approaches as 

reported in the three references (12, 13 and 14).  

 

In reference 12, the quantum chemical methods, PCILO and SCF 

abinitio methods, have been chosen to study the Phospholipids 

and GABA in the aqueous environment. The procedure might be 

described as c luster calculations on the chosen biological systems 

surrounded by a fixed number of water molecules arranged as per 

the possible dipole moments in the biological molecule and their 



-119- 

 

 
 
 
 

interaction with the water dipole moment. Several series of 

“clamped nuclei” as structure-inputs, energy values were 

calculated, to spread out the cluster with different dihedral angles 

varied systematically, somewhat similar to the φ, ψ variations. A 

graphical analysis of the energy values for the various dihedral 

angles could make it possible to infer the minimum energy 

configuration and the disposition of water molecules. In the 

present context, the question to be answered was: ”if an 

appropriate input structure, of the bio-molecule with water 

molecules surrounding it, is subjected to Geometry Optimization 

what would be the Optimized Geometry and the intermediate 

structures encountered in the various steps of interaction?” 

 

The reference 13 is not so much of a computational chemistry 

result, but has conclusions relevant for answering in detail on 

aspects of computational chemistry. In fact, the significant 

conclusion as to the way the hydronium ion in aqueous media 

happens to participate in solvation assisted chemical 

transformations is well substantiated in the Quantum Chemical 

computational results reported in the present work. 

 

The reference 14, while reporting the studies on structural aspects 

of hydrogen bonding in biological model systems considers the 

results in terms of the charge delocalization, partial charges on 
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atoms and the orbital dispositions in such a way that cluster 

calculations can be applied profitably to get further clarifications. 

 

There are five sections in this article to follow. These contain 

results of Quantum Chemical computations, which demonstrate 

that such results and analysis could provide useful local structural 

dispositions, which can be assembled to make up a more viable 

molecular structural model to initiate a high-power computing on 

large systems to arrive at more realistic and truthfully better-

ordered structures of macromolecules. In addition, the various 

energetically closer structures can be assigned a priority 

depending on their probability of occurrences based on local site 

dependent cluster studies to indicate the favored interaction 

pathways. 

 
 

2.2 Amino Acid: Zwitterion Input converges to Non 
Zwitterion 
 

 

This section illustrates that the common and popular structural 

notions, in connection with the α-amino acids which are the 

building units for proteins, needs to be associated with an alert 

with the results from a computational Chemistry software. The 

most popular and striking structural feature is the existence of 

zwitterions (Fig.5) form for the neutral, free amino acid.  
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All the biochemical consequences become explainable by the 

zwitterions configurations. When a non-ionized neutral form is 

the initial input structure for Geometrical Optimization, the final 

optimized output structure invariably remains the same as the 

input unionized form. This indicates that the unionized neutral 

molecule is the stable isolated molecular structure. On the other 

Fig. 5 Glycine: The structural details 
of Unionized Form & Zwitterion Form 
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hand, when a zwitterions form (Fig.6a & Fig.6b) of the molecule 

is the initial input structure to be optimized, then the output 

structure turns out to be the unionized neutral form and the 

optimization proceeds speedily and in a few steps of iteration, the 

convergence occurs. From this, the inference could be that the 

presence of water and the neutral pH of the medium set the 

conditions to stabilize the zwitterions form. This fact that isolated 

unionized form is more stable is evidenced by small molecule 

computation. Other than this there are only a few spectroscopic 

evidences reported to ascertain this situation when such 

experiments could be carried out in near isolated molecular 

situations, like the low-pressure gaseous samples. 

 

The glycine molecule could be studied from this perspective, with 

the “Gamess” computational software at the online computational 

Chemistry site at http://www.webmo.net . The structure sequence, 

as obtained (Figure-6a) at the iterative steps until the 

convergence, is examined for the possible inferences from 

intermediate steps. Optimization procedures started with the 

nonionic neutral form of the glycine resulted in the optimized 

nonionic neutral form. When the program was run with zwitterion 

(ionized neutral molecule) form, the optimization converged to 

the unionized neutral form. The consequences of the optimization 

as monitored in the intermediate structures could be further 
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correlated with the calculated NMR chemical shift (Fig.7a & 

Fig.7b) changes for these structures.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6a Structural Sequence for Optimization 
of Input structure: Glycine 
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Fig. 6b Energy for the Structural 
Sequence  
in Optimization of Input structure: 
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Fig.7a Calculated Chemical Shifts: 
PMR:                                                             
Glycine Unionized & Zwitterionic 
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Fig. 7b Calculated Chemical Shifts, PMR: Corresponds to the 

structure sequence obtained in a   Geometry Optimization. 
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Would it be possible to distinguish these two forms of the Alpha 

amino acid (the unionized structure and the zwitterionic structure) 

when subjected to a spectroscopic study?  For this query,  

calculated theoretical spectral features, can be analyzed for a 

possible answer  since the two structural forms can be subjected 

to calculation independent of one another, where as for practical 

situations the two forms can possibly obtained only as 

equilibrating structures (17). 

  

Fig.8 Dependence of CMR chemical shifts on pD 
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The dependence of methylene 
13

C and 
1
H chemical shifts on pD 

in glycine surprisingly move in opposite directions, although 

normally they show parallel effects in changing chemical 

environments. 

 

The change in pD results in the change from NH3
+
 CH2COOH 

(acidic pD) to NH3
+
CH2 COO

-
 (zwitter ion neutral pD) to 

NH2CH2 COO
-
 (alkaline pD)    and the neutral nonionic form is 

absent throughout.    This is a protonated form becoming a 

deprotonated form through a neutral zwitterionic form. The 

inference from above is that change from protonated to 

nonprotonated to deprotonated structure does not cause parallel 

change in electronic structure at the carbon and the protons of 

Methylene group. The protonation and deprotonation do not occur 

at the same group in the molecule. This surprising feature 

probably may not arise if there is possibility to change from 

zwitterionic Form to nonionic form NH2CH2COOH and obtain 

experimental HMR and CMR spectra where this transformation 

does not necessitate a change in the number of protons in the 

molecule.  
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2.3  Following the G.O. Steps (Iterations) by Variation in 

NMR  

 

Would it be possible to identify these NMR spectra as 

corresponding with the spectra obtainable for glycine in any one 

of the several,  variable  conditions in a biological environment. 

This question has to be addressed to  specifying the chemical 

conditions like pH and solvent nature, to find out whether it 

would be possible to get a set  of spectra in the same sequence as 

it occurs during the geometrical optimization for the stable 

structure for  isolated molecule. Since such experimental spectra 

would have to be acquired under variety of conditions (mostly in 

solutions of low concentration), a conclusion, for more general 

validity, may not be possible immediately. The spectral data from 

the currently available NMR data base are not adequate.  

 

The dependence of methylene 
13

C and 
1
H chemical shifts on pD 

in glycine surprisingly (Fig.7b) move in opposite directions, 

although normally they show parallel effects in changing 

chemical environments. 

 

The change in pD results in the change from NH3
+
 CH2COOH 

(acidic pD) to NH3
+
CH2 COO

-
 (zwitterions neutral pD) to 

NH2CH2 COO
-
 (alkaline pD) and the neutral nonionic form is 
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absent throughout.   This is a protonated form becoming a 

deprotonated form through a neutral zwitterionic form. The 

inference from above is that change from protonated to 

nonprotonated to deprotonated structure does not cause parallel 

change in electronic structure at the carbon and the protons of 

Methylene group. The protonation and deprotonation do not occur 

at the same group in the molecule. This surprising feature 

probably may not arise if there is possibility to change from 

zwitterionic Form to nonionic form NH2CH2COOH and obtain 

experimental HMR and CMR spectra where this transformation 

does not necessitate a change in the number of protons in the 

molecule. In Fig.8 is a reproduction of results of measurement the 

pD dependence of NMR spectra.    
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Chapter 3 
Bulk-water mediation  
 
 

That the zwitterions form is not the satble form of the isomers of 

free amino acid is borne out by the results of QM computation 

described in the previous chapter. Then, obvious is the situation 

that a free isolated amino acid molecule would display such  a 

trend, while when surrounded by molcules of the solvsnt medium 

in solution where the special characteristics of amino acid and  

also biologically important properties are important, the well 

known zwitterion form might be the stable form. This aspect is 

detailed in this chapter with QM results highlighting the 

importance of such small molecule computation is valuable as an 

optimal input information for modelling biological molecules. 

 
 

3.1 Water Molecules Stabilize Zwitterion Form 
 

As remarked in the previous section that the water molecule play 

a role in stabilizing zwitterions form. A case has also been 

reported how a single water molecule can stabilize the Cationized 

Arginine Zwitterions (19). Singly hydrated clusters of lithiated 

arginine, sodiated arginine, and lithiated-arginine methyl ester are 

investigated using infrared action spectroscopy and computational 
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chemistry. Whereas unsolvated lithiated arginine is 

nonzwitterionic, these results provide compelling evidence that 

attachment of a single water molecule to this ion makes the 

zwitterionic form of arginine, in which the side chain is 

protonated, more stable. The above is an experimental evidence 

of the significance of water molecule (be it is only one molecule 

in this instance) in stabilizing the Zwitterion form in preference to 

the nonzwitterionic form. In the above, the role of single water 

molecule is also studied by Computational Chemistry. Under 

normal conditions, bulk water surrounds a solute molecule in 

aqueous solutions. Known forms of the alpha amino acids in 

acidic pH, neutral pH and alkaline pH are distinctly different. A 

study of the energy of the two forms (nonionic neutral and the 

neutral zwitterionic forms) of alpha amino acid and the 

equilibrium between the two forms would provide more 

clarification on the nature of the alpha amino acids and their 

predominantly known zwitterions forms in the biological context. 

The method for generating structures of solutes surrounded by 

solvent water may be referred to as calculations on 

clusters/Cluster Calculations can be illustrated using a speedy 

semi empirical (parameterized) QM method. 

 

The Chemical “Molecule” itself would appear as a cluster of 

atoms, if the bonds connecting the atoms were not drawn. These 



-133- 

 

 
 
 
 

atoms of a molecule can be placed at such distances from each 

other so that no interactions are possible among these atoms. This 

would appear simply as a cluster of atoms and remain so. If a 

Geometrical Optimization is carried out with the tools of 

Computational Chemistry, then the resulting stable structure due 

to the minimization of energy for the system of interacting atoms 

would be a molecule for which bond connectivity can be assigned 

to call it a molecule which has an independent stable existence; 

and not merely a cluster of atoms. Having the possibility to 

realize Molecular systems from Cluster of atoms, it may be 

natural to enquire further, what would happen if a cluster of 

molecules were subjected to the same kind of Geometrical 

Optimization. Then it is question of Molecular clusters resulting 

in a optimized stable system. The present approach falls under 

this category of investigation with the tools of Computational 

Chemistry. In Fig.9, find that on the left hand side, there are no 

bonds drawn and the entire system seems well described as a 

cluster of atoms. On the right hand side for the same set of atoms 

(in the same relative disposition on the Left), the bonds have been 

drawn and it would be possible to recognize a Glycine molecule 

at the center and surrounded by water molecules. Possible 

differences are due to the differences in the perspectives arising 

while displaying using the visualization tool (structure editor). 

The set of coordinates of atoms of such a cluster of molecules 
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(drawn in the structure editor with or without the connecting 

bonds Fig.9) can be input to a Computational Chemistry 

Software, which would result in the optimized disposition for the 

atoms of the molecules in the cluster. These programs require 

only the atomic coordinates as input, the molecular cluster is a 

cluster of atoms, and the calculations would proceed.  Caution 

must be exercised if any symmetry specifications are required at 

the input stage.  
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Fig. 9 Above: The cluster of atoms (on LHS) corresponding to the cluster 
(on RHS) wherein the molecules are recognizable. Below: Optimized 
structures & Energies: unionized & zwitterionic 
 
 
 

 
 
 
 
 
 
 
 



-136- 

 

 
 
 
 

 
Table-1 Compiled results in Tabular form:   cluster type 
calculation as per the description in text: 
 

   
 

Corresponding to the data in the Table-1, in Fig.10 & Fig.11 the 

computational output in the form of image is presented. On the 

left side of Fig.11 left two clusters of water molecules one with 6 

water molecules and another with 7 water molecules have been 

initially optimized separately. Thus optimized clusters are put 

together to form a larger cluster of 13 water molecules. This 

system of two (optimized clusters) when subjected to Geometrical 

Optimization results in an optimized cluster of 13water 

molecules. Relevant energy data are given above. The details of 

the actual quantum chemical method chosen is not given above 

 NO Solvent 6H2O 12H2O 24H2O 

L-Alanine_neut 
-30649.3999 

kcal/mol 
-78913.5039 

kcal/mol 
-127191.4901 

kcal/mol 
-223743.5204 

kcal/mol 

L_Alanine_ZI 
-30618.4996 

kcal/mol 
-78901.9898 

kcal/mol 
-127195.3701 

kcal/mol 
-223746.0048 

kcal/mol 

Remarks 
On Stability of 
neutral form vs 

ZI form 

NEUT is more 
Stable than ZI 

Neut-ZI= 

-30.9003 

NEUT is more 
Stable than ZI 

Neut-ZI= 

-11.5141 

ZI is more stable 
than NEUT 
Neut-ZI= 

+3.88 

ZI  ismore stable 
than NEUT= 

Neut-ZI= 

+2.4844 

  
NOTE the reversal in Stability trend 

as compared to the previous two 
columns for No Solvent & 6H2O 

Single-point 

In the solvated ZI 
structure the 

Aminoacid is deleted 
and the Water system 

was subjected to single 
point energy 
calculation 

-48234.4488 
kcal/mol 

-96500.8360 
kcal/mol 

-193048.9025 
kcal/mol 

G.O. 

After Calculating the 
single point energy, the 
same was subjected to 

Optimization 

-48262.7168 
kcal/mol 

-96543.5626 
kcal/mol 

-193107.6346 
kcal/mol 

One H2O G.O. 

Single h2o optimized 

-8036.9395 
kcal/mol 

6 x -8036.9395= 

-48221.637 
kcal/mol 

12 x -8036.9395= 

-96443.274 
kcal/mol 

24 x -8036.0395= 

192886.548 
kcal/mol 
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since at this moment this may be a detail, which can be deferred.  

A cluster of 13-water molecules, with the constituent molecules 

arranged with a well-defined symmetrical order was subjected to 

the same Geometrical Optimization as for the system on the left. 

The resulting Optimized molecular cluster of 13 molecules is also 

displayed with the comparable data. This illustration is mainly for 

noting the possible queries, which can arise from such an 

approach (Fig.12). 
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Fig.10 Cluster of Water Molecule and an Amino Acid 
Solute: Results QM Calculation 
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Fig.11 Different ways of Forming the Cluster of same 
number of  Molecules; by Different Input Cluster-
Structures &   QM Calculation Results 
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Fig.12 Proton Transfer: A Common Criterion for the 
Role of  Water Medium; intervening Hydronium ion. 
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3.2 Water Mediates Dynamics:Hydronium Intermediate 
 
 

Theoretical Investigation of the Neutral / Zwitterionic 

Equilibrium of γ-Amino butyric Acid (GABA) Conformers in 

Aqueous Solution (20) indicates that, since γ-amino butyric acid 

does not form a stable zwitterionic species in the gas phase, as 

calculated at the HF/6-311++G** level, the GABA·2H2O system 

was optimized for several neutral and zwitterionic GABA 

tautomers/conformers. The obtained molecular geometries and 

vibrational frequencies determined for the dihydrates reflect 

structural changes for GABA due to close and strongly bound 

water molecules. MP2/6-311++G**//HF/6-311++G** energy 

values show that the neutral (nonionic) form is strongly preferred 

over the zwitterionic one for the isolated GABA species. The 

neutral tautomer, which is most stable in the gas phase, is only 

marginally changed by hydration; it is without an intramolecular 

hydrogen bond and has nearly gauche−gauche arrangements, 54 

and −83°, for the NCCC and the CCCC torsion angles, 

respectively, as determined in the dihydrate. In aqueous solution, 

the zwitterionic structure is dominant. This structure differs from 

the trans−gauche zwitterionic conformer found for GABA by X-

ray experiments in the crystalline phase (21,22). 
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Further reports on the role of water in relative stabilities are given 

(23) in which the Hydration Isomers of Protonated Phenylalanine 

and Derivatives was studied to infer on the relative stabilities 

from Infrared photo dissociation. The binding sites of water 

molecules to protonated Phe and its derivatives are investigated 

using infrared photo dissociation (IRPD) spectroscopy and 

kinetics as well as by computational chemistry. Calculated 

relative energies for hydration of PheH+ at various sites on the N- 

and C termini depend on the type of theory and basis set used, and 

no one hydration site was consistently calculated to be most 

favorable. The study of the role of Hydronium ion in Proton 

transfer provides evidence that the bulk water presence is a viable 

medium for proton transfer to occur.  

 

What happens in isolated amino acid molecule (Geometry 

Optimization starting with Zwitterion form) can happen 

unhindered even in presence of water (Fig.13, Fig.14 and Fig.15). 

Now, the question relevant seems to be to find ways for proton 

transfer from the carboxylic acid function (of the nonionic amino 

acid) to the alpha amino group in the molecule. This requires the 

possible specific water-amino acid interaction, much more close, 

within the coordinate sphere of the amino acid, and find how the 

bulk water medium could further facilitate. The main inference 

from the results considered until now is, possibly the 
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ZWITTERION form of the amino acid exhibits the proton-

releasing tendency of the ammonium group at provocation of the 

presence of an Oxygen containing system in the neighborhood. In 

the absence of any other molecule, the carboxylate ion of the 

isolated amino acid receives the proton readily. The molecular 

electrostatic potential could be a useful quantity, which can 

further aid the understanding of the medium effects. 
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Fig.13 Changes in the Geometry-optimization Structural  
                 Sequence due to Water Medium 
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Fig.14 An Illustration of origin of Molecular Electrostatic 
            Potential 
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Fig.15 The Molecular Electrostatic Potentials: Contour Diagram 
(two interacting water molecules) 
 
 
 

Is it possible to investigate the role of water mediation to such an 

extent that, the zwitterions form becomes more stable in such a 

surrounding as compared to the nonionic form? 

The methods of Molecular Electrostatic Potential in the 

Computational Chemistry tries to derive the benefit of Chemist’s 

intuition imagining as if a proton can be placed around the 
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molecule, and try to find out its energy values due to the 

electrostatic interaction with the molecular charges. Essentially, 

molecular environment favors certain dispositions; which, 

eventually makes possible certain reactivities for the given 

structure. 

 

In a similar way, by examining the dipole moment of the 

molecule and placing water molecule in the neighborhood, is it 

possible to find a favorable number of water molecules in the 

coordination sphere? What is the relative disposition of these 

water molecules, which influence the proton transfers (Fig.16) to 

take place in such a way to be lodged at the ammonium ion region 

rather than the carboxylate ion region of the amino acid? Such 

environmental information is attempted at with two water 

molecules in the neighborhood. 
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Fig.16 Two Molecules of Water around Glycine: G.O. Influenced 
by Differences in the Disposition 
http://www.ugc-inno-nehu.com/DBIBT.ppt  
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Chapter 4 
Chiral-recognition by NMR spectroscopy: a theoretical 
approach 
 
 
 

Chiral-recognition by NMR is not mainly a theoretical approach. 

This is a experimental NMR task and there have been several 

reports of distinct NMR pulse sequences set out to make a chiral-

recognition and to some extent the absolute configuration. 

Complexing the chiral ligands with larger molecules, and finding 

the difference in the NMR of larger guest molecule & ligand 

chiral molecule when they are made into a complex molecule is 

chemical method and this has not found many theoretical studies 

in reports. Below in this chapter this complexing method is 

studied by a theoretical modeling approach to find out how the 

variations in NMR spectra under complexed situation can become 

more informative. This topic also seems to be well suited for 

illustrating the considerations in molecular modeling studies of 

macromolecules (biological systems). 

 

  

4.1 Distinguishing Features of Chirality 
 
Such small chiral-molecules as are depicted in Figure-17, can be 

complexed with larger host molecules and the NMR spectra of the 

resulting complex is used for recognizing  the chiral form, the R 
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or S. Amino acids are designated by L or D optical isomers 

(equivalent to R,S designation) that corresponds to the presence 

of asymmetric carbon / a chiral centre. Most of them are 

experimental studies and not much Computational chemistry is 

reported on such systems for the calculation of chemical shifts of 

free host and ligand molecules, for a comparison with the 

complexes. Thus, this presentation is a study reporting a small 

molecule docking with a larger molecule and the use of 

calculation of chemical shifts on certain model systems. Just as 

much as experimentalists use NMR spectroscopy as an analytical 

tool for structure determination, it is being pointed out that (24) 

trends using Chemical shift calculations can be so much useful in 

modeling studies even if the calculated shift values do not 

reproduce the experimental shift values. 
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Fig.17 Chiral Ligand Molecule; R & S Configurations 

 

4.2 Crown Ether Host for Chiral Ligands 
 
The reason for the use of Crown Ethers (Fig.18) seems mostly 

due to the presence of coordinating Oxygen centers in abundance 

in this molecule and the simplicity in using these experimentally. 

In addition, in spite of its complex appearance, the molecule has a 

simple two-line NMR spectrum for the D3d symmetry. 
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Fig.18 Crown Ether: Details of Molecular Structure 
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The two-line spectrum of the 18-crown-6 ether, due to the 

fluctuations and conformational dynamics in solution gives a 

averaged single-line spectrum as much as the cyclohexane 

(Chair). The experimental PMR spectrum of 18crown6ether 

displays a single line spectrum at 3.691ppm; this value is higher 

than the average value of the two-line theoretical spectrum 

(Fig.19) {~ (2.0+2.5)/2=2.25ppm}.                              
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Fig.19 Calculated NMR: Proton Spectra of Crown Ether &  
          Cyclohexane 
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Such differences can be reconciled by using a better QM method 

of calculation and, a scaling seems inevitable in any case (24-27). 

If presence of oxygen centers as viable coordinating points is 

important, then the Cyclohexane analogue, trioxane could also 

serve the purpose, and for the theoretical modeling such small 

host molecules and comparable size chiral molecules could be 

convenient to indicate the trends of interactions determining the 

possibility of chiral discrimination. What makes these kinds of 

studies tedious and prone to ambiguities is: the experimental 

search for appropriate Guest and Host molecules which would 

enable some line in the spectrum to be tagged on to distinguish 

chiral–dependence. 

 

Even though handling large molecules (Fig.20a & Fig.20b) and 

complexes of different stoichiometric ratios may not be simple, it 

is possibly worth the while to study using model molecules to 

find out the trends of interactions when the chiral discrimination 

is possible. 
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Fig.20a Crown Ether like Hosts and Chiral Ligands; Complexing  
             and Experimental NMR Trends 
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Fig.20b   Host-guest NMR Titrations 
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4.3 A Small Molecule Analogue of Crown Ether 

 
As has been pointed out earlier, when presence of oxygen centers 

as viable coordinating points is important, the cyclohexane-

analogue trioxane could also serve the purpose. In addition, for 

the theoretical modeling such small host molecules and 

comparable size chiral molecules (such cases might be beset with 

experimental difficulties of making the complexes) could be 

convenient to indicate the trends of interactions determining the 

possibility of chiral discrimination. One of the instances of 

docking study reported in the literature (Fig.21).  
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Figure-21 A complex of Crown Ether Based Host and Chiral 
Ligand: Illustration of the disposition of the Two Different 
Chiral Molecules. 
 
 
 

The structural dispositions of the two chiral molecules are 

illustrated. The host is the same. These differences have to be 

clearly discerned from NMR spectra by unambiguously assigning 
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the spectral lines to the protons for all concentrations. For this 

purpose, at least to illustrate what the difficulties are, in the 

present work results of theoretical QM calculations are presented 

(as in Fig. 22 to Fig.25).                         
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Fig.22 A Molecular Mechanics Calculation of Complexation 
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For example in Fig.23 Fig.24a, Fig.24b & Fig.25 a conclusion 

could be drawn as below by comparing the (calculated) NMR 

spectra of Complexing the same ligand with R & S compound. In 

the spectrum of complex for R and S, the corresponding 

expansion in the 4.6 to 5.2 region is given to note the difference. 

This example illustrates the theoretical approach has advantages. 

Further details can be found in (28). 
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Fig.23 Use of Calculated NMR Spectra: Context of   Crown 
Ether host – Chiral Guest Molecule 
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Fig.24a A Model Host Molecule (Smaller Analogue of Crown 
Ether): NMR Chemical Shifts 
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Fig.24b The calculated (Chemical shifts only) PMR spectrum of 
the guest molecule only after the complexation 
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Fig.25 The expanded region of the spectra (of Fig. 24a & Fig. 
24b) highlighting the details of the differences.  
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Chapter 5 
Conclusions 
 
 

As discussed in Chapter-1 the various molecular structural aspects 

require a revised outlook in view of the fact that the small 

molecule computational chemistry can significantly aid the Macro 

biomolecular modeling significantly at the input stage, and 

subsequently monitoring the optimization criteria during the 

modeling. In Chapter-II, the emphasis was that even with a 

moderate computation facility, beginners to QM computations 

can get involved in the macro molecular modeling concepts by 

carefully choosing a small molecular context relevant for the 

biological pathways. By this it seems simpler to get to know 

better about the QM formalisms with practically computed 

results. Chapter-III illustrates further the phenomenal role of 

water medium in biological systems starting with the textbook 

case of free amino acids, the glycine for example. The way the 

water medium plays role is evidenced by calculating the energies 

of systems, with increasing number of water molecules around the 

solute molecule to begin with. Then, choosing specified number 

of water molecules with specific orientation around the solute it 

was possible to evidence the significant changes in the course of 

structural variations by a relatively inconspicuous change in the 
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input structure. The interaction of the solvent as a medium and the 

specific solute molecule- solvent molecule interactions could be 

demonstrated all by using readily available computational 

facilities. In the last chapter, using a Crown ether host and a 

smaller size analogue, the actual modeling considerations were 

explained as applicable for a computational effort. Significantly, 

theoretical calculations of the spectroscopic parameters for the 

trends during the course of computations can be as much a tool as 

the experimental spectra from the spectrometers. The actualities 

of how well the theoretically calculated Spectroscopic parameter 

values really reproduce experimentally observed values could be 

some time relegated to a subsequent consideration provided the 

trends provide significant inferences. Such computational 

exercises can be simultaneously is a useful beginners approach 

and an aid for advanced bimolecular modeling experts. 
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Introduction: 

 

Mostly, when an individual has the interest, tenacity and 

perseverance to proceed towards specializing in a subject matter, 

that is an academic pursuit, then, it is indicative of the aptitude for 

basic science. It is not necessary that students should opt for 

mathematics, physics, chemistry or any of the life science 

subjects to be acclaimed as scientist pursuing basic science. What 

is more important is that the persons should not be preferentially 

choosing emolument oriented occupations, but keep aside the 

earning as a consequence of having to sustain the academic 

activity. But, the employers have equally a pressing necessity for 

talented candidates for what they can offer them as job 

requirements and emoluments. How many people have their 

living conditions so set to give priority to learning, rather than 

thinking for a living? In fact, the science and technology activities 

are precisely meant for improving the living standards. How 
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many people can offer to be thinking of global welfare (1) without 

having to think about improving one’s own living conditions to an 

acceptable level? These are the issues which require to be 

addressed to, but sounds too familiar and repetitive and hence 

relegated to lower the priority levels. 

 

With the above perspectives in view, the question of what 

constitutes learning and how learning by an individual can be 

sustained must be addressed. In addition, would it be possible to 

address those questions without considering how it is beneficial 

and who is the beneficiary of the activity? It is these 

considerations, which inadvertently get people into a vicious 

circle, and the greatest disadvantage that results from these is 

hectic activity and no effective progress even when substantial 

output is accounted for. It is that ineffectiveness, which calls for 

quality assessment and accreditation of educational institution (2), 

which again has a bifurcated route as to whether, what is required 

is an internal assessment or an external peer reviewing. It would 

be emphasized in this paper that it is necessary to take cognizance 

of the fact when, at the end, one reaches to the same beginning, 

and then appropriately reinforce the activity with progressive 

measures. 
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Learning Science Subjects: 

 

Seeking to learn science has the following in-built criteria:  

1. Inspiration from events  

2. Intuitive inquiry as to what happened and how it happened 3. 

Innovative reasoning; followed by initiating experimentation. In 

the early childhood, with the attributes of innocence, the 

impetuosity necessarily is an admirable quality. These are the 

inherent abilities (which vary from one individual to the other) by 

which human beings learn to do things by an exposure to what is 

available to them in the surroundings (again, a variable factor 

from an individual’s surrounding to the other). An important 

criterion for not missing the inherent abilities one is endowed 

with is to realize that an intuitive approach is most often a 

beginner’s approach. As people grow, an individual learns how to 

discriminate what is good and what is bad, and, in that process 

one should not lose sight of how one got the definitions of what is 

good and what is bad; and, how it can stand the test of time and 

how it became a durable guiding principle. This cognizance does 

not become available as inherent, but the individual’s maturity is 

reflected by how well the individual gets to appreciate and retain 

the beginner’s approach even as a grown up expert. It is often 

quite true that, those aspects, which bring the person to adapt a 

beginner’s approach, is all that matters between the successful 
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individual and the others who are still in the process for getting to 

grow. Do our educational structure subscribe to monitoring from 

this point of view? Is our data tabulation good enough for any 

talented individual to learn quickly as to what the distinguishing 

feature is or what is ailing in the methodology? How should the 

design of curriculum ensure an unfailing recognition of the 

talented students? This means asking the following question; is 

our evaluation and grading procedures flawless? Does the current 

system of evaluation and grading require introduction of value 

addition beyond the marking procedures to indicate the ‘talented’, 

which are to be searched out by the ‘add-on’ talent-search 

methods.  

 

 

Formal Learning of Science: 

 

In the context of the three criteria of learning science enlisted 

above may be considered to be based upon the a priori definition 

that early stages of “playing and learning” is learning of science. 

In fact what we get exposed to by being active through the day is 

to perceiving properly the stimuli from the surroundings and 

appropriately negotiating these for the sake of what would be 

happening and how to handle the events thus encountered. When, 

it is a question of trying to know what to do in future, the 
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experience at present matters most. If events occurring are not so 

frequent or do not lend an evident cause or simple reasons, the 

way is to make this event occur by setting out exclusive 

conditions extraneously. This is how experimentation is initiated 

and for which, perception with the usual sense organs may not be 

adequate; but an aid from instruments may be necessary which 

can magnify, attenuate or alter the stimuli (signals) to 

conveniently study the responses. Thus these instruments 

supplement and reinforce the human sensory organ functions. 

Trying to find out how to enhance the sensibilities by appropriate 

external contrivances and devices is part of learning science 

without which basic science subject study would be stale and 

naturally, interest would dwindle. If they get interested in science 

instrumentation, it should not be construed as lack of interest in 

physics, chemistry or mathematics. Engineering subjects require 

basic science subjects (3) to be studied in their core courses. Even 

though most of the engineers are employed in technical jobs, if 

the invention and construction spirit is retained to be for original 

inventions then genuinely it is basic science. On the other hand, if 

an useful instrument is invented and the a prototype well tested, 

then, an industrial viability can be established to produce several 

units on the basis of originally invented prototype. This can 

become part of routine production process based on a technical 

training is not an activity to learn science, but could be a means of 
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earning lively hood. Such industrial activity maintained in robust 

productive capability is a healthy sign in a social set up. For such 

overt reasons of utility and benefits, the industry may be earning 

well to pay the employees well and more such units are necessary 

to prosper and technologically develop. However, the entire 

edifice is realizable only if there had been an inventor who might 

not have earned much out of the invention. In general the basic 

science learning can bring benefit more by the altruistic 

contribution of the few to the knowledge bank and it provides for 

many to prosper. Now, is the question of which would a person 

from a developing stage prefer? The aspiration for learning and 

contributing can be sustainable only if a beginning is made to find 

time after providing for the means of sustenance. Any amount of 

incentives cannot attract even the talented towards basic science; 

for, it is not uncommon to find critics among the talent searchers 

who comment in other quarters that such people are spending 

time on nothing concrete and worthwhile. It is necessary to find 

talent searchers who can really provide environment conducive 

for inquisitiveness beyond the already proven facts which are in 

abundance and available to study and learn. Thus, curriculum 

designers must provide for such extra-curricular curiosities, and 

the teachers must be talented enough to know the budding 

inventor rather than dubbing such aspirants as going astray from 

the main course. It is this aspect, which is critical in bringing the 
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talented into the path of invention as they learn what is already 

known. This would strengthen the purpose of education and retain 

the values for intellectual pursuits, which is why basic science 

stream has to be made more interesting to the learners. The 

activities for prosperity and technological advancement can get 

the required replenishment, when the basic science activity is 

sustained by all those few, who have the inherent talents. In 

addition, they must have the altruistic temperament to involve in 

such basic aspects rather than becoming a drop in the ocean 

among those who have the talent and skills tailor-made for taking 

the human activities along the road to prosperity. 

 

Curriculum Design: 

 

As enunciated in the previous section, the “spirit of invention” 

must underlie as the guiding principle for “learning what is 

already known”. This requires that what is already known must 

be learnt so thoroughly that the learning process takes the student 

to the frontier of the topic to know what is yet remaining to know. 

Concluding that everything is already known would put an end to 

the necessity to think that there are things yet to discover. If ones 

inherent abilities do not permit any more inquisitiveness after 

getting cent percent of the marks for the questions set to answer, 

that is where such efficient flawless delivery system in teaching-
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learning has not made investments, but simply bartered materials 

away under a conserved frame work. This regimented education 

system can turn out smart and efficient students and useful 

citizens but cannot produce outstanding original contributors, 

which cannot be many in number. For the sake of rare few the 

vast majority cannot be exposed to autonomy in learning while 

shaping them to be useful citizens. Hence innovative methods 

cannot be part of everyone’s endeavour; popularizing 

“innovation” must be replaced by promoting innovative 

excursions from the usual practices, carefully not giving rooms 

for permissiveness of the kind that, once set as precedence, would 

cause impediments in implementation of any progressive 

measures when required. To provide for dynamism of the 

appropriate proportion in the routine regularized activity is the 

improvisation that would render ever-refreshing curricular 

contents. 

 

It is said that the exercise that the students go through in the 

regular study should be such that having solved ‘n’ number of 

problems under the teacher’s guidance, must be capable of 

solving the ‘n+1’th problem on their own. Which means they 

should not have been good enough, only to solve any of the n 

problems on their own and score cent percent; they must have 

been given a thought development on the subject matter that they 
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can think one their own about the subject matter. This calls for 

talent generating teaching methods rather than specialized 

questionnaires for talent search, wherever it exists. As a teacher 

(even an inexperienced teacher) transfers known textual 

information in the classroom, it should be possible to know 

whether such an n+1th problem gets generated or not. For 

instance, a definition to make it clear to the students would 

require descriptions in teacher’s own words. If the teacher is 

inexperienced and could not do a full justice, then there would be 

questions from the student listeners, which is the beginning of the 

required dynamism, which improves the teacher and projects the 

standard of student listeners as to what their attention in the 

classroom is about (attendance or audience). 

 

The teacher must be gradually learning how to teach what he 

knows and the students must think all about what the teacher 

meant and be convinced about it. When this practice of teaching a 

specified content reaches a satisfactory level, the content must be 

further enriched. This calls for the appropriate accreditation to the 

institution for the progress made compared to what they did 

earlier and compared to the other institutions. Thus generating an 

interest at the frontiers of the specified content should be the aim. 

Also, it becomes the index for monitoring the quality. This must 

ensure that, all the time, first and foremost the specified ‘n’ 
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number of problem contents must be solvable by one and all and 

look for students who can become curious at this frontier and 

articulate to express this curiosity amicably. With proper 

orientation, it is not difficult to design the curriculum and make it 

interesting even with only a specified content. 

 

It is for the interest at the frontiers of the specified content that 

students must be given exposure to ICT tools. This requires 

carefully monitoring what the students want to do when they seek 

the ICT tools anytime. Thus a councilor must be paying 

individual attention on such students to know what they get 

curious about, without interfering with their thinking line. If at all 

any, a discussion and/or peripheral conversation can convince 

them when their preoccupation is unnecessary, and consequently 

dissuade them away from such tendencies. 

 

At this stage, when they tend to be fissiparous and waste their 

time appropriate advice about the value of time and the necessity 

to earn can bring them back to a training that is necessary to be a 

part of an organization trying contribute one’s own portion 

conscientiously for the welfare of that organization. The personal 

attention can also bring to light any of the student’s need to look 

for earning, as a responsible member in a social structure and look 

for appropriate placement.  
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Such of those students whose personal requirements reveal a need 

to go in for earning in preference to their natural and inherent 

talent for intellectual pursuit, must be given adequate assurances 

for financial assistance and appropriate job openings if they 

continue to prove original in their approaches in learning and 

rendering the standard known materials. This would pave the way 

for opening the potential that a person has to become discoverer. 

These reassurances and assistances should be having popular 

support so that it never becomes precedence for anyone to cite for 

exploiting it for their own ends. To make the exceptional look 

ordinary and a matter of routine requires careful handling not 

evoking discontents, disagreements and not invite uncalled for 

attention. 

ICT and Educational Technology:I.C.T  stands for Information 

and Communication Technology. To think of it, basically, 

teaching is effectively transferring the information content in 

prescribed books or publications to a group of aspirants who want 

to know the particular subject matter. Hence it is not unusual to 

become enthusiastic about the advantages of the ICT tools for 

classroom teaching (5) and retrieving the information at one’s 

own door steps with the possibility of the variety of resources as 

data base and their retrieval being made conveniently possible at 

each and every one’s door steps. But it must be borne in mind that 
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conducting exams in a meaningful way would require answering 

scripts and not producing documents from ICT tools. Handling 

ICT tools, itself is a subject to be mastered and then must be used 

for studying the specified topics of a given syllabus. Thus, 

unconcerned exposure to ICT tools is not bringing in innovation 

component. 

 

On the other hand, it is quite common for teachers to use 

overhead projectors for depicting certain features of the subject. 

However, these transparency contents can be supplied to the 

students to enable preparing for answering questions in exams. 

However, animations do play a great role in explaining time-

dependent events concisely and quickly; which by printed 

materials would require several pages. When such animation tools 

explain the subject well, the students should be given a summary 

of the lesson to be learnt in such a way that a question set on 

those animated features would require only the conventional pen-

on-paper description and not require an animated file as answer. 

This is not usually simple and this cannot be managed by all 

teachers. Moreover, it is really beyond the scope of teachers to 

know which part of the subject requires an animated feature for 

the students to follow, without wondering only about how the 

animated output could have been made. Besides the novelty in the 

way of delivery, the attention of the students should be mainly on 
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the subject of study. This once again is not easily achievable by 

the teachers. Even though it is possible to cite the several 

youngsters easily getting used to the terms of ICT tools, much 

less is achieved in substantially accounting for what good this has 

done in improving their grasp of the subject of study. 

 

In this regard, two research reports of case studies from IGNOU 

are to be cited here. One is on learner’s perception towards ICT 

(7) and the other is on how non-content related forums influence 

social presence (8) in the online learning environment. Both are 

revealing significant aspects related to use of ICT tools and a 

curriculum design with such ICT component. Such innovation in 

teaching and learning can promote the need-based-learning (5) of 

handling and producing materials with ICT tools. Thus, the 

students can be given specific assignment to produce an 

explanatory material with ICT, for their own grasp of the subject. 

A technical assistant (laboratory assistant) could help them in 

producing the material: thus, it is required to learn about ICT only 

to the extent that they have a material to grasp the regular subject 

matter better. If there were more such instances, the familiarity 

with ICT would become better. Moreover, it is not necessary to 

go through extraneously any courses to get a certificate for use of 

ICT, and such an exercise might after all stand isolated and 

eventually of no consequence. Other possibility is that such 
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peripheral preoccupation with ICT may be good enough for 

getting lucrative offers of jobs and people who have inclination to 

earn would get distracted from the main course of study. 

 

It is hereby emphasized that a reorientation of the way teachers 

impart education and how the managers accord importance to the 

provision of earning or learning alternatives to student is what can 

provide room for improvisation of educational methodology. The 

aim can be better set to nurture the few inherently talented for 

intellectual pursuits without creating an atmosphere of 

discrimination of intellectual pursuits  and material earning 

preferences as different grades of activities (1). Such a 

homogenized environment would be the most conducive for 

advantageously tapping the potentials of individuals for basic 

science study and a robust industrial activity, which would churn 

out responsible citizens who can stand for the welfare of society 

and durable prosperity (3) at large. 

 

Thus this can address to most of the issues that come under the 

Total Quality Management (2). 
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(1) http://aravamudhan-

s.ucoz.com/saravamudhan44/hrd_resource_management.html 
H U M A N  R E S O U R C E  D E V E L O P M E N T  I N  T H E  N O R T H  

E A S T  F O R  T H E  M A N A G E M E N T  O F  T H E  N A T U R A L  

M A T E R I A L  R E S O U R C E S  O F  M E G H A L A Y A  

 
(2) http://aravamudhan-s.ucoz.com/saravamudhan44/tqm.html 

The Extent of Harmony Between Academic Institutions and Industrial 

Organizations:"A measure for Total Quality Management" 
 
       (3)  http://www.angelfire.com/art3/saravamudhan/sri_hledu/  
               HUMAN RESOURCE DEVELOPMENT AS THE SOCIAL  
               FACTOR FOR   SPECIALIZATION WITH  
                INTERDISCIPLINARY RELEVANCE 
 
        (4)  http://aravamudhan-s.ucoz.com/technical_education.html  
              TECHNICAL EDUCATION FOR INDUSTRIAL GROWTH  
              AND   PROSPERITY IN NORTH EAST INDIA 
              http://aravamudhan-s.ucoz.com/BDRay_Felicitation_Volume.html 

              
              In Defence of Regional Economic Development in INDIA: A case  
              for the  North East 

 
        (5)  http://aravamudhan-s.ucoz.com/amudhan_nehu/it_classroom_tools.html  
               http://saravamudhan.tripod.com/infotech_tools/ 

 
        (6) http://aravamudhan-s.ucoz.com/on_resources_NE.html 
              RECOGNIZING AND UTILIZING RESOURCES 
 
        (7) http://www.ugc-inno-nehu.com/IJOP_Vol19_No3_p143-157.pdf   

 
       (8) http://www.ugc-inno-nehu.com/IJOP_Vol19_No2_p73-85.pdf 
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The prevailing trends in the educational system seems to be not 

satisfactory both to the teaching community (inclusive of parents) as well 
as to the students. One of the main grumbles about the formal education 
system seems to be the necessity to conform to the grading and marking 
criteria of evaluation process. The student’s grudge is that the curricular 
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contents of the curriculum by way of retrospective revisions and in depth 
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this talk, an effort would be made to highlight on the effective ways of 
dealing with “information” based on the personal experiences of teaching 
the subject of Chemistry. 
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The phrase “altruistic-collaborative-innovation” was mentioned 

in the lecture at a plenary session of the      99
th

 Indian Science 

Congress which was thought provoking. The open source online 
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internet postings is an example quoted for such innovative 

activity.  

 

The open source (OSD Open source Document) drug design 

postings engages people who are genuinely looking for 

discovering drugs for several ailments and diseases.  

People read through the documented material and follow up with 

their contribution to it. Such O.S. document can be edited online 

(unsecured and open to all) if anyone has something more and 

better materials to contribute.  

It is a matter of trying to arrive at a drug design viability for 

further processing. Online interactive activity can make the 

discovery quicker since many minds work together enabled by the 

information exchange via internet medium 

At such a point the free flow of information takes priority rather 

than intellectual property and patenting issues. One thing that is 

important to note is that drug discovery concerns are not the 

common place interests and only those who are well qualified 

would know and make-out the contents of such proceedings. 

Hence, there may not be much possibility for any one deriving 

benefit for oneself since all that goes through in the open source 

activity must eventually get through pharmaceutical laboratories 

and clinical trials for marketing the drugs.  
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As a matter of routine, IPR issue should not be the preoccupation 

of scientists that makes the scientific activity counter-productive. 

A discovery remains ineffective because, for most of the people, 

it would remain a non-discovery for reasons of information being 

unavailable as to something new has been known. Never the less, 

keeping information within the closed doors is necessary if the 

discovery is going to be harmful to the very same people for 

whose benefit the discovery activity went on and there are no 

inadvertent casualties on the score. Then it may not be protecting 

the person’s right to earn by the credit of discovery (IPR) but it 

would be a question of withholding the right to information.  

 

Altruism for the present context may comprise of an unselfish 

activity, in the concern of other’s welfare, appreciation of other’s 

needs, a compassionate reconciliation for other’s limitations and 

tolerance for shortcomings. Thus the scientific activity is always a 

well intended initiative for improving the overall perceptions even 

at the cost of personal inconveniences of the initiator or scientific 

investigator. The scientific study is the acquisition of knowledge 

about things which can become a resource for others to know by 

reading the inferences. Such study is meant for intended transfer 

of knowledge soon after acquisition. 
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Caution: There should be no precedents set for compelling an 

unwilling individual to work on scientific investigations 

altruistically. There may not be too many individuals who have 

the perseverance to be engaging oneself altruistically in an 

activity which requires a high level of recognized qualification.                                                            

There are several instances to quote for the science discovery 

being made not by job scientists, but by those, who for their 

livelihood were employed as clerks or accountants. There 

discovery subsequently when becomes recognized and the 

discoverers are recognized by awards, all their past hardships also 

add to their credit as shining example of scientific temperament.  

                                                                                                                                               

Truly in the early days of discoveries in science, the scientists did 

not have as much easy ways as the current day priorities and 

provisions for scientific endeavor.                                  Then, the 

notion of altruism - how is it relevant in the present day contexts?  

 

 

It may not be overstating the necessity nor any sweeping 

statement for the sake of expediency, to say that the spirit of 

altruism is much necessary and many scientists can afford to 

uphold altruism as a principle and guideline for socially being 

more productive with science activities. 
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It becomes necessary for every individual scientist to spend a 

little time to make people aware of the contribution made to the 

understanding of nature. 

 

This may be countered by some of the serious scientists when 

they say that all these inventions and results would go into 

modernizing consumer goods in the which would be available to 

people. And, trying to account for the understanding which would 

benefit the common man on a day to day basis would mean a 

waste of scientist’s valuable time. By this indirectly it is meant 

that the concerned industry would have to earn less profit. It is 

just at this point one has to ponder over the kind of stress that the 

fast life brings on the people. Such a situation make people earn 

their bread adequately but the individual development index does 

not record a increasing trend. Since the earn well they can spend 

on their dietary requirements to maintain the health 

commensurate with the fast life and this mere speed cannot be 

making up an efficient person but only be competing with the 

much faster machines. In the long run the machines would take 

over and the people would not have sustainable standard of living. 

This seems to be so with the ever increasing number of qualified 

employees (scientists and technologists) in a Research and 

Development activities. Probably, teachers also do not seem to 

become an exception to this trend.  
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Maintaining a steady activity, with the cognizance of the welfare 

of others as one’s own priority makes the living harmonious in 

the society. The welfare of the members of the community and 

society in general should not be considered by any individual as a 

matter to be disposed by the organization and government. The 

more important a person’s professional involvement is, it is even 

more expected that such individual be communicative to the 

individual on the importance of such activity. But the current day 

trend seems to be IPR awareness seem to be shrouding the 

concerns of RTI awareness 

 

 

 

Under the present context, the emphasis is on information 

dissemination on the science activity keeping in pace with the 

advancing rate of scientific output. Which means science and 

technology products increasingly adds to the living conveniences, 

but the scientific process and methods remains exclusively the 

prerogatives of scientists. When the advantages of science reach 

the public, there must be a corresponding awareness to use them 

optimally and effectively. This means a scientific approach in the 

utilization. The lack of such approach causes an imbalance 

between the necessity (need) of such products / tools and the 

choice of the right kind of goods commensurate with earning 
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power. Excesses lead to wasteful activities and unwanted tension 

generating speed of transactions. 

 

For example, if information can become knowledge, a huge 

amount of information stored in computer memories cannot be so. 

The advantage of such a storage facility is that information 

whenever wanted can be quickly searched out and retrieved by 

appropriately classified and indexed procedures. More 

importantly, people will have to be educated about storage 

retrieval without concern about what information would be 

needed at any particular instant. Without such a knowhow on 

storage retrieval, the entire lot of information is practically out of 

reach in spite of the possession of the storage media with entire 

lot of stored material. But the stored medium itself is not 

redundant because knowledgeable person can access for 

information of any kind any time. Thus the true scientific 

approach is to take possession of such information-bank (storage 

media are available at affordable prices, thanks to Technology) 

and wait till one requires a specific information.  

 

 

Then such instance of access should increase in order to make out 

inferences on as much variety of topics as possible to improve the 

knowledge content of an individual enabling the person to be 
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resourceful and not a joker or a mere entertainer for mediocre 

ends and purposeless activity which does not have any tangible 

objective to benefit society at large (altruistic) but only for narrow 

individual’s pass-time, not even constructively selfish ends. 

Thus, eventually in the long run IT tools and ICT activities take 

the people away from the purposes of knowing the nature around, 

which is the purpose of true scientific activity. By any amount of 

efforts to know about oneself by way of indulgence, one cannot 

turn out objective knowledge that would be useful to others. This 

may lead to utilization of common resources for selfish ends and 

eventually cause depletion of available resources. 

 

Making objectively available ones own subjective knowledge for 

the benefit of others is the altruistic scientific activity which must 

be inculcated from the stage when learning begins for an 

individual.  Not only the scientific research which is important, 

equally important is, making it facile for common people to know 

as much of the results as possible. The later aspect requires more 

time and effort than what it is currently. Such a developmental 

activity does not fetch much financial gains but only the good will 

and appreciation. Hence it is rare to find, among such of those 

who are well accomplished in the scientific research, who seeks 

satisfaction by this additional unprofitable knowledge 

dissemination. There may be many who may be expressing the 
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need for teaching the community that does not have any 

organized machinery to pay for it!  
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The knowledge acquired (learning)  about “men and materials” must be manifesting as a 
material output for making the living more conducive. The way the knowledge materializes to 
be an useful entity seems to be implied here as ‘innovation’.  This additional knowledge 
qualitatively is the ‘value addition’ and a further advantage materially is that it can be the 
‘wealth’.  

Thus acquisition of knowledge is the purpose of scientific activity; and making the 
value addition viable is the technology. Once the viability is established, making this 
outcome reach beneficially for the convenience of public at large is the industrial 
process of manufacturing and production to meet the demand. 
 

Thus 
‘Intellectual 
asset’ 
(knowledge) 
must be for 
generating 
‘material 
asset’ for 
prospering 
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Capturing Aspirations 
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Even though law makers take all perspectives into considerations 

while setting rules and regulations, at every instance a thought 

must be given as to whether Right to Information is in anyway 

constrained by the Intellectual Property Rights, and thus 

restricting an information flow or transfer of knowledge 
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Even though law makers take all perspectives into considerations while 
setting rules and regulations, at every instance a thought must be given as 
to whether Right to Information is in anyway constrained by the 
Intellectual Property Rights, and thus restricting an information flow or 
transfer of knowledge 
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In fact, risk-sharing must 
have the priority, when for 
the sake of information 
dissemination at large, that is 
‘knowledge transfer’, if the 
process of generating 
material wealth must be 
given less importance. That 
is, one must venture to make 
an investment, for the sake of 
well being of many, even if a 
few have to incur a financial 
loss. 
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     A    DEFINITION   FOR    INNOVATION    from the 
book: 

                                                              
 
 

 
 
 
 
 
 
 

Innovation is often the product of necessity tempered with desperation. In 
some cases the absence of resources leads to better approaches.  
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ABSTRACT 
The decontamination of polluted water by the UV/TiO2 has 
been well studied, and in particular, the effect of Dissolved 
Oxygen and the presence of Hydrogen Peroxide have been 
well documented in recent publications. The possible 
mechanisms involve generation of radicals and in certain 
cases recombination of the reactive radicals while the 
organic molecular pollutants are effectively mineralized. The 
radical pair mechanisms, which explain the occurrence of 
Dynamic Electron Polarizations and consequential 
Chemically Induced Dynamic Nuclear Polarizations, have 
also the consequence of affecting reaction dynamics 
involving free radicals. 
To this context it may be worth noting that not only the 
radical pairs generated (by UV radiation) in singlet state , 
but also such of those generated radical pairs separating by 
diffusion and then again getting closer to distances enabling 
overlap of wave functions can influence the reaction 
dynamics). Until now, this author has not known any report 
in the literature on the effect of applied magnetic fields on the 
decontamination efficiencies. Hence, a consideration would 
be reported in this contribution, which can provide the nature 
of possible magnetic field effects on the UV/TiO2/H2O2 
photo catalysis 
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INTRODUCTION 
 

The Photo catalytic reactions using a semiconductor like TiO2 

was found interesting in the context of production of Hydrogen 

from water and for the treatment of contaminated water and air 

particularly when the contaminant to be removed is an organic 

substrate. A simplified diagram (1) indicating the photo activation 

of semiconductor is given in Fig.1 It is mostly the hydroxide 

radical which plays an important role in oxidizing the substrate.  

The typical characteristics of heterogeneous surface catlysed 

reactions are described in most of the Physical chemistry Text 

Books (1). The process consists of 5 steps. These are: “(i) 

diffusion of reactants to the surface, (ii) Adsorption of reactants 

onto the surface,  (iii) reaction on the surface, (iv) Desorption of 

products from the surface, and (v) Diffusion of products from the 

surface” (3). Of these, the first step by which the substrates move 
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to the surface is diffusion process that does not proceed through 

an activated state. Similarly the final step when the products 

formed on the surface move to the bulk is diffusion controlled and 

hence does not require any activation energy. When the radiation 

energy ‘hν’ of appropriate frequency (UV radiation using a lamp 

with λmax at 365 nm is used) the valence band electrons are 

excited (3.2eV) to the conduction band, such an activated catalyst 

particle can be described as a hole-electron pair (h+/e-). And the 

h+ is an electron acceptor and the e- is an electron donor, by 

either of the two characteristics the substrate can be degraded. 

Further the presence of dissolved oxygen DO and H2O2 can 

facilitate the oxidation process and make easier the mineralization 

of the organic substrate to carbon dioxide, elemental carbon, 

nitrogen and oxygen. Even though a direct photolysis has been 

tried out it is the photo catalysis in presence of TiO2 and 

DO/H2O2 which seems to be efficient way to oxidize the organic 

substrates. In all these cases of the so many pathways it is the 

highly reactive OH· radical which seem an important active 

species formed on the surface that causes the quick oxidation of 

the organic substrate. Then the efficiency of this process can be 

affected by the OH· radical diffusing away and getting quenched 

by other OH· radicals in the medium. 
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The two radicals (OH·) when they get quenched what is the spin 

orientation of the two free electrons of the OH· radicals is a 

question which can be considered from the point of view of trying 

to reduces the quenching process and prolong the life of OH· 

radicals, so as to increase the availability for the organic solute 

and enhance the oxidative degradation. It is this aspect which is 

being addressed to in this paper. 

When the two radicals combine to form a chemical bond, the two 

electrons must be in a singlet-state, ready to be a paired electron 

to be shared in the resulting bond of product molecule. In order to 

affect the reaction dynamics, this orientation of spins can be 

influenced by the presence of an external field provided the 

mechanisms operating when the two radical pairs by diffusion get 
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to closer proximities when the wave-functions of the two 

electrons overlap and hence the spin-spin interaction becomes 

possible. When the photo catalysis is conducted in presence of an 

external magnetic field, the reaction dynamics would be affected 

and the monitored yield and reaction rates would provide an 

indication as to whether the oxidative degradation can be made 

more effective by altering the reaction conditions appropriately. 

When it is found that the effect of magnetic field is significant in 

the catalytic process, then the current day Photo-catalytic 

Membrane Reactors (PMRs) or the hybrid membrane distillation 

units must be designed(4) for appropriately applying the magnetic 

field where the photo catalysis at the slurry TiO2 occurs. 

At this stage, a consideration of the photochemical degradation 

organic molecules in aqueous media would be covered in the next 

section 2. A report of the main experimental results available in 

the publications on this subject is what is intended.  The presence 

of hydroxyl radical OH· would be the emphasis.  

In section 3, the processes involving hydroxyl radical which 

reduce the availability of the formed hydroxyl radicals would be 

discussed. As a step in the mechanisms the diffusion controlled 

separation of hydroxyl radicals and collision of two diffusing 

hydroxyl radicals would be considered with special reference to 

these hydroxyl radicals combining to result in diamagnetic 

products would be mentioned as possible way for the depletion of 
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hydroxyl radicals, thus reducing the efficiency of degradation of 

organic molecules which are the solvent pollutants targeted in 

AOPs.  

Further, in the next section 4 would contain a discussion of 

externally applied Magnetic Fields influencing the reaction 

dynamics of radical reactions and how in certain cases radical 

recombination is favored by Magnetic fields and in certain other 

cases the combination process gets reduced. 

In section 5, the photo catalytic case of UV/TiO2/H2O2 would be 

considered with the particular attention to OH· radical involved 

process in the mechanism and the possibility of uncorrelated spins 

after a diffusion process may still be responding to the magnetic 

field and influence the mechanism and yields. In the case of TiO2 

photo catalysis for the provision of magnetic field to be applied a 

special consideration may be required to design the reactor-

apparatus which will be briefly described. Dissolve oxygen and 

particularly the presence of H2O2 had considerable effect in the 

efficiency of photo degradation of organic pollutants and the 

H2O2 case is considered more specifically in this article. 

 

2. PHOTOCHEMICAL OXIDATATIVE DEGRADATION 

OF ORGANIC MOLECULES 

Photodegradation and Photocatalysis (5) are usually oxidations of 

organic compounds in exothermic processes, in which the 
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absorption of light energy is the driving reaction force. These 

photochemical methods, rather than the thermal decomposition, 

have been found to be advantageous in several ways for the 

removal of organic pollutants in water. 

 

In direct photochemical degradation the electrons of an organic 

compound are excited. This can lead to decomposition of the 

organic molecule into two radicals, which are extremely reactive. 

More often the excited point of the molecule is attacked by 

oxygen molecules, which then oxidize the organic compound. As 

the reactivity of ground state triplet oxygen with the singlet 

ground state of the most compounds is very low, the excitation of 

oxygen to singlet is even more important for the oxidation of 

organic compounds. Thus is the importance of dissolved oxygen 

more generally the presence of reactive radical species in the 

photochemical degradation. 
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As the photo degradation of many microorganisms and 

compounds is very slow and lead to oxidation or degradation of 

organic compounds, the advanced oxidation process (A.O.P.) 

by combining UV illumination with ozone or H2O2 supply is 

much more effective often leading to complete mineralization.  

This is achieved especially by the photolytic reaction of  

H2O2. Thus this is the indirect photochemical degradation, where 

the electrons of the supplied H2O2 molecules are excited to form 

reactive radicals which react with organic molecules to 

decompose them. In the indirect photochemical oxidation radicals 

are are formed by photolysis, which then attack the organic 

compounds. An example is the reaction of H2O2.    

                            

                          H2O2                       2 OH�     -------- Eq.1                

 

In the case of photo catalysis a free radical mechanism is 

responsible for the degradation process. Thus, the deactivation is 

likely to cause enhancement in the attack of OH• radicals. This 

may be the reason why chloro benzene (6) degrades rapidly. The 

formation of phenol as an intermediate also justifies this 

supposition. As hydroxide radicals need an electron to obtain an 

octet, they are very electrophilic and attack electron rich areas of 

any molecule. Thus the importance of OH� (hydroxyl radicals) 

becomes evident in the water treatment of polluted water by 

hν 
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photochemical degradations. In photocatalysis a couple of semi 

conductive materials can be used for photocatalysis. Most popular 

is TiO2 because of its chemical stability and high efficiency. Refer 

to the schemes in Figure 1 and Figure 2 for the activity of this 

semiconductor catalyst also described in the section 1, 

introduction. These Ti
+3

 reaction centers act as electron holes 

some of which diffuse to the surface, where they can react with 

other molecules. Examples for possible reactions forming highly 

reactive radicals: 

 

                          h
+
 + H2O                 H

+
 + OH�   ------ Eq.2                                      

                                      O2 + e
-
               O2

-
        ------ Eq.3 

 

Photo catalysts can be used in the form of particles dispersed in 

the water. In this way the surface of the catalyst is used most 

efficiently but the dispersed particles disturb illumination. 

Additionally the particles have to be removed after the treatment. 

Another method is a fixed bed covered with TiO2. This 

elementary consideration of the photo degradation of organic 

molecules (organic pollutants in water) indicates the necessity to 

generate OH� radicals for efficient degradation and mineralization 

of the organic pollutants. The review article (7) discusses the 

generation of hydroxyl radical in section 3 and the subsection 

3.2.3 deals with the radical-radical reactions. The section 3.5 deals with TiO2/UV 
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related processes in connection with photo catalytic oxidation for 

water treatment. The study reported in the dissertation available in 

the repository (8) of Iowa State University has significant results 

pertaining to the OH� radical reaction with organic molecules 

containing benzene ring. These studies include experimental work 

and quantum chemical theoretical calculations. Also, the 

monitoring of the products by NMR spectroscopy is an indication 

of a significant viable tool in this context. 

 
3.  PROCESSES INVOLVING HYDROXYL RADICALS 

DURING PHOTOCATALYSIS: UV/TiO2/H2O2                                                                                                                              

 

It is known that H2O2 can enhance the reaction by providing 

additional hydroxyl radicals either through trapping of photo 

generated electrons and/or photolysis of H2O2 . 

TiO2 + UV → h+ +e−             ------ Eq.4a   

H2O2 + e− → OH− +OH•      ------ Eq.4b   

H2O2 →2OH•                         ------ Eq.4c    

.      hv,λ<300nm 

 

As mentioned in the previous section generation of OH� radical in 

the catalytic reactor and this reactive radical species are the 

factors that seemed to enhance the efficiency of photo catalytic 

oxidative degradation of organic pollutants in water. When the 
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dosage was high, however, the degradation was suppressed due to 

the capture of OH� radicals and the competitive adsorption of 

H2O2. In order to abate the disadvantages caused by using a 

higher H2O2 dosage, sequential replenishment of H2O2 into 

UV/TiO2 system was performed. Experimental results 

demonstrated that both degradation and mineralization 

efficiencies were enhanced by the restraint of the capture of OH� 

radicals, the additional OH� radicals caused from the second stage 

addition of H2O2, and the participation of oxygen in photo 

catalytic degradation(9). When the oxidation is carried out in 

presence of H2O2, it was found that there was an increased 

availability of OH• radicals for the oxidative degradation of the 

organic pollutants (10). However beyond a certain concentration 

of H2O2 the presence of H2O2 decreased efficiency in the 

pollutant degradation was noted and the following process was 

envisaged for the removal of OH• radicals and hence the same 

was not available for the reaction with organic solute pollutant.  

                                                                                                      

H2O2+OH•→H2O+HO2• --------Eq.5a                                                                                                                       

HO2• + OH• → H2O + O2                                              ------ Eq.5b   

                                                                                                                

There are a series of chain oxidative-reductive reactions that 

occur at the photon activated surface was widely postulated. The 

possibility that the organic solute diffuses from the bulk to the 
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catalytic surface in this case of heterogeneous catalysis (9) as can 

be envisaged from Figure-1, and get oxidized at the surface by 

reacting with the e
-
 of the photo generated h

+
/e

-
.  But the most 

important factor at this juncture is the OH• radicals diffusing into 

the solvent medium (water) and reacting with the organic solute 

pollutant molecules. If the OH• radicals undergo recombination 

by the collision of two hydroxyl radicals, then the availability of 

the hydroxyl radicals is reduced and the oxidative degradation of 

organic pollutants would be reduced. Since the recombination of 

radicals is affected by the spin states of the radical pair, the 

magnetic field can influence the radical recombinations. Mostly it 

is the hydroxyl radicals which are diffusing in the system do not 

have much of spin state correlation for any given pair. It is to be 

remarked that the radical pairs generated by the photo excitation 

of a molecule would be a ‘intimate radical pair’ with the retention 

of a singlet state of the pair of electrons formed by the breaking of 

bond.    

4. EXTERNALLY APPLIED MAGNETIC FIELDS  
INFLUENCING REACTION DYNAMICS OF 
MECHANISMS INVOLVING FREE RADICALS     
 
When the hydroxyl radicals, are freely diffusing in the medium, 

then there need not be any interaction between the two molecules 

to cause a spin-spin interaction of the electrons to correlate them 

and assign a coupled spin state (singlet or triplet) for the pair. 
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When the molecules during diffusion approach each other, and 

get to such closer proximities, that the electron wave functions of 

the free electrons in the two molecules overlap (11) then the spin-

spin interaction becomes possible. If the radical pair has to 

recombine by a bond formation then the two electron spins must 

get correlated to be in a singlet state so as to be spin paired for 

remaining “shared” in bond formation. It is this criterion that 

enables an intervention by external magnetic field. The spins 

which are interacting with an external magnetic field would 

follow the usual Boltzmann distribution for the non interacting 

spin case. When the radicals get nearer to each other the spin-spin 

interactions (specifically of relevance is the spin-orbit coupling 

and the spin exchange) and depending upon the relative 

importance of these spin-spin interactions with respect to the 

Zeeman interaction with external magnetic field , the reaction 

dynamics can be affected. Can such influence of magnetic fields 

applied externally be of significance in the efficiency regulation 

of the UV/TiO2/H2O2 is the question raised and this seems to be a 

case to be investigated. That is, the magnetic field effects on this 

photo catalytic degradation due to the predominantly reactive 

hydroxyl radicals. To cite another context (12), for Magnetic-

Field Effect involving the small biologically relevant inorganic 

radicals NO and O2--, the scheme below was envisaged (Figure-

4)  
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More generally unpaired electron can interact with a nuclear 

magnetic moment when conditions are favorable, and they can be 

either in a singlet ‘S’ (spins antiparallel) state or three triplet state 

T-1, T0, T+1 (spins parallel). This is an intra-radical coupling 

between the magnetic moment of an atomic nucleus and the 

magnetic moment of an unpaired electron. This is the hyperfine 

interaction and can be present even in the absence of an external 

field. This electron-nuclear coupling depends on the orientation of 

the molecule when an external magnetic field is present. And the 

hyperfine interaction drives the inter conversion of singlet and 

triplet states of the radical pairs. As the diffusing Hydroxyl 

radicals approach each other, when the distance between the two 

radicals is much longer (11 ,12 & 13) for the electron wave 
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functions of the two electrons, one on each radical, to overlap, 

then only the intra-radical hyperfine interaction and spin-orbit 

interactions would prevail. That is the unpaired electron in the 

OH• radical with the proton of the radical and the orbital 

magnetic moment of the radical electron. 

When the distance reduces, then at shorter distances the exchange 

interaction (between the two electrons) increases and might 

become even stronger than the hyperfine interaction. Thus of the 

two mechanisms the relative strengths can vary and as shown in 

figures 4-7, the coupling between the two electrons increases 

when the exchange interaction is strong. This exchange 

interaction results in distinct singlet (favorable for recombination 

be bond formation) and triplet spin states. If the recombination 

has to be reduced, the singlet states may not be formed, or there 

must be a to influence the preferential formation of more of 

triplet. The formed singlet and triplet undergo singlet-triplet 

intersystem (spin system states) crossing by hyperfine interaction. 

When an external magnetic field is applied, the 3 energy levels of 

triplet states split. And the T0 state of the triplet and the S0 singlet 

would interconvert if the ‘g’ values of the radicals are different, 

which can be attributed to the different Larmor precession 

frequencies due to Zeeman interaction with external fields. Thus 

the inter conversion of the singlet and triplet (the intersystem 

crossing) can be affected by magnetic field. Thus this provides a 
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possibility to influence the reaction dynamics if the mechanism 

involves free radical participation. Section-5 to follow contains 

descriptions more specific to the UV/TiO2/H2O2 photo catalysis. 

5. MAGNETIC FIELD EFFECTS FOR THE 

PHOTOCATALYTIC SYSTEM UV/TiO2/H2O2  

The considerations for this photo catalytic system would be 

generally applicable where the OH� radicals are involved in the 

mechanism of reactions. The presence of H2O2 in photo catalytic 

reactions is known to generate the much required reactive OH� 

radicals. Earlier it has been observed that the magnetic fields can 

affect the reaction dynamics was known and the effect was noted 

to be not much significant but further studies and the theoretical 

models (14) did predict the possibility of significant weak 

magnetic field effects. Magnetic field effects by about a factor of 

100 have been reported (15) in connection with enzyme kinetics 

and certain biological systems where the radical pairs are 

generated in the reaction media. If the photo catalytic reactors 

have the design considerations as mentioned (3 & 4) earlier in 

Section-1, then the fact that this magnetic field effect has to do 

with OH� radicals diffusing in the aqueous medium and not 

necessarily adsorbed to the surface of the TiO2 is to be noted. 

First a laboratory scale experiment may be conducted where it is 

possible to include a flow system to let the water flow out with 

the organic pollutant solute and the generated and diffusing OH� 
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radicals, expose this to a magnetic field and monitor the yield of 

the CO2, H2 etc., to infer the magnetic field effects. In the reactor 

it should be possible to provide for application of a magnetic 

field; in particular, if the field required is weak in the sense of a 

few Oertsteds, then a electromagnet can take care of the needs. 

Since, the triplet spin states T± are split in a magnetic field (which 

may be degenerate in the absence of field) the magnetic field 

strength for the Zeeman interaction energy to compare with 

respect to the spin orbit coupling strength is a determining factor. 

If the splitting of T± in presence of the magnetic field is relatively 

large, then it is only by the difference in the ‘g’ factors of the 

electrons in the two radical which might cause the triplet-singlet 

inter conversion by the difference precession rates. Then with 

whatever probability the Singlet and Triplet states form as the 

radicals diffuse to closer distances would be retained without 

much change. Thus varying the magnetic field strengths from 

zero to a higher value gradually and monitoring the yields 

(degradation efficiencies) would be a certain way to ascertain the 

magnetic field effects and further construct models to regulate the 

mechanistic aspects related to the magnetic field effects. This 

would further enable a suitable water treatment reactor plant for 

the efficient photocatalytic oxidative reductions. Moreover, when 

the reactor plants are designed for a large turnover of treated 
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water, even small increase in efficiency by application of 

magnetic field could be prove highly economical proposition.  

In conclusion, in the present context, it seems worthwhile to 

consider an experimental study for the magnetic field effects on 

the efficiency of AOP using UV/TiO2/H2O2. 
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ABSTRACT 
 

Conventionally the natural product chemistry consists of extracting 

from plant resources and analyzing for the constituents to isolated 

molecular systems and further characterizing and reporting a 

synthetic route for the compounds. In fact, generally in living 

systems which naturally require inputs for growth produce such 

intermediates and products that play a role synergistically and it is 

necessary to know their importance exactly in the path where they 

alter the course or determine the subsequent stages. Analytical 

methods, specifically the spectroscopic techniques have provided 

such possibilities which are these days known as “high throughput” 

methods and the metabolomics is a branch of study which escalates 

the natural product chemistry to encompass much greater 

dimensions and results in medicinal chemistry also getting the due 

recognition as the frontier research aspect? It is also possible to 

derive benefits from the Theoretical calculation-methods of 

molecular interactions in order to reinforce the procedures adapted 

by the experimental methods, in particular to mention the CADD, 

Computer Aided Drug Design. 

         It is being envisaged to summarize these recent trends in such 

a way that the beginners in the area of Research in Chemistry would 

be able to find relevant simple tasks to accomplish to reach out for 

an advanced research outlook for their career. 

http://www.ugc-inno-nehu.com/ToxicHE.html  
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INTRODUCTION 

Conventionally the natural product chemistry consists of 

extracting from plant resources and analyzing for the constituents 

to isolated molecular systems and further characterizing and 

reporting a synthetic route for the compounds. The Natural 

Products are produced by living cells. They are either produced as 

primary metabolites, which are used by the cells for their own 

function or biosynthesized as secondary metabolites for various 

purposes, most of which unknown to us. (Page-29, Section 2.1 

Natural Products, Chapter 2 Chemical Space and the difference 

Between Natural Products and Synthetics, by Sheo B.Singh and 

J.Chris Culberson, in Natural Product Chemistry for Drug 

Discovery, Edited by Antony D. Buss and Mark S. Butler, RSC 

Biomolecular Seies No.18, RSC Publishing Royal Society of 

Chemistry 2010). Metabolites are the products occurring at the 

various stages in the metabolic pathways, and metabolism itself 

can be illustrated schematically as in the figure below. Thus this 

means the ways and means by which the inter conversion of 

smaller and larger molecules occur in living systems. Biological 

function of the large molecules, considering the structure-function 

correlations, depend on the structures determined by the 

component small molecule building blocks/units, and how the 

large molecules react to the presence of small molecules in terms 

of the reactivity of small molecules and the corresponding active 
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centres in the large molecules. To what extent the small molecule 

chemistry can be the tool for altering and improving the functions 

could be a concern of Natural Product Chemistry and the 

metabolomics can be a facilitating technique in the process of 

identifying the small molecule natural product requirements in the 

context of the larger interests of drug discovery and drug design. 

The small molecule regime can be inclusive handling ions of the 

elemental atoms, in particular the Toxicity and deficiency 

contexts. And, to derive information on these trace elemental 

effects, it would be necessary to know the corresponding 

metabolic pathways and metabolites formed would indicate by 

their constitution and concentrations the extent of trace elemental 

effects and how to regulate their occurrences for the normal 

biological functions to prevail.  

Thus, for drug discovery and drug design, the small molecule 

chemistry pertinent for the metabolic processes has to be given a 

priority place. The clinical trials, drug administration, and 

targeting the drug to the specified organ, the availability of the 

drug and related topics may be categorized as biochemistry and 

bio-medicinal chemistry. In natural product chemistry, medicinal 

plants are important sources for the small molecule information 

relevant for preventive (beginning with food products) and 

curative consequences. 

The way the environmental pollution and contamination of food 
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products bring about unwanted manifestations to health status 

require an effort, which, in the immediate surroundings, 

environmental regional locations and globally in the context of 

ecosystems does not bring about imbalances affecting the larger 

interests; long-range and in the times to come. The requirement of 

analytical techniques, demand that interdisciplinary strategies and 

multi disciplinary approaches are adapted for lasting solutions. 

 

NATURAL PRODUCTS; Small Molecules in Biology and 
Macro molecular building units:  
 

The macro molecular building units are small molecules and the 

metabolism involving the biosynthesis of larger molecules from 

the smaller building units may be reconstructed in the laboratory 

in favourable cases and it is not unusual to find that the fast 

biological processes which involve simple building units are not 

so simple to reconstruct in a laboratory. The entire set of 

molecules from smallest to the largest molecule encountered in 

the biological processes are inclusive in the inventory of Natural 

Products, and, may be specified as biologically relevant natural 

products. The metabolism, Fig.1, itself may be a network of 

reactions, with the reactions specifiable as the building of larger 

molecules between certain nodes and breakdown of larger ones 

into smaller ones among some other nodes, requiring the totality 

of the event balance the onward and backward reactions to 
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maintain appropriate concentrations of reactants at specified 

nodes. The overall energy changes which occur get used up in 

additional processes that may be occurring if there is generation of 

energy.  

 

 

 

The specified network requires input of energy; it must be usually 

supplied from some other network that generates energy. While in 

the balancing phenomenon the energy remains conserved mostly 

within the system, and the dissipation usually is in terms of 

chemical matter rejected by the system from the inputs conducive 

for consumption. Thus keeping track of what happens to the 

chemical matter consumed as food and inhaled as air (pollution 



-245- 

 

 
 
 
 

again being an unwanted chemical) is the main task of chemists 

while noting the energy requirements and accounting for the 

same.         

The following titles of publications indicate how metabolomics 

becomes relevant for the context of small molecules which comes 

more under the purview of the subject of Chemistry. Further the 

Fig.2 contains the spectrum of metabolite illustrating the kind of 

products one can identify from Metabolite profiling and the extent 

to which these are amenable for study by chemists. 

 

 
RESULTS FROM A VARIETY OF DISCIPLINES: An 
Enumeration, To Substantiate the Recent Trends to Draw 
Attention of Chemists 
 

The reference Ref.2 in the list of references at the end of this 

article contains the simplest introductory information required for 

chemists to make a beginning with their existing familiarity with 

the NMR and MASS spectrometric analytical techniques. 

Following this the series of publications from National Botanical 

Research Institute (CSIR), Lucknow, as can be found from the 

links at the internet webpage:-  
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URL: http://aravamudhan-s.ucoz.com/BICProject_NEHU.html#OPSidhu 

contains details of how the metabolomics can be useful for 

following the plant physiology. The inferences as to how these 

evidences from metabolites can be tracked down further in terms 

of small molecule chemistry are left for the chemists’ purview. 

The contents of Fig.2 above have been extracted from the 

publication (Ref.3) in Bio resource Technology 99 (2008) 9032–

9035. The following text of the abstract of the short 

communication indicates the simplicity of the entire effort for the 

objective of Study of Plant systems: Seed development in 

Jatropha curcas L. was studied with respect to phenology, oil 

content, lipid profile and concentration of sterols. Seeds were 

collected at various stages of development starting from one week 
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after fertilization and in an interval of five days thereafter till 

maturity. These were classified as stage I to stage VII. Moisture 

content of the seeds ranged from 8.8 to 90.3%; the lowest in 

mature seeds in stage VII and highest in stage I. The seed area 

increased as the seed grew from stage I to stage VI (0.2–10.2 mm 

2per seed), however, the seed area shrunk at stage VII. Increase in 

seed area corresponded to increase in fresh weight of the seeds. 

1H NMR spectroscopy of hexane extracts made at different stages 

of seed development revealed the presence of free fatty acids 

(FFA), methyl esters of fatty acids (FAME) and triglycerol esters 

(TAG), along with small quantity of sterols. The young seeds 

synthesized predominantly polar lipids. Lipid synthesis was 

noticed nearly three weeks after fertilization. From the fourth 

week the seeds actively synthesized TAG. Stage III is a turning 

point in seed development since at this stage, the concentration of 

sterols decreased to negligible, there was very little FAME 

formation, accumulation of TAG increased substantially, and 

there was a sudden decrease in FFA concentration. The findings 

can be helpful in understanding the biosynthesis and in efforts to 

improve biosynthesis of TAG and reduce FFA content in the 

mature seeds. 

 

The following are the conclusions from the above study:- 
 

The present study shows variations in FFA, TAG, PUFA and 
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MUFA apart from FAME and sterols at various stages in 

development of seeds in J. curcas. The findings can be helpful for 

understanding of biosynthesis and in efforts to improve 

biosynthesis of TAG and reducing FFA content in the mature 

seeds. Earlier, attempts have been made to manipulate the rate of 

triacylglycerol synthesis in maturing oil-seeds by light dark 

treatments (Perry et al., 1999). It has been reported that with 

increase in carbon flux, the rate of TAG synthesis can be 

enhanced. The present study will help in understanding of 

molecular mechanism implicating sterols or sterol/lipid binding 

domain that affect hormonal signalling and other physiological 

and biological processes. 

 

Following figure (Fig.3) as from this publication illustrates the 

simplicity of spectral appearance to follow the NMR spectra over 

several weeks to record the developmental stages and monitor the 

changes for further interpretations. From the abstract it can be 

noted that no isolation of molecules was necessary but only 

simple extracts from the parts of the plant in an appropriate 

solvent medium.. Text books of organic chemistry prescribed in 

colleges and university give these classifications of organic 

compounds and the characteristics; and, whether the spectral 

changes address merely to concentration changes or changes in 

structures can be inferred by obtaining the detailed inset of the 
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spectral region available by data processing and plotting from 

NMR spectrometer systems. 

 

(a)TITLE: Quality Assessment of Polygonum cuspidatum and 

Polygonum multiflorum by 1H NMR Metabolite Fingerprinting 

and Profiling Analysis (b)TITLE: Guidelines for Botanical 

Identification Methods (c)TITLE: Multilab Reproduction on 

Component Quantification and Qualitative Identification of 

Blueberry Leaf Extracts via NMR. 

Studies of Toxic Heavy Elements relevant from the point of view 

of chemists are enumerated at the internet resource:  
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http://www.ugc-inno-nehu.com/St_Edmnd/FullArticle_NSToxicHeavyelements.pdf  

in particular, four items is summarized as reported in research 

publications on NMR of Toxic heavy elements. These items can 

be fall under two categories of studies: 

        (1). Infer the toxic effects of heavy elements (listed out in 

Table-1), by the Conventional 1H,13C, 15N, 31P NMR 

spectroscopy without the necessity to directly detect the Heavy 

Element Nuclei by Multi nuclear NMR spectrometers. 

        (2). Multi Nuclear NMR category of experiments. The 

literature references have been cited so that the readers can access 

the original articles from the literature documentations. 

       Item-1: This is based on the research publication (Reference-5 

in list at the end) in “Clays and Clay Minerals, Vol.48, No.5, 495-

502, 2000”Title: A Nuclear Magnetic Resonance (NMR) and 

Fourier Transform Infrared (FTIR) Study of Glycine Speciation 

on a Cd-rich Montmorillonite” 

In Fig. 5 below is the Cadmium NMR study for study of soils. 

Cadmium Toxicity is studied by chemists in different contexts the 

important aspect highlighted is the Multinuclear NMR technique 

that simplifies the study enormously by the simple way the 

spectra can be obtained and the easily discernible aspects from 

spectral information. 
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The points to note are how the interlayer Cd+2 peaks and 

interlayer CdCl+ peaks undergo changes with the concentration of 

the Organic compound. Such trends of shift in resonant lines 

reflect the changes in electronic structure of the corresponding 

molecules and hence evidence the chemical nature of interactions 

and the consequences could be biologically significant. Thus the 

soil structure and transformations in such media because of 

organic contaminants and heavy element pollutions can be studied 

with such detail and at any occasion the constituents causing 

pollutions and the extent of contamination would indicate local 

environmental factors. This publication is only an indicator as to 

how NMR can be utilized for such purposes. Such inferences by 

studies on soils can be revealing growth characteristics of Plants 

and thus the metabolic profiling and the related soil conditioning 

could be useful information which can be providing for study of 

chemical reactions in biology and the possible laboratory scale 

chemical modelling. 

Item-2 Based on (Reference-6 in the list at the end) the research 

publication in “Chinese Journal of Chemistry, 2004, 22, 849-853” 

Title: “NMR and Pattern   Recognition Studies on the acute 

Biochemical Effects of Lu (NO3)3” 

This investigation can come under the category of Metabolomics. 

Pattern Recognition is a recent trend being applied to Data 

Processing and interpretation of NMR peaks in biologically 
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significant macro molecules. The conditions under which the 1H 

NMR spectra of rat urine were recorded are well enumerated. 

Below a NMR spectra (Fig.6) of rat urine under a specified 

condition are reproduced from which it should be evident as to 

how pattern recognition and principal component analysis can be 

applied to such complex spectra of a biological sample, thus 

resulting in such evident assignments of the metabolites. One may 

well be enlightened by comparing such complex spectra with the 

proton NMR spectra of small molecules even in which case it 

becomes an ordeal to make unambiguous assignments. The 

changes in the spectral features with time and the nature of dosage 

of the chemical contamination cited above. The conditions under 

which the 1H NMR spectra of rat urine were recorded are well 

enumerated. Below a NMR spectra of rat urine under a specified 

condition are reproduced from which it should be evident as to 

how pattern recognition and principal component analysis can be 

applied to such complex spectra of a biological sample, thus 

resulting in such evident assignments of the metabolites. One may 

well be enlightened by comparing such complex spectra with the 

proton NMR spectra of small molecules even in which case it 

becomes an ordeal to make unambiguous assignments. The 

changes in the spectral features with time and the nature of dosage 

of the chemical contamination. 

The above enumerations are illustrative of the Natural Product 
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related biologically important studies which require attention of 

Chemists. In the webpage URL: 

  http://ugc-inno-nehu.com/the_gamess.html 

certain instances have been described as to how considerations 

based on Toxicity studies by Multinuclear NMR can give rise to 

simple queries which beginners can investigate using theoretical 

chemistry computational software. Thus engaging students at the 

early stages in an almost cost-free internet environment can 

provide necessary background for starting with advanced research 

studies in a well established research environment. 
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4.  The QM 
calculations as 
described in Sheet 3 

continued  

5.  The QM 
calculations as 
described in Sheet 3 
for the same distance 
range and for a 
disposition 
corresponding to 

Diamagnetic shielding  

6 The QM calculations 
as described in Sheet 5 

continued  

7.  The QM 
calculations as a 
function of relative 
orientation (in the 
range from 0deg to 
180deg in steps of 
10deg interval) for 
Benzene & Methane 

combination. 

8.  The results of 
Sheet-7 displayed with 
a summary; 
observations, 
comments and insets in 
spectra. 

 

9.  Results as in Sheet-8 
displaying rotation 
patterns and associated 
calculated spectral 
features for variation in 
shielding effect due to 
ring current, as exposed 
in a different way by 
rotating the CH4 about 
an axis within the 
molecule 

10.  The QM 
calculations as 
described in Sheet 9 
for yet another 
variation of the same 
molecules in 

combination  

11.  The QM 
calculations as 
described in previous 
sheets but for the 
Hydrogen  and 
Benzene molecule in 

combination. 

12.  QM calculation 
and the results for 
Classical magnetic 
dipole model to 

compare. 

1.  INTRODUCTION 

2. Independently 

optimized BENZENE 
and METHANE 
molecules drawn in 
structure editor & job 
submitted for QM 
Chemical shift 
calculation without any 
G.O. of combined 
system 

3.  The Results of QM 
calculations as a 
function of distance (in 
the range 14 to 2 
Angstrom) between the 
molecules are 
displayed (for a given 
relative orientation / 
paramagnetic 
shielding) in  
Sheets 3 & 4 for 
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INTRODUCTION 

 

The Quantum Mechanical NMR chemical shift calculations are 

usually carried out for the NMR parameter at intra molecular 

proton sites. The nature of the shielding includes the induced 

secondary fields arising due to electron circulation changes, and 

such fields arising from aromatic ring currents can be much larger 

and can probably be present at regions outside the specific 

molecular dimensions. The usual way these values are obtained is 

by the proton coordinates specified and most of the time the 

specified protons are present within the molecule. 

For the sake of specifying a coordinate for extraneous (outside the 

molecule in the proximity) sites, it is possible to include a 

molecule (a sensor - well optimized independently for 

energetically stable geometry) at any specified distance from the  
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Aromatic compound and without subjecting this combination of 

molecules to any Geometry Optimization (for energetic structural 

stability), the combination of molecules can be submitted for a 

chemical shift calculation. 

 

The distance of the second molecule can be varied from the first 

aromatic compound, and the calculation made as a function of 

distance and also relative angular disposition. From the criterion 

of classical magnetic dipoles it should also be possible to estimate 

the induced field (chemical shift values) at the neighboring sensor 

molecule which may give rise to queries which can be discussed 

from the quantum mechanical formalisms point of view. Such a 

case study would be reported and consequences discussed. 

 

Such considerations may have bearing on the interpretations of 

experimentally determined shielding tensor values by High 

Resolution PMR studies on Single Crystal Specimen of Aromatic 

Molecules and for the interpretation of ring current shifts 

observable in Biological Macromolecules, in particular the 3D 

structure determination by NMR. 
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TYPICAL DISPOSITIONS OF MOLECULES FOR THE CHEMICAL SHIFT 
CALCULATIONS BY QUANTUM MECHANICAL METHOD 

(SCF Procedure with STO-3G basis) 

BENZENE, METHANE and HYDROGEN 
These molecules are independently optimized 

for minimum energy structure 
THE CORRESPONDING COORDINATES WITH RESPECT 

TO THE RESPECTIVE MOLECULAR AXIS SYSTEM ARE RETAINED INTACT 
EVEN WHILE USING THEM AS A CLUSTER AS IN FIGURES BELOW: 

Job submitted to server for chemical shift calculation 
RESULTS DISPLAYED IN THE SUBSEQUENT SHEETS 
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Abstract: Inequality in social status is the situation when 
opportunities, which the members of the society aspire for, are 
not available to them on the basis of the merits of the 
individual’s eligibility, qualification  and experience as is 
stipulated. On the other hand, certain factors which overlook the 
required criterion and by certain discriminatory procedures 
these opportunities benefit a few and instead of the intended 
development  what results is a further escalation of disparities in 
the society. These discriminatory steps may be justifiable along 
the lines of empowering certain sections of people and 
reservations to backward classes, in order to hasten the process 
of bringing about uniformity and better cohesion in society. 
These provisions cannot be permanent features but should only 
temporary provisions. Gender differences and caste basis 
(mostly attributable to traditional practices, and remedially 
require better literacy and adult education: Aravamudhan, 2006) 
are typical factors which build up the bias (Aravamudhan, 
2005), resulting in inequality. One of the consequences is the 
increase in educated unemployed in the society and causes wide 
desperation and discontentment with the injustice meted out by 
the disposals of the people at the helm of affairs. 
Science and technology (Physical sciences, Life Sciences, 
Medical Sciences and Engineering Sciences in particular) can 
make the remedial process (desirably) a natural and gradual 
process rather than invoking  adhoc measures. From the point of 
view of raising the average level of the standard of living, the 
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micro aspect  of attention to the living standard of individuals 
rather than merely the collective index by averages may not be 
adequate. Current trends of innovation in science 
(Aravamudhan, 2013) and technology seem to hold such 
flexibility as required by the adhoc measures and at the same 
time holding out the promise of improving the individual 
development index. Enhancing the efficiency of value addition 
to natural resources (raw materials being utilized by 
manufacturing sectors to produce materials for domestic 
consumption) is achieved by what may be termed as process 
innovation (Chidambaram, 2012). In the case of drug discovery 
and drug design research, the appropriate reference is made to 
product innovation. In this contribution it is intended to 
highlight the principles and concepts underlying these strategies, 
more to bring about the consequences of economic well being 
than to evidence by the statistical figures in favour or against 
these approaches. The method to follow in practice would come 
under the category that can be called an inclusive component in 
the specialized scientific activity, whereby the public can be 
informed of the nature of scientific activities. A feeling of 
participation thus makes possible better involvement in the self 
employment programmes which besides improving the 
economic condition makes the disparities more gradual – much 
less of a sharp divide. 

 

Keywords: innovative trends, inclusive growth, smoothening disparities, 
public participation in scientist’s occupation, micro level monitoring, 

 

 

1. Introduction 

 

At the outset, it is necessary to note here that this paper is more of 

a qualitative description of an outlook rather than retrospection. 

Critical analysis and inference of data for assessment of foregone 
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initiatives is not the nature of the contents of this article. At the 

final section the nature of the discussion would be on the basis of 

the findings from a research conducted by an outreach to a public- 

a social awareness activity of a reputed physical sciences 

professional organization [Royal Society of Chemistry 2015]. The 

descriptive  outlook in the next 2 sections would be substantiated 

in the further sections with instances that support the points of 

views; even though those instances may not be the results of 

independent research study carried out by this author, but    they 

are instances encountered by 

this author during the course of academic pursuit to specialize in a 

subject that is broadly in physical sciences. 

 

Thematically, it is the inequality aspect that would be the focus in 

this paper. Disparities arising on account of a variety of causes 

can be reduced by initiatives in science and technology which can 

be effectively accountable as a step towards reducing economic 

disparities. This effectiveness can come about, not only reaching 

out the findings of science technology to the society at large but 

also transferring the know-how information, as much as it is 

relevant, to the educated and qualified section of the society. This 

is the context of Science and Technology education, which can 

encourage the educated-unemployed citizen to seek self-
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employment strategies. Thus entrepreneurial trends can be 

accentuated that make individuals useful for the social well-being, 

while improving the individual human development index. Thus 

the diffusive trends become effective in reducing the explosive 

trends of escalating disparities. This is the more durable way to 

achieve increase in average standard of living with the possibility 

of micro level monitoring paying attention to the standard of 

living individual members making the social economic 

development homogeneous. 

 

The considerations sequenced above are the outcomes for which 

innovative trends are promoted. From the several novel methods 

(not really much of original inventions all the time), which 

become evident in science and technology, seem to usually arise 

out of a mixture of the need with desperateness for means to reach 

a goal. When there are means to provide a service/product for 

specific needs, in a developing country, it becomes necessary to 

be monitoring cost effectiveness all the time to further optimize to 

make it much more affordable than what currently prescribed 

rates are. When population growth has not been contained to the 

prescribed rate, and natural resources are the inputs to a process 

for value addition to produce consumables, corrective measures 

invariably depend on science and technology and to modify the 

existing production strategy, suitability to local conditions are the 
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prime considerations. Such are the typical initiatives that come 

under the category of innovation. And the modified trends are 

referred to innovative trends. For science and technology 

innovation, surprisingly economic viability is more of a 

determining factor, rather than the scientific curiosity or 

intellectual pursuit of improving the skills Hence there is no 

specific prescription to inculcate innovative qualities but it has to 

happen stream-lined as the course gets set; it is a way by which 

people’s talents become evident. It is probably more necessary 

to recognize innovative qualities than searching for talents. There 

should be  enough opportunities for such innovative qualities to 

get expressed. Disparities, more specifically social disparities 

enable a few to get access to the available opportunities and not 

equally to all the deserving. The Empowerment initiatives in the 

context of gender difference, steps like reservation policies for the 

backward and emergency measures of on the spot compensation 

in cash and kind for the needy or other ad hoc measures can 

hasten the process of restoring social justice, but may not bring 

about the required homogeneity and social cohesion as much 

durably. National Incubation Centres and the Call Centres 

established for the benefit of rural farmers are the typical 

initiatives which make possible the opportunities to be availed 

more uniformly, thus improving the economic standards with 

particular attention  to the grass root level. Most of such facilities 
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have come about by thinking innovatively in bringing science and 

technology to the door steps of common people, and innovative 

thinking comes about how to put the information technology into 

effective use than making available these I.T. tools for fissiparous 

trends. 

2. Human Development and Human Resource Development 

A student’s task at trying to go through a learning process (not 

conditioned by the assured income and the consequential strings 

attached to it) must stand as distinctly different from an 

employee’s job requirements, stipulated service conditions and 

terms and conditions of employment to ensure a regular payment 

assuring adequate earning power. Most of the time the academic 

learning pursuits cannot be simultaneously part of an individual’s 

activity to combine with the routinely carried out work schedules 

under an employment. Thus the undirected free movement for 

learning may not be rewarding much in terms of financial return 

since at the learning stage the activities are essentially oriented 

towards individual’s Human development. Whether educating 

people and turning out qualified students can be  an industry or 

not is a point always under debate. At whatever level an 

individual can stand  up competitively as a Resource Person, 

correspondingly an employment would be possible. Even as 

students, the way a subject matter is learnt need not be the same. 

The grades of students differ widely is itself an attestation to the 
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fact that certain students have innovative methods of learning. 

This does not imply that those who learn innovatively would 

exhibit such individuality while on an assigned work schedule. . 

The innovative learner benefits the individual self and in fact 

causes an outstanding level as learner. The individual, who is 

innovative in an endeavour to improve an organization, 

contributes to the benefit of the many that are part of the 

organization without undermining one own individual credits. S 

& T innovations stand for the later type reducing economic 

disparity, in the broader sense. This is a kind of certification to the 

Human Resource Development, for which the credit is to be 

shared by the individual who has been going through the Human 

Development programs, and the institution which enabled and 

facilitated Resource Development process during the Human 

Development. An appreciation of the distinction between the two 

in social activity is necessary to ensure desperation does not 

overwhelmingly impede amicably settling the inequality issues. 

Human Resource Development assures a maturity level to 

enable efficient Material Resource Management. 

 

This requirement of having to develop human resources while 

seeking the efficient management of the material resources is 

itself beset with a complicated entanglement. It is so because the 

very same people, who would be consumers, should be improving 
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themselves with the techniques of securing the resources for the 

people. Resource provision must be adequate in quantity and of 

the required standard in quality; for, as much length of time so 

that the people do not have to be concerned about having to 

reduce the consumption after getting used to it. Besides, use of 

one of the resources efficiently might upset the criteria for similar 

utilization of another resource material. This is the uniformity 

required in distributing the resource among the public if the 

resources are limited or depleting. Public distribution is a matter 

of appropriate management. On the other hand, limited-resource 

condition or the depleting-resource situation is not only a 

management strategy but the concern would be to develop 

alternate resources or non conventional resource material. This 

concern can be effectively redressed by what currently can be 

termed as product innovation. The product innovation requires a 

sound knowledge of the existing materials which meet the 

requirement, and how the same characteristics can be built into 

another material that can be made available more abundantly and 

durably. Genetically modified crop variety is a specific instance 

of such new products which can be better in yield and quality as 

compared to the conventional and original crops. If such hybrid 

crop is not a food material, but a plant variety meant to be grown 

for environmental purposes and is to be planted widely spread to 

avoid vitiating climatic conditions, then it is necessary to take 
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wisdom of the local inhabitants besides the scientists established 

opinion on the novel crop variety. This is an obligation on 

scientists to be innovative and not only invention pursuits. 

Otherwise divided opinion in favour and against scientists’ 

initiative (with all good intentions), would generate social 

conflict; this polarisation would escalate disparity and be a cause 

for economic inequality. In this instance 

bringing the science and technology advantage to the people 

would bring about a social divide, and instead of reducing 

economic disparity, it would be the cause of such resulting 

inequality. 

 

3. The R & D Activity in Industry and Academic Pursuits 

The Research and Development activity is a directed science and 

technology activity where as academic research activities are 

learning pursuits; that is an individual pursues an activity enabled 

by that individual’s expertise gained over the years. From the 

point of view  of a standing in social importance, such academic 

research activity can nurture young  talented person not mainly 

for an employment but more to bring out the potential individuals 

may have in providing newer avenues. Research Development 

related to industrial production and manufacture for the public 

market is a profit oriented enterprise. And the  learning pursuits of 
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academic nature are mostly no-profit-no-loss but individuals 

improve themselves to be resourceful in the society. To 

distinguish the R & D activity from the later academic activities, 

the description of “win-win” case is appropriate, and for the later 

it is appropriately described as “no-gain-no-loss” case. Then, the 

situation becomes critically compounded when it is a matter of 

sustainability of the academic research activity; this is the field 

for innovative thinking. When R&D activities become an elitist 

activity with the patent rules, and trade secrecies prevent the 

public access to get information, the activity of manufacturing 

materials for the public market becomes an exclusive matter, 

necessarily isolating the academic pursuits in educational 

institutions. This is a disparity arising in professional career 

which makes both the categories much less effective than that it 

could be. In this context innovative trends can bring about 

inclusion of less regimented non formal component and reduce 

the building up of disparities. The resulting absence of 

inequalities makes possible conducive economic growth for 

satisfactory distribution of wealth. That the distribution of wealth 

is satisfactory depends upon how much of mutual appreciation 

exists in widely different interest govern the different sectors. 

These kinds of disparities are the concerns of the policy makers 

who wish to improve the situation on economic disparities. 
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4. Perspectives on “General Public and the Researchers in 

Physical Sciences” 

 

What really is the point that was made all through the previous 

sections is how much mutually appreciative the public are on the 

activities in widely different sectors. Specialized activities 

requiring higher qualifications must diffuse into the general 

public in the society, 

and the common people must have an interested reach out to 

know about these activities (without giving rise to any 

interferences). What actually the situation is both the sides have 

an indifference to the other side – remain uninterested trying to be 

not interfering. These result  in loss of rapport to such an extent it 

can manifest as a social disparity. The research conducted by the 

Royal Society of Chemistry, UK was to know how much the 

public in UK know about Chemistry, even if they seem to be 

appreciative of science and scientists. Also, how many 

researchers in chemistry know about what the public consider as 

the importance of chemistry for general public? Surprisingly, the 

chemists did not consider it a possibility when the research 

findings indicated that certain percentage of the general public 

was much informed about the special subject chemistry. This 

seems to point out a paradox that all the time that the concern has 

been that public would not know much about individual science 
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subject so much; but the situation turned out to be that chemists 

could not know how much the public knew about chemistry, 

although the percentage of such people was marginal!  Then, any 

resulting disparities, as pointed out above, could be due to the fact 

that Chemists have been unconcerned about diffusing knowledge 

among the public. Thus the innovation in science and technology 

is an avenue for reducing disparities. Thus the science and 

technology development must have an innovative activity in 

availing the information technology to provide for diffusing 

across the barriers. As a matter concerning health, an initiative by 

the management of Apollo hospitals to innovate with models in 

heath care (Apolllo hospitals, Hyderabad, 2013) is quite 

revealing. These hospitals have sophisticated facilities of health 

care with the possibility of telemedicine provisions, and these can 

be expensive and at the same time required inevitably for treating 

certain ailments irrespective of their social status. 

Hence the models seemed to be to work out that these facilities 

can be availed by all sections of the society as and when it is a 

life-saving concern. Mostly in the in the interview documented, 

the activity related to health insurance was being thought of 

innovatively to make it better utilized than keep it out of reach for 

those who are economically less provided for. 
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5. Conclusions: 

Thus the situation described above is all mostly a matter of 

futuristic qualitative consideration and less of evidencing any set 

back in trends from the statistics from the past. A conventional 

thinking of correcting for deviation was not the point at all, but 

the situation  now even if now seems optimized, this can be 

improved by thinking out a modification of the criteria for 

optimization. Such an effort can be termed “innovative” than to 

describe as  being 

“unconventional”. Thus it is a refreshing novel approach that is 

called for more than simply speeding up what is presently in 

practice. This discussion is also about bringing about a diffusion 

across the barriers that gets built up because of increased speed of 

activities confining people to their own concerns vertically, than 

letting a broadening of outlooks. And, innovation in science and 

technology has brought about benefits which must be brought to  

the public highlighting the required innovative approaches. In the 

annual Indian Science Congress Sessions (Indian Science 

Congress Association,1914), an exhibit is put up for those who 

have won innovation awards. These features most of them seemed 

to be coming about  by the local talents in the respective localities 

(particularly rural areas) who went about modifying certain 

contrivances as and when the available materials were changing 

and tools have become more and more versatile to implement 
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changes . It would appear on occasions that the reason as to how 

benefits have accrued has still not been scientifically discerned 

and  it is worth revising and documenting the scientific principles 

underlying certain practices. This is a reverse-fall out to scientific 

investigators due to the acclaimed innovations. Such outcomes 

have benefitted the community economically and enriched the 

science in principle. These expressions do convey more of reality 

rather than merely qualitative optimistic dispositions. 
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Notes for the Presentation file 

Enhancing the efficiency of value addition to natural resources 

(raw materials being utilized by manufacturing sectors to produce 

materials for domestic consumption) is achieved by what may be 

termed as process innovation (Chidambaram, 2012).  

The Value addition process to the natural resources by 

manufacture of Goods by Technology could be the Innovation 

referred in Certain contexts; If a manufacturing concern 

manufactures a product because of the demand in the market 

(which is the viable profit motive) then the innovation must be the 

kind of optimizations for affordability and with certain specified 

quality would be governed by how innovative the strategy is. 

Refer DrCh-Snap-0 

 
A DEFINITION FOR INNOVATION from the book: 
Innovation is often the product of necessity tempered with 
desperation. In some cases the absence of resources leads 
to better approaches. 
It is somewhat similar factors which result  
in disparities as well. 
 
 

 

The two perspectives as in texts above for what innovation 

“could be” or “is” seem so widely different that neither one of 

the two can probably have any impact on the other. It would be 

the purpose hereby to find out what the realization can be that 
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those who seem to be thinking innovatively do not know what 

kind of novelty and what kind of reality it portends. 

 

 

Gender differences and caste basis (mostly attributable to 

traditional practices, and remedially require better literacy and 

adult education: Aravamudhan, 2006) are typical factors which 

build up the bias (Aravamudhan, 2005), resulting in inequality. 

manpower availability’ in Meghalaya is modest as quoted here: 

“Meghalaya has a fairly large pool of skilled, semi-skilled and 

unskilled labour”. This statement as found in the Government of 



-290- 

 

 
 
 
 

Meghalaya official State Portal (Web Site No Gender differences 

and caste basis (mostly attributable to traditional practices, and 

remedially require better literacy and adult education: 

Aravamudhan, 2006) are typical factors which build up the bias 

(Aravamudhan, 2005), resulting in inequality. 2 cited above) is 

further studded with comments that there are a fair number of 

secretarial staff and a fair number of management and technical 

personnel with qualifications from recognized professional 

institutions. These are qualitative, and, specifically these do not 

point out the actual intensive efforts required in manpower 

training. 

 

DRCh 24
th

 Minute through to 25
th

 [Snap-1 24
th

 min] ---  [Snap-2 

25:47] DrCh 

HDI correlates Strongly Female Literacy - The higher the Female 

Literacy the better developed is the Nation. 

Page 254 Conclusions in Aravamudhan 2006 : Aravamudhan, 

2006: 

http://aravamudhan-

s.ucoz.com/BDRay_Felicitation_Volume.html#Aravamudhan 

Individual’s independence (question of equality of opportunity) 

for exposure to the Phenomena  

 around transforming into regulated movements (individuals 

acquire differences in their  
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Current trends of innovation in science (Aravamudhan, 2013) and 

technology seem to hold such flexibility as required by the adhoc 

measures and at the same time holding out the promise of 

improving the individual development index. 

Page-21 of reference (Aravamudhan 2013) http://ugc-inno-

nehu.com/wcu-sc-2013.pdf 

Innovation is often the product of necessity tempered with 

desperation. In some cases the absence of resources leads to better 

approaches.This definition applicable to the innovation required 
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in Scientist’s Laboratory or anyone’s place of work while 

accomplishing a Task. 

A student’s task at trying to go through a learning process (not 

conditioned by the assured income and the consequential strings 

attached to it) must stand as distinctly different from an 

employee’s job requirements, stipulated service conditions and 

terms and conditions of employment to ensure a regular payment 

assuring adequate earning power. Most of the time the academic 

learning pursuits cannot be simultaneously part of an individual’s 

activity to combine with the routinely carried out work schedules 

under an employment.  

Whether it is an employment by an employer or a self-

employment (which in the most general sense a preoccupation on 

one’s own initiative) what is required is a compatibility of Job 

requirement and job satisfaction. The required reconciliation 

can come about as follows. If it is an employment by an 

employer, the satisfaction of the employer must also be taken into 

account by the employ if the employment must be tenable 

durably. Unless the employee is exceptionally good, the employer 

has the possibility of choosing among the several competitors to 

the job. If one is dependent on the emoluments then on this score 

the employee might be compelled to compromise on job 

satisfaction. In the domain of education – a teaching learning 

process is severely affected by the economic considerations and 



-293- 

 

 
 
 
 

the teacher –taught disparity builds up and widens. To start to be 

an entrepreneur in this situation calls for innovation.   

 
 

At whatever level an individual can stand up competitively as 

a Resource Person, correspondingly an employment would be 

possible.  

This would be the reconciliatory stand possible in a 

competitive world. 

This requirement of having to develop human resources while 

seeking the efficient management of the material resources is 

itself beset with a complicated entanglement. It is so because the 

very same people, who would be consumers, should be improving 

themselves with the techniques of securing the resources for the 

people. 

Innovation would be the attribute for the strategy people device to 

overcome any such entangled situation. Sometimes, humorously 

stated it is a question of doing slightly differently, out of 

necessity. One might find that a “break though” is claimed 

precisely by doing slightly differently, and this might provide a 

totally different insight than what one could have acquired by 

following the line of well trained beaten track. A person who is 

trying to be innovative proceeds only by the stage wise success 

which can be sensed, and never carried away by over enthusiasm 

and set up a precedence of futile non-conformist trend. 
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Research Development related to industrial production and 

manufacture for the public market is a profit oriented enterprise. 

And the learning pursuits of academic nature are mostly no-profit-

no-loss but individuals improve themselves to be resourceful in 

the society. To distinguish the R & D activity from the later 

academic activities, the description of “win-win” case is 

appropriate, and for the later it is appropriately described as “no-

gain-no-loss” case. 

 

DrChidamabaram.flv 28
th

 minute through to29th --- 29:10 

Research-Developments – Delivery Chain and the Per capita 

Electricity Consumption 

 
 

Surprisingly, the chemists did not consider it a possibility when 

the research findings indicated that certain percentage of the 

general public was much informed about the special subject 

chemistry. This seems to point out a paradox that all the time that 

the concern has been that public would not know much about 

individual science subject so much; but the situation turned out to 

be that chemists could not know how much the public knew about 

chemistry, although the percentage of such people was marginal!  

Apparently this lack of mutual understanding of the Scientists and 

the Common Public at large, seems to be a kind of rapport that is 

absent due to everyone’s own preoccupation. And, more 
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importantly this does not seem to be much to do with poverty 

alleviation and health improvement, but more viewed and 

reconciled as non interference in the most positive sense. 

However this communication gap seemingly not much of 

consequence can be related to the more vital factors in the long 

term and with much better insight as much as in the video clip to 

follow, all the ills in the society were related to one single factor: 

Per Capita Electricity Consumption. The situation that 

warranted three parameters to be assigned as the reason by 

UN could be logically reduced to a question of two parameter 

dependence and with special reference to Indian scenario this 

could be further simplified to just one parameter. This is an 

innovative correlation and interpretation of statistical data, all 

to do with science and technology for the context of 

macroeconomic patterns. It should be obvious for economists 

how much the macro economics and micro level economics are 

interdependent and thus innovation in the Laboratories of 

scientists and the process and product innovation efforts at 

the R and D level are all resulting cumulatively in the gross 

domestic indices of the Nation. 

video-drch.ppt   [Video Clip : duration 1 min 39secs] 

From the original Video file Dr. Chidambaram.wmv [23th 

minute to 24min 39secs] 
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Talk on “Research and Innovation: Many Dimensions” at ISC 

Session. 

Chidambaram, 2012:  DrChidambaram.wmv 
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