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15.1    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. 

 

 

15.1.1 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 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. 

 

15.1.2 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 
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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 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). 

 

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 
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calculations of structures and energies. These efforts have been mostly to obtain 

the optimized, end-structure-parameters and energies. Starting with the given 

input 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 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. 

 

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 earlier, 

then are they good enough to withstand the intricacies that can go unnoticed by 

the super fast computations? 
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15.1.3 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 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.                                                                                   

 

 

 

 

  All atoms are neutral 
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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– Glycine Zwitterion 
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Fig. 4b The Glycine Unionized Form: Structure 1                                                                 

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  

http://www.ugc-inno-nehu.com/DBIBT/0_0_Lecture_presentation.ppt
http://www.ugc-inno-nehu.com/DBIBT/0_0_Lecture_presentation.ppt
http://www.ugc-inno-nehu.com/DipoleMoment.ppt
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Fig. 4f Compiled from the figures 4 (b-e) of the previous 

pages 
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15.2   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.  

 

 

15.2.1 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 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 
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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 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. 

 

 

15.2.2 Amino Acid: Zwitterion Input converges to Non 

Zwitterion 

 
This section illustrates that the common and popular structural notions, in 

connection with the -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.  

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 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 
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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 

correlated with the calculated NMR chemical shift (Fig.7a & Fig.7b) changes 

for these structures.  

 

Fig. 5 Glycine: The structural details of Unionized 

Form & Zwitterion Form 

http://www.webmo.net/
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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: Glycine 
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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.  

                                                                                                                                           

15.2.3  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 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 
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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.    

 

15.3  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. 

 

 

15.3.1 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 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 
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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 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 (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.  

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 

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-
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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). 

 

 

 15.3.2 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). 

 

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. 
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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 
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Fig.10 Cluster of Water Molecule and an Amino Acid Solute:  
           Results QM Calculation 
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 Table-1 Compiled results in Tabular form:   cluster type 
calculation as per the description in text: 
 

   

 

 

 

 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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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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The main inference from the results considered until now is, possibly the 

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. 

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 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.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) 
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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  

 

 

 

 

http://www.ugc-inno-nehu.com/DBIBT.ppt
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15.4  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). 

  

15.4.1 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 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. 

 

15.4.2 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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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}.                              

 

 

 
            Fig.17 Chiral Ligand Molecule; R & S Configurations 
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15.4.2 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.  

 

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}.  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. 

 

15.4.3 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 in the literature (Fig.21) 
reported the structural dispositions of the two chiral molecules. 

 

                            

 

Crown Ethers are mostly 
used in these kinds of 
Applications 
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Fig.18 Crown Ether: Details of Molecular Structure 
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Fig.19 Calculated NMR: Proton Spectra of Crown Ether &  
          Cyclohexane 
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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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Figure-21 A complex of Crown Ether Based Host and Chiral 
Ligand: Illustration of the disposition of the Two Different 
Chiral Molecules. 
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The host is the same. These differences have to be clearly discerned from NMR 

spectra by unambiguously assigning 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).  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 

complexes of 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.22 A Molecular Mechanics Calculation of Complexation 
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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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15.5  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 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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