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Abstract 
 
A Density functional theory and semi empirical calculation have been 

carried out on a first row transition metal complexes, Mn(II), Fe(III), 

Co(II), Ni(II), Zn(II) to predict molecular properties of the metal complexes 

chelated to the intermediate Schiff base, IDIPA, derived from ninhydrin 

and α, L-alanine in their octahedral structure. The hybrid B3LYP method 

has been used to predict the geometry and IR spectra of the metal 

complexes. Geometry and infrared spectra of the metal complexes, Mn(II), 

Fe(II), Co(II), Ni(II), and Zn(II) were calculated with B3LYP method using 

6-31G, 3-21G(d), 6-31G(d), 3-21G(d), and 3-21G(d) basis set, 

respectively, and compared with their experimental data. The electronic 

spectra of the ligand and metal complexes were also performed with 

ZINDO method. The geometry of the metal complexes were predicted and 

the ligand were characterized as tridentate and monobasic potential 

ligand for the metals in their octahedral structure. The electronic 

spectral calculation of the metal complexes were clearly indicative of a 

coordination of six in which the number of ligands, IDIPA, coordinated to 

the metal vary for the first two metal complexes, Mn(II), Fe(III). The 

computational prediction of IR spectra and electronic spectra using 

B3LYP and ZINDO, respectively, are good models reproducing results, 

which are in good agreement to the experiment. 

 
 

 vii



1. Introduction to computational chemistry 
 

The discovery processes of chemistry are more of descriptive and 

qualitative, but fundamentally it is a quantitative science. The 

mathematical sciences provide the language for qualitative science and 

this language is going in many directions as Computational science. [1]  

The term theoretical chemistry is therefore defined as the mathematical 

description of chemistry and computational chemistry is generally used 

when a mathematical method is sufficiently well developed that it can be 

automated for implementation on a computer.  

Computational chemistry is therefore an outgrowth of theoretical 

chemistry, which is sought to device and implement quantitative 

algorithms for organizing massive amounts of data from the laboratory, 

and for predicting the course and extent of chemical phenomena in 

situations that are difficult or even impossible to observe directly in the 

laboratory. [1-4] 

 

Computational chemistry involves a mathematical description of systems 

of chemical species. The goal is to solve the complex equations such as 

the Schroedinger equation for electronic and nuclear motion, which 

accurately describe natural phenomena. In a practical application of 

computational chemistry, mathematical equations or algorithms are 

devised to quantitatively describe the physical and chemical phenomena 

(e.g., energy states, structures, reactivity, positions and momenta of 

atoms) that occur in a particular system. These algorithms are then 

programmed in the appropriate computer languages and linked together 

so that the many millions of calculations required to effectively describe 

the phenomena can be quickly computed. For example, it might be 

necessary to evaluate billions of integrals to accurately describe the 

repulsion of electrons in a complex molecule. The end result is a set of 
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computational tools that predict the characteristics and behavior of the 

chemical system. 

 

Computational chemistry can also play an important role in the design of 

molecules (e.g., new chemical products, materials, catalysts). For 

example, by reliably predicting   thermochemistry (the energy associated 

with the chemical reaction), it is possible to examine the feasibility of 

reaction pathways to determine whether a reaction is thermodynamically 

allowed. Computational chemistry can also be used to reliably predict   a 

wide range of spectroscopic properties (IR, Raman, UV-Vis, NMR, EPR, 

photo electron) to aid in the identification of chemical species (e.g., 

reaction intermediates). Electronic structure calculations can also 

provide useful insights into bonding, orbital energies and shapes, which 

can be used to target the design of new molecules with selective 

reactivity.  [3] 

 

1.1. Molecular mechanics 
 

Molecular mechanics methods are a non-quantum (i.e. classical) 

mechanical computation for obtaining geometries of gas phase 

molecules. As a result, molecular mechanics methods are 

computationally fast. Molecular mechanics methods use empirical force 

fields to describe the energy of a given configuration. Molecular 

mechanics calculations are commonly used to predict equilibrium 

molecular geometries or conformations. Mathematical expressions are 

used to represent various components of the bonding interactions (bond 

stretching, bond bending, and torsional interactions). Using these 

expressions the total energy of a molecule, in a given conformation, is 

calculated.  The energy of a given configuration is calculated as follows.   

 

 2



                 elevdwdihedanglebond EEEEEE ++++=  ………………………………. (1.1) 

Molecular mechanics treats a molecule as an array of atoms governed by 

a set of classical-mechanical potential functions. The parameters for the 

potential functions used in the calculation come from experimental data 

and/or high-level quantum mechanical computations on similar 

molecules. 

The assumption in the technique is that similar bonds in different 

molecules will have similar properties. This assumption works well so 

long as the molecules being calculated do not differ significantly from the 

molecules used to determine the parameters for the force fields. [5] 

Molecular mechanics techniques are valuable computations for 

establishing good starting points of initial geometry for higher-level 

quantum mechanical computations. The accuracy of the geometries 

obtained can be as close to the values obtained from higher-order 

quantum mechanical computations. 

There are different molecular mechanics methods (Force field methods) 

that differ from each other in three main aspects, the functional term of 

each energy term, the number of cross terms included, and the type 

information used for fitting the parameters. MM2, MM3, AMBER, OPLS-

AA, SYBYL, DRIEDING, UFF etc. [6-7] 

 

1.2. Quantum mechanics 
 

Quantum chemistry applies quantum mechanics to problems in 

chemistry. The postulates and theorems of quantum mechanics form the 

rigorous foundation for the prediction of observable chemical properties 

from first principle. The fundamental postulates of quantum mechanics 

assert that microscopic systems are described by ‘Wave functions’ that 

completely characterize all of the physical properties of the system. [1, 4] 
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Thus Quantum mechanics explicitly represents the electron in a 

calculation, and so it is possible to derive properties that depend up on 

the electronic distribution and in particular, to investigate chemical 

reactions in which bonds are broken and formed. The fundamental 

postulate of quantum mechanics is that a so called wave function Ψ, 

exists for any (chemical) system, and that appropriate operators 

(functions) which act up on Ψ return the observable properties of the 

system. In mathematical notation, 

 

Ψ=Ψ eϑ ………………………………… (1.2) 

                     Where,   ϑ  –is an operator 

   e - is a scalar value for some properties of the system 

When the above equation holds, Ψ is called an eigen function and ean 

eigen value, by analogy to matrix algebra Ψ to be an N –element column 

vector, ϑ - to be an N x N square matrix and  to remain scalar quantity. 

When the operator in the above equation returns the system energy E as 

an eigen value, is called the Hamiltonian operator.  Thus,  

e

                  Ψ=Ψ EH
^

…………………………………………….. (1.3)                        

    (which is the time independent Schrödinger equation) 

The Hamiltonian is composed of the kinetic and potential energy of the 

electron and nucleus, which can be described as operators. 

       

 ................................................................................. (1.4) 
^^^
VTH +=

Casting the Hamiltonian into mathematical notation,   
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where, i and j run over N electrons, A and B run over M nuclei, ħ- is 

Planck’s constant, - is Laplacian operator, Z2∇ A and ZB atomic numbers 

of nucleus A and B respectively, e- is the charge on the electron, rij and 

RAB  are the interelectron and internuclei distances, respectively.  

This is by far the basic in all quantum mechanical calculation for 

chemical properties.  

The Hamiltonian (Eq.1.3) contains pair wise attraction and repulsion 

terms, imply that no particle is moving independently of all of the others 

(the term ’correlation’ is used describe this interdependency). Thus, in 

order to simplify the problem, quantum chemical calculations invoke a 

so-called Born-Oppenhiemer Approximation. It simplifies the general 

molecular problem by separating nuclear and electronic motions, which 

allow the two parts of the problem, solved independently, i.e. the total 

Hamiltonian (Eq. 1.3) is separated into electronic and nuclear 

Hamiltonians. This separation is based on the fact that the mass of a 

typical nucleus is much heavier than that of electrons so that the 

nucleus moves very slowly than electrons. 

 

        ∑∑∑∑
= ===
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A A

N

i
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e
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Ze
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1

2

1

2
2^

22
== ……………………………. (1.6) 

Therefore, all quantum mechanical calculations are based on this 

principle and hence are called Electronic Structure Methods. Electronic 

structure methods are therefore the use of laws of quantum mechanics 

rather than classical physics as the basis for their computations. [3-5] 

For any but the smallest systems, however, exact solutions to the 

Schrödinger equation are not computationally practical. Electronic 

structure methods are characterized by their various mathematical 

approximations to its solution. Some of the basis electronic structure 

methods are reviewed below. 
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1.2.1. Hartree – Fock method 
 

An accurate solution of the Schrödinger equation is only possible when 

the system contains only one or two electrons. For molecules containing 

multi-electrons, the best approach of finding a good wave function lies in 

first calculating an approximate wave function using the Hartree-Fock 

procedure. This method is the basis for the use of atomic and molecular 

orbitals in many electron systems. [2] 

The Hamiltonian for many electron systems is now separable into a one 

electron Hamiltonian in which only the one electron kinetic energy and 

nuclear attraction terms are to be expressed as, 

                      ……………………………...………………………… (1.7) ∑
=

=
N

i
ihH

1

^^

Where N is the total number of electrons and hi is the one electron 

Hamiltonian defined by 

                                            ∑
=

−∇−=
M

k ik

K
ii

r
Zh

1

2
^

2
1  

Because the Hamiltonian operator defined by the above equation is 

separable, its many electrons eigen functions can be constructed as 

product of one electron eigen functions. That is, 

             NHP ΦΦΦΦΦ=Ψ …4321  = ………………………….…...  (1.8) ∏Φ
N

i
i

                                            (The Hartree product wave function) 

The Hartree product wave function is slightly modified in order to 

characterize the relativistic and antisymmetric nature of the electrons 

and satisfy the constraints. [1, 4] 

The total electronic wave equation must be antisymmetric with respect to 

the interchange of any two-electron coordinates. Hence, the 

antisymmetry nature of the wave function can be achieved by building it 

from Slater Determinants (SDs). The columns in a Slater Determinant 
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are single electron wave functions, orbitals, while the electron 

coordinates are along the rows. The one-electron functions are thus 

molecular orbitals (MO), which are given as a product of a spatial orbital 

times a spin function (α or β) also known as spin orbitals and may be 

taken orthonormal. 

For the general case of N electrons and N spin orbitals, a Slater 

Determinant is given as  

 

         

)()()()(

)3()3()3()3(
)2()2()2()2(
)1()1()1()1(

!
1),,2,1(

321

321

321

321

NNNN

N
N

N

N

N

N

ΦΦΦΦ

ΦΦΦΦ
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ΦΦΦΦ

=Ψ
%

…
###

…
…
…

… ………………. (1.9) 

where Φi is a spin orbital, i.e. a product of spatial orbital and an electron 

spin eigen function and 1/√N! is the normalization factor. Solving the 

Schröedinger equation for an atom with N electrons is a formidable 

computational task because of the numerous electron-electron repulsion 

terms, 1/rij. In order to calculate the electron repulsion of one electron, 

the wavefunctions for the other electrons must be known and vice versa. 

This procedure is called self-consistent field (SCF).   

 

The Hartree-Fock self-consistent field (HF-SCF) approach assumes that 

any one electron moves in a potential that is a spherical average due to 

the other electrons and the nucleus.  

The spherically averaged potential for an electron is expressed as a single 

charge that is centered on the nucleus and varies with the position r in 

the potentially averaged sphere. The Schröedinger equation is then 

numerically solved for that electron in the spherically averaged potential. 

The HF model is a kind of starting point, either additional approximation 

may be invoked leading to semiempirical methods, or it can be improved 

by adding additional determinants, generating solutions, which can be 
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made to converge toward the exact solution of the electronic 

Schröedinger equation.  

 

1.2.2. Semiempirical methods 
 

Semiempirical methods represent a “middle road” between the mostly 

qualitative results available from molecular mechanics and the 

computationally time-consuming quantitative results available from Ab 

initio methods. Semi-empirical methods are a good choice for many 

users, especially those new to molecular modeling that are less interested 

in research-quality numerical results, and are more interested in 

developing their ability to use computing to understand structure, 

properties, and activities. 

These methods address the issue of limitations on calculations of large 

molecules and the length of computing time needed with Ab initio 

methods. It does so by making several large assumptions, including 

ignoring core (non-valence) electrons and making major simplifications of 

the mathematics. Semiempirical methods use many of the same 

mathematics as are found in the Hartree-Fock method, but look to 

reduce the computing time by replacing some of the mathematics with 

data (known as parameters) derived from experimental and computed 

data. Semiempirical methods use a type of approximation known as zero 

differential overlap, or ZDO. These methods parameterize some of the 

calculations. Specifically, semiempirical methods will replace the 

calculation of the two-electron integrals with data from spectroscopic 

experimental data. The various types of semi-empirical methods all use 

different numbers and types of parameters, which affect the quality of 

the calculation. The term semi-empirical comes from the fact that some 

of the calculations come from empirical data. Modern semi-empirical 

methods include MNDO, AM1, and PM3 are all based on the Neglect of 
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Differential Diatomic Overlap (NDDO) integral approximation, while older 

methods use simpler integral schemes such as CNDO and INDO. All 

three approaches belong to the class of Zero Differential Overlap (ZDO) 

methods, in which all two-electron integrals involving two-center charge 

distributions are neglected. A number of additional approximations are 

made to speed up calculations (see below) and a number of 

parameterized corrections are made in order to correct for the 

approximate quantum mechanical model. How the parameterization is 

performed characterizes the particular semiempirical method. For 

MNDO, AM1, and PM3 the parameterization is performed such that the 

calculated energies are expressed as heats of formations instead of total 

energies. [4] 

 

1.2.3. Ab initio methods 
 

The term “Ab initio” comes from Latin meaning from ‘the beginning’. The 

implication is that the computations are exact with no approximations. 

This is certainly not the case, as the Schroedinger equation for more 

than a two-body system cannot be solved without approximations and 

using approximation techniques. What “Ab initio” does mean in this 

context is that the integrals involved in the Schröedinger equation for the 

system are explicitly solved without the use of empirical parameters. 

These methods are unarguably the most accurate, as well as the most 

difficult, of all of the techniques currently in use in the field of molecular 

modeling. As its name indicates, the Ab initio methods really does start 

‘from the scratch, beginning with just the molecular structure and a few 

constants; the speed of light (c), Plank’s constant (h), the mass (me) and 

charge (qe) of the electron. 
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Ab initio electronic structure methods have the advantage that they can 

be made to converge to the exact solution, when all approximations are 

sufficiently small in magnitude. 

 

Ab initio methods starts calculation from HF formalism where HF theory 

makes the fundamental approximation that each electron moves in the 

static electric field by all of the other electrons and then proceeds to 

optimize orbitals for all of the electron in a self consistent fashion subject 

to a variational constant. Hence, calculations give higher electronic 

energy than the exact calculation. The chief error in the HF 

approximation derives from ignoring the correlated motion of each 

electron with each other. [4, 8] 

In post HF calculation, the wave function is constructed to include 

electron correlation and accurately describe the molecular orbitals. 

Therefore, an Ab initio SCF-MO calculation uses the approximation of 

taking Ψ as an antisymmetrized product of one electron spin orbitals and 

uses a finite (and hence in complete) basis set. Ab initio methods differ in 

their accuracy and level of theory how the electron correlation is treated. 

[1, 4, 7] 

 

There are many available Ab initio methods for calculating electron 

correlation; Configuration Interaction (CI), Many Body Perturbation, the 

Møller Plesset (MPn), and Coupled Cluster (CC).  

 

A configuration interaction wave function is a multiple-determinant wave 

function constructed by starting with the HF wave function and making 

new determinants by promoting electrons from the occupied to 

unoccupied orbital. Configuration interaction calculations can be very 

accurate, but the cost in CPU time is very high. 
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In contrast to the HF method, in order to account for electron correlation 

CI uses a variational wave function that is a linear combination of 

configuration state function (CSFs) built from spin orbitals. 

The full CI method forms the wave functionΨ as a linear combination of 

the HF determinant and all possible determinant. 

           …………………………………………………………… (1.10)       I
I

ICI C Φ=Ψ ∑
=0

  "+Φ+Ψ=Ψ 100 ICI CC

where is usually the electronic ground state of the system, and the 0-

indexed term is the Hartree-Fock level. [3, 4] 

Ψ

 

The number of excitations used to make each determinant classifies 

configuration interaction calculations. If only one electron has been 

moved for each determinant, it is called a configuration interaction 

single-excitation (CIS) calculation. CIS calculations give an 

approximation to the excited states of the molecule, but do not change 

the ground-state energy. Single-and double excitation (CISD) calculations 

yield a ground-state energy that has been corrected for correlation. 

Triple-excitation (CISDT) and quadruple-excitation (CISDTQ) calculations 

are done only when very-high-accuracy results are desired. Due to the 

long CPU time and immense hardware required for CI calculation, the 

method is limited to relatively small systems. [2] 

Coupled cluster calculations are similar to configuration interaction 

calculations in that the wave function is a linear combination of many 

determinants. However, the means for choosing the determinants in a 

coupled cluster calculation is more complex than the choice of 

determinants in a CI. Like CI, there are various orders of the CC 

expansion, called CCSD, CCSDT, and so on. A calculation denoted 

CCSD(T) is one in which the triple excitations are included perturbatively 

rather than exactly. The advantage of doing coupled cluster calculations 

is that it is a size extensive method. Often, coupled-cluster results are a 
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bit more accurate than the equivalent size configuration interaction 

calculation results. When all possible configurations are included, a full 

coupled-cluster calculation is equivalent to a full CI calculation. [1-2, 9] 

 

Correlation can be added as a perturbation from the Hartree-Fock wave 

function. This is called Møller-Plesset perturbation theory. Perturbation 

theory is based up on dividing the Hamiltonian in to two parts; 

 

                 …………………………………………………… (1.11) )1()1(
0 HHH λ+=

Such that  is the unperturbed Hamiltonian and 0H Hλ is a perturbation 

applied to . 0H

In mapping the HF wave function onto a perturbation theory formulation, 

HF becomes a first-order perturbation. Thus, a minimal amount of 

correlation is added by using the second order MP2 method. Third-order 

(MP3) and fourth-order (MP4) calculations are also common. The 

accuracy of an MP4 calculation is roughly equivalent to the accuracy of a 

CISD calculation. MP5 and higher calculations are seldom done due to 

the high computational cost. [2, 10-11] 

 

The Ab initio methods calculation is therefore greatly affected by size of 

the basis set, i.e. the number of electrons. Hence, the electron correlation 

becomes more practical and challenging if the size of the molecules 

becomes larger and larger. The applications of Ab initio methods are thus 

limited to small size molecules and cost of the application is greatly 

increased for larger molecule calculation. 
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1.2.4. Density Functional Methods 
 

Calculations based on wave function are difficult because the wave 

function depends on spin and three spatial coordinates for every 

electron, i.e. 4N for N electrons. Hence, the complexity of wave function 

increases with number of electrons. [4] 

The dependence on total number of electrons immediately suggests that 

a useful physical observable would be the electron density ρ, since 

integrated over all space gives the total no of electrons, N, i.e. 

               ………………………………………………………… (1.12) drrN )(ρ∫=
Therefore, the electron density is dependent only on three coordinates, 

which is not greatly affected by system size. 

The basis for the density functional theory is thus the electro density 

that was first proved by Hohenberg and kohn in which the ground sate 

electronic energy is determined completely by the electron density, ρ . 

[12-13] 

The total energy can be stated as; 

 

                   [ ] [ ] [ ] [ ]ρρρρ eeneDFT EETE ++= …………………………………. (1.13) 

 

The energy related to the electro-electron ( [ ]ρeeE ) interaction is therefore 

expressed as result of two terms, i.e., the electron-electron coulombic 

energy, [ ]ρJ  and the electron-electron exchange energy [ ]ρK . Thus the 

above equation can be rewritten as, 

                          

                   [ ] [ ] [ ] [ ] [ ]ρρρρρ KJETE neDFT +++= ……………………………. (1.14) 

The last term in Eq.1.14 is not accurately known and includes the 

exchange correlation functional. The definition of exchange and 

correlation in DFT, are thus local that only depends on the density at a 
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given point and in the immediate vicinity (via derivative of the density) or 

non-local in which the electron density has also gradients. The major 

problem in DFT is therefore expressing the exchange correlation in a 

more accurate as well as suitable formulas. [1] 

Hence, the difference between DFT methods is the choice of the 

functional form of the exchange-correlation energy. The difference of 

exchange-correlation energy with respect the electron density leads to 

different approximation methods. The first approximation was simply 

that electron density ρ varies extremely slowly with position and the 

resulting and the resulting [ ]ρXCE  is given by, 

              ………………………………………….. (1.15) [ ] drrE XC
LDA

XC )()( ρερρ ∫=

Where )(ρε XC  is the exchange plus correlation energy per electron in a 

homogenous electron gas with electron density ρ , this equation is 

therefore the Local Density Functional Approximation (LDA). [7, 14] 

A lot of improvements over the correlation functional is done that the 

correlation functional is not dependent only on the local value of the 

density, but on the extent to which the density is locally changing, i.e., 

the gradient of the density also called generalized gradient approximation 

(GGA). The first widely introduced GGA exchange functional was by 

Becke (abbreviated as B) in which the functional adopts a mathematical 

form that has correct asymptotic behavior at long range for the energy 

density. With respect to the correlation functional, corrections to the 

correlation energy density include, B88, P86, P91, and LYP. [15-17] 

Any exchange functional can therefore be combined with any correlation 

functional. For example, the notation BLYP denotes a Density Functional 

calculation done with Becke 1988 exchange functional and the Lee-Yang-
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Parr correctional functional. The foundation for the use of DFT methods 

in computational chemistry was the introduction of orbitals by Kohn-

Sham. 

In an attempt to improve the accuracy of the exchange energy, Becke 

mixed HF exchange with pure local density exchange and empirically 

fitted the resulting hybrid exchange functional to give the best agreement 

with experimental values. Example, B3LYP, B3PW91, and B1B96 are 

commonly used hybrid DFTs.  Currently, the most popular method 

B3LYP (where the 3 indicates three parameters functional) functional is 

an absolute shooting star and soon developed into by far, the most 

popular and most widely used functional including in such difficult areas 

as open shell transition metal chemistry. Therefore, with a few 

exceptions, DFT is the most cost effective method to achieve a given level 

of quantitative accuracy.  It includes electron correlation with less 

computational expense. It is typically the method used to calculate 

transition metal complexes. In DFT, the total energy is expressed in 

terms of the total one-electron density rather than the wave function. 

[18-19] 

1.3. Basis set in computational chemistry 
 

A basis set in chemistry is a set of functions used to create the molecular 

orbitals, which are expanded as a linear combination of such functions 

with the weights or coefficients to be determined. Usually these atoms 

are atomic orbitals, in that they are centered in the two atoms. Atom 

centered basis set sets are comprised of atomic functions representing 

the electron population at a given distance from the nucleus and can be 

thought of as being atomic orbitals. There are number of different types 

of atom centered basis functions available, Slater Type Orbitals (STO) 

which are the form:     
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      ……………………………………………………… (1.16) ζrenNrR(r) −=

Where n is the principal quantum number, N is normalization constant, r 

is the distance from the nucleus and ζ (zeta) is a constant related to the 

atomic charge of the nucleus. Unfortunately, STOs are often impractical 

for quantum chemical calculations as some of the integrals are difficult 

or even impossible. 

By far the most popular type of basis sets used in quantum chemistry 

are those based on Gaussian functions, Gaussian Type orbitals (GTOs), 

these have the form: 

 ………………………………………………..  (1.17) 
2αreczbyaxR(r) −=

Α determines the spread of the function, r is the distance from the 

nucleus, x, y, z are cartesian variables and a, b, c determine the order of 

the function. The advantage of the Gaussian function is that less 

computer time is required to evaluate the integrals. [1, 4] 

Minimal basis sets contain the minimum number of basis functions that 

are needed to describe for each atom. However, form computational 

chemists’ point of view, minimal basis sets are often not good enough for 

quantum calculation. Thus, the basis set can be expanded in a number 

of ways to best represent the atomic orbitals. These minimal basis sat 

can be named as STO-nG, represents that n primitive Guassian 

functions for each STO orbitals. Examples of commonly used minimal 

basis sets are STO-2G, STO-3G, STO-6G. 

 

A Split Valence basis set is an alternative approach, which is highly 

popular, is to split only the basis sets used for valence electrons, the 

rational being that the chemical properties of interest are affected by the 

valence rather than the core electrons. The inner-shell atomic orbitals 

are represented by one basis function and the valence orbitals are 

represented by two or more basis functions. The number of functions 
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assigned to valence orbitals characterizes Split valence basis sets. 

Double zeta basis sets use two basis functions to describe valence 

electrons, and triple zeta use three functions, and so forth. The number 

of Gaussian functions used to describe inner and outer shell electrons 

denotes basis sets developed by Pople and coworkers. Commonly used 

split valence basis sets include, 3-21G, 4-31G, 6-31G, 6-311G. The 

general notation for split valence can be represented as K-nlmG, where K 

is the number of primitive core function, nl-number of contracted valence 

function and m is the number of primitive function in 3rd contraction. To 

increase the quality of the basis set polarization and diffuse functions are 

added to account the chemical bonding and outer most weakly bond 

electrons. Examples, 6-31G(d),  and 6-311G(d, p). 

 

Models of a chemical system generally consist of the combination of a 

theoretical method such as HF and B3LYP with a basis set. Each such 

unique pairing of method with basis set represents a different 

approximation to the Schrödinger equation. Hence, choosing a model of a 

chemical system, almost always involves a trade-off between accuracy 

and computational cost. More accurate methods and larger basis sets 

make jobs run longer. Larger basis sets approximate more accurately the 

orbitals by imposing fewer restrictions on the locations of the electrons in 

space.  Such calculations are also more expensive because they require 

computing more integrals. [20, 21] 
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2. Molecular properties 
 
 
In any computational quantum chemistry calculation, the physical 

observable calculated from the electronic calculation should physically 

meaningful. 

Computational chemistry can be used to describe a diversity of chemical 

systems with a wide range of complexity. At the quantum molecular level, 

chemical systems of hundreds of atoms can be modeled today, and 

highly accurate calculations are possible for up to 10 atoms. More 

approximate classical atomistic methods can handle systems up to 

millions of atoms, depending on the time scale. There are many potential 

applications of   computational chemistry in chemical processes where 

predicting the characteristics and behavior of a system may be beneficial. 

By predicting a system's behavior, computational chemistry can 

potentially be used to improve the efficiency of existing operating systems 

as well as the design of new systems. It can help to shorten product and 

process development cycles, optimize processes to improve energy 

efficiency and environmental performance, and solve problems as they 

arise in plant operations.  

 

Computational chemistry can also assist in the design and optimization 

of new and existing processes and products. It can be used to reduce the 

costs of development, improve energy efficiency and environmental 

performance, and increase productivity and profitability. Although 

computational chemistry is currently being applied in the chemical 

industry to some degree, it is difficult, costly, and could see much greater 

use. There are significant limits to the type and size of problems that can 

be modeled, as well as the validation and reliability of the results. [2, 4] 

Therefore, it is possible to predict different molecular properties that can 

easily characterize the molecule under study from quantum chemical 
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calculation. A lot of molecular properties can easily determined using 

appropriate quantum chemical methods, geometrical structures, 

electronic energy levels (UV and Visible spectra), thermochemistry (ΔH, 

ΔS, ΔG, CV, CP) primarily gas phase, potential energy surface (barrier 

heights, transition states) with a treatment of dynamics that leads to 

reaction rates and mechanisms, ionization potentials, electron affinities, 

Frank-Condon factors (transition probabilities, vibronic intensities), IR 

and Raman intensities, dipole moments, polarizabilities, electron density 

maps and population analyses as well as magnetic shielding tensors-

NMR spectra. [22-24] 

 

2.1. Geometry Optimization 
 

To calculate the properties of a molecule, a well-defined structure should 

be at foremost generated. Thus the process of finding the arrangement of 

nuclei for which the potential energy is a minimum is known as geometry 

optimization. The geometry optimization procedure involves making an 

initial guess for the geometry and then calculating the derivative 

(gradient) of the potential energy with respect to each of the nuclear 

coordinates. At a stationary point (lowest values on a potential energy 

surface); 

                      
iR
Eg

∂
∂

= = 0    and        2

2

iR
E

∂
∂  > 0 for all i 

the gradient represents the force acting upon each atom. These energy 

gradients are then used to obtain a new geometry that is likely to be 

closer to the equilibrium geometry. This process is repeated until the 

energy gradients (forces) approach zero, indicating that equilibrium 

geometry has been found. Geometry-optimization of molecular structures 

is a fairly routine task; in that efficient and reliable optimization methods 

 19



exist for the most common electronic-structure methods. The first step in 

any quantum chemical calculation is to find the optimized structure. [4] 

 

2.2. Molecular vibrational frequencies 
 

The vibrational states of a molecule are observed experimentally via 

infrared and Raman spectroscopy. These techniques can help to 

determine molecular structure and environment. In order to gain such 

useful information, it is necessary to determine what vibrational motion 

corresponds to each peak in the spectrum. This assignment can be quite 

difficult due to the large number of closely spaced peaks possible even in 

fairly simple molecules. In order to aid in this assignment, many workers 

use computer simulations to calculate the vibrational frequencies of 

molecules.  

 

Every computational chemistry program defaults to predicting the 

harmonic vibrational frequencies, which are the frequencies determined 

from the second-derivative of the potential energy surface according to 

the harmonic oscillator approximation: 

            
hc
EυΔ

=
μ
κ

π
ν i
i

C2
1

=
−

…………………………………………………..  (1.18) 

Where 
_

ν  is the fundamental vibrational frequency, κ is the force 

constantμ -reduced mass of the corresponding atoms. 

Not all molecular vibrations lead to observable infrared absorption. In 

general, a vibration must cause a change in the change distribution with 

in a molecule to absorb infrared light. Hence, a vibrational transition is 

said to be IR active, if the dipole moment of the molecule changes during 

vibration. 
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The greater the change in charge distribution, the stronger the 

absorption, and intensities of vibrational bands in IR spectra depend on 

the square of derivatives of the dipole moment with respect to the normal 

modes. 

          
2

q
I IR ∂

∂
∝

μ ………………………………………………………………… (1.20) 

In order to predict the stretching frequency with in the harmonic 

oscillator equation all that is needed is the 2nd derivatives of the energy 

with respect to bond stretching computed at the equilibrium geometry, 

i.e., κ . The importance of κ  has led to considerable effect to derive 

analytical expression for second derivatives and they are now available in 

most Ab-initio methods and DFT methods. Harmonic vibrational 

frequencies obtained from computational methods are always larger than 

the experimental ones (10%). The major source of this disagreement is 

the neglect of anharmonicity effects in the theoretical treatment, the 

potential energy surface is of course not exactly harmonic, and the true 

vibrational frequencies will have contributions from third, fourth, and 

higher derivatives of the potential energy surface. Thus, theoretical 

harmonic frequencies are almost always too high compared to 

experimentally measure fundamental frequencies. Errors also arise 

because of the incomplete incorporation of electron correlation and the 

use of finite basis sets. Pretty good estimates of experimental 

fundamental frequencies can be obtained by multiplying the harmonic 

frequencies calculated at a given quantum chemical method by an 

empirically found scale factor. HF calculation of fundamental vibrational 

frequencies over emphasizes bonding, so all force constants are too large, 

and thus so are all frequencies. The pure DFT functional BLYP requires 

essentially no scaling i.e., its errors are random about the experimental 

values while the hybrid functionals require scale factors consistent with 

their inclusion of some HF character. However, application of a constant 
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scaling factor for the fundamental frequencies calculated at different 

theory level and basis set improves their accuracy enormously. [1, 4, 25-

26] 

 

A vibrational frequency calculation must be preceded by a geometry 

optimization using the same method and basis set as used for the 

frequency calculation. Frequencies calculated at a point that is not a 

stationary point are not true vibrational frequencies. 

Different motions of a molecule will have different frequencies. As a 

general rule of thumb, bond stretches are the highest energy vibrations. 

Bond bends are somewhat lower energy vibrations and torsional motions 

are even lower. The lowest frequencies are usually torsions between 

substantial pieces of large molecules and breathing modes in very large 

molecules.  

 

2.3. UV-Visible Spectral Calculation 
 

The photon energy in the UV-visible range (200-700 nm) is sufficient to 

promote or excite a molecular electron to a higher energy orbital. 

Consequently, absorption spectroscopies carried out in this region are 

called Electronic Spectroscopy. Thus, electronic excited states are most 

relevant when considering absorption spectroscopy. 

 

As a rule, energetically favored electron promotion will be from the 

highest occupied molecular orbital (HOMO) to the lowest unoccupied 

molecular orbital, and the resulting species is called an excited state. 

Thus, when sample molecules are exposed to light having an energy that 

matches a possible electronic transition within the molecule, some of the 

light energy will be absorbed as the electron is promoted to higher energy 

orbital. For any purpose, transition of lowest energy is the most 
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important. For most molecules, the lowest energy occupied molecular 

orbitals are the σ orbitals, which correspond to σ bonds. The π orbitals 

lie at higher energy levels, and the orbitals that hold unshared pairs, the 

nonbonding (n) orbitals, lie at even higher energies. The unoccupied, or 

antibonding orbitals, (π*, σ*), are the orbitals of higher energy. 

Not all of transitions are observed. Certain transition, called selection 

rules, must be considered. [27] 

It is shown that the probability of a transition between two states will be 

induced by the oscillating electric field of light wave is proportional to the 

square of the transition moment. For an electronic transition, the 

transition moment integral has the form, 

                …………………………………………………… (1.21) τψμψμ diffi

^
*∫=

Where the star denotes an excited state and  is the transition dipole 

moment operator and the fi are the final and initial states of the 

transition. 

^
μ

Therefore a transition is allowed if the transition dipole from the above is 

different from zero. But if transitions are forbidden, it does not mean that 

no transition at all, but the transition are not allowed by the selection 

rules. The two selection rules are Orbital symmetry and spin multiplicity. 

Hence, a transition is allowed by orbital symmetry if the initial and final 

states when multiplied by the dipole moment operator results in total 

symmetry (identity symmetry). 

The spin multiplicity selection rule suggests that there should be no 

change in spin multiplicity, i.e. ΔS=0. Therefore, when a transition is 

spin and symmetry allowed, very intense transitions are observed. 

Forbidden transitions show weaker intensities, as they are not allowed by 

any of the selection rules. A first insight of the intensity is also derived 

from the oscillator strength (f), which is dimensionless quantity such that 

the allowed transitions are nearly one. [28-29] 
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One of the principal techniques currently used for studying transition 

metal complexes is thus the electronic absorption spectroscopy. The 

electronic absorption spectrum often provides quick and reliable 

information about the arrangement of ligands around the metal ion. 

Studying the electronic spectra can provide details about the structure 

and bonding in complexes. For example, octahedral complexes are 

readily distinguished from the tetrahedral ones on the basis of the 

position and intensity of their absorption bands. The number of bands, 

their frequency and molar absorptivities should all be considered. It is 

necessary to compare the solution spectrum with that of the solid sate to 

be sure that the structure of the complex remains the same in solution 

as well as in the solid state. In solution, the changes may involve ligand 

replacement by the solvent, ligand rearrangement or increase in the 

coordination number by solvation. The electronic transitions of metal 

complexes having organic ligands are classified into three classes. 

- Metal-localized d-d transitions  

- Ligand-localized π→π* transitions 

- Metal to ligand charge transfer d→ π* (MLCT) 

The usually allowed electronic transitions for the metal complexes are 

the intraligand transitions, i.e. the transitions with in the ligand 

molecules and metal to ligand or ligand to metal electron transfer 

transitions. For the transition metals of the 3d series, the intraligand and 

charge transfer bands are generally at higher energies than the ligand 

field (d-d) transitions. The electronic absorption transition bands of metal 

complexes resulting from the d-d transitions are often referred to as 

ligand field or crystal field bands because their energies shift with 

positions of the ligand in the spectrochemical series. If the intense bands 

arising from the allowed transitions extend in to the visible region they 

may overlap with one or more of the bands due to d-d transitions. Hence, 

one of the characteristic features of many d-block metal complexes is 
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therefore their color. The colors are due to absorption of light in the 

visible region of the spectrum. Absorption bands in electronic spectra for 

d-block complexes are generally broad since transitions involving d-d 

transition are generally forbidden. A lot of quantum chemical methods 

are available now a days providing theoretical calculation of the possible 

excitations. Most commonly used are of Ab initio methods, configuration 

interaction (CI), and the time dependent DFT, TD-DFT methods as well 

as the semiempirical ZNIDO method. [30] 

 

3. Transition Metal Complexes  
 
Compounds of the transition elements account for the majority of colored 

inorganic materials, and many pigments are relatively simple derivatives 

of these elements; however, not all transition-element compounds are 

colored. The elements occur at the transition point in the periodic table 

where the d orbitals are being filled. The first row transition elements 

coincide with the filling of the 3d, the second row with the filling of the 

4d, and the third row with the filling of the 5d orbitals. The transition 

elements are possessing filled or partially filled valence d orbitals in one 

or more of its oxidation states. One of the consequences the open 

(incompletely filled) dn configuration of transition-metal ions may be the 

presence of one or more unpaired electrons. Such compounds could be 

described as paramagnetic metals.  
 

From the outer configurations of the transition metals and detailed 

spectroscopic investigations confirm that the 3d orbitals lay at higher 

energies than the 4s orbitals. 

Many of the compounds formed by transition metals are of a complex 

constitution, and they are accordingly known as complexes. The term 

complex is used to describe a coordination compound in which the 

acceptor is a metal (usually, but not necessarily, a transition metal) atom 
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or ion and the donor is called the ligand. Ligands, which interact with a 

metal ion through two or more donor atoms, are of particular importance 

in coordination chemistry. [31-33] 

 

The number of potential metal binding sites in a ligand is therefore 

indicated by use of terms monodentate, bidentate, tridentate, etc. 

Polydentate ligands, which are flexible enough so that two or more of 

their donor atoms can wrap around and bind to same metal are called 

chelating ligands. 

A Schiff base (or azomethine) is a potential metal binding function due to 

σ, π–interacting capability towards metal ions that can act as a tridentate 

ligand forming two stable five membered rings on complexation. Schiff 

bases are formed when the amino acid is (α, L-alanine) made to react 

with ninhydrin and proceed to give Schiff base upon passing many 

intermediates. They are good ligands for metal ions. Ketimine is therefore 

the first intermediate before the reaction goes to completion to produce a 

Schiff base. It is this intermediate of the potential ligand to metal ions, 

acting as a tridentate ligand forming a complex. The Schiff base formed 

from ninhydrin and α, L-alanine has the intermediate, which is the 

potential ligand for the transition metal complexes. 
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Ketimine intermediate  
     Fig.I Possible metal binding centers of a Schiff base derived from  

            ninhydrin and an α, L-alanine 

In the presence of metal ions, the reaction between the ninhydrin and 

amino acids do not proceed to the final step, stops at the first step, i.e, 

forming a highly colored complex with the Schiff base. The formation of 
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this stable complex has very prime importance in biological and 

physiological characteristics of the amino acid. [34-35] 

 

The ligand, which is monobasic and tridentate is extensively form a 

stable complex so that the formation of Ruhemman’s purple is stopped at 

the intermediate state. The formation of this stable complex provides a 

wide application and possesses chemical and spectroscopic 

characteristics, which need further investigation and has very prime 

importance in biological and physiological characteristics of the amino 

acid. Experimentally, the complex is synthesized from different 3d 

transition metal salts and a characteristic colors are observed. 

Characterization of these metal complexes leads to further application 

and synthesis of such kind of complexes from different amino acids. 

The electronic structure of the d metal complexes can be greatly affected 

by the ligand. In the crystal field theory, a ligand lone pair is modeled as 

a point negative charge that repels electrons in the d orbitals of the 

central metal ion and the resulting splitting of the d orbitals into groups 

of different energies. It is simply the overlap of d-orbitals with ligand 

orbitals to form molecular orbitals. 

 

3.1. Computational aspects of transition metal   

        complex 
 

There is a growing interest in modeling transition metals because of its 

applicability to catalysts, bioinorganics, materials science, and 

traditional inorganic chemistry. Unfortunately, transition metals tend to 

be extremely difficult to model. This is so because of a number of effects, 

which are important to correctly describing these compounds. The 

problem is compounded by the fact that the majority of computational 

methods have been created, tested, and optimized for organic molecules. 
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Some of the techniques that work well for organics perform poorly for 

more technically difficult transition metal systems. 

Nearly every technical difficulty known is routinely encountered in 

transition metal calculations. Calculations on open-shell compounds 

encounter problems due to spin contamination and experience more 

problems with SCF convergence. For the heavier transition metals, 

relativistic effects are significant. Many transition metal compounds 

require correlation even to obtain results that are qualitatively correct. 

Compounds with low-lying excited states are difficult to converge and 

require additional work to ensure that the desired states are being 

computed. Metals also present additional problems in parameterizing 

semiempirical and molecular mechanics methods. [2] 

 
More over, the fractional occupation of the d shells frequently gives rise 

to manifold of close lying electronic states, each with different chemical 

behavior. The near degeneracy problem for transition metal systems is 

furthermore enhanced by the fact that d bonds are often formed with 

non-optimal overlap. This leads to the appearance of non-proper 

dissociation behavior at the equilibrium geometry.  [36-37] 

The problem in treating these, some times severe non-dynamical near-

degeneracy problems is for transition metals coupled with the problem to 

treat the usually strong dynamical correlation problem for the tightly 

packed electrons in the d shell. The main problem in the treatment of 

non-dynamical correlation effects is that very flexible configuration 

expansions may be required, while the main problem in the treatment of 

the dynamical correlation problem is that basis functions with high l 

quantum numbers are in principle required. Transition metal complexes 

are heavy enough that relativistic effects play an important chemical role. 

This is particularly true for the third row transition metals, but the 

relativistic effects cannot be neglected even for the first row transition 

metals if high accuracy is required. It is this computational challenge to 
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treat transition metal systems combined with the very large experimental 

and technical interest that has led to a constantly growing theoretical 

interest in these systems. [36] 

 

3.1.1. Computational treatment of the first row   

            transition metal complexes 
 

Even though the first transition row represents the lightest of the 

transition metals, molecules containing these metals are usually the 

most difficult to treat. The large difference in size between the 3d and 4s 

orbitals makes computationally tractable. The largest difference in size 

occurs for nickel, where s4 / d3  is as large as 3.36. To the left, this 

ratio decreases down to 2.03 for scandium. This leads to severe near 

degeneracy effects when the d bonds are formed since the bonds have to 

be stretched from the position of optimal overlap. This effect complicates 

substantially both geometry optimization and the calculation of reliable 

energies for molecules with elements of this transition raw. 

 

First row transition metal complexes are particularly difficult to handle 

for several reasons. From standard quantum chemical Ab initio view 

point; there can be a very strong coupling between near degeneracy 

effects and large dynamical correlation effects for these transition metal 

complexes. From DFT viewpoint, one difficulty is the strong coupling 

between correlation effects and exchange effects, at least for cases with 

unfilled d-shells. These effects are severing for the first raw transition 

metals. [36, 38] 

There are two very important recent developments in the area of 

electronic structure calculations for transition metal complexes. The first 

of these concerns the development of DFT methods capable of achieving 

quantitative accuracy. The second development concerns improvements 
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in the accuracy of standard chemical methods. For the first transition 

raw, DFT hybrid methods, give promising results both for geometries and 

energetics. [39-40] 

The particular computational method chosen depends on the desired 

accuracy (qualitative vs. quantitative), the size of the system, and 

available computational resources. 
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4. Objective of the project 
 

The general objective of this project is to study molecular properties of 

transition metal complexes chelated with Schiff base derived from 

alanine and ninhydrin. The experimentally synthesized complexes are 

theoretically characterized by different quantum chemical method. 

The geometrical structures of the first raw transition metal complexes are 

investigated and the nature of the ligand, the structural connectivity of 

the ligand is mainly the goal of this project.  The metal complexes are Mn 

(II), Fe(III), Co(II), Ni(II),  and Zn(II). The spectroscopic properties, IR and 

UV-Vis are computed at different computational methods.  

 

4.1. Specific objectives of the project 
 

 Geometry optimization of the ligand and first row transition metal 

complexes as well as Mulliken charges of the ligand and metal 

complexes to obtain the minimum energy and most stable 

geometry before any molecular property calculation is done. 

 Computational prediction of IR and UV-Vis properties of the metal 

complexes and compare with the experimental values 

 To determine the ligand binding sites from the IR values and the 

origins of the electronic spectra of the coordination compounds 
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5. Computational details  
 

The geometry optimization and frequency calculation of the metal 

complexes were done using the B3LYP functional of the Gaussian 03W 

[41] program package.  

The optimization and frequency calculation of the metal complexes were 

done using the same basis set. The starting materials of Schiff base, α, L-

alanine and ninhydrin, were optimized using B3LYP/6-31G method. The 

ligand, IDIPA, has been optimized using the same basis set as the 

starting materials with 6-31G. The optimization and frequency 

calculation of the metal complexes Mn(II) and Co(II) were done using 

B3LYP/6-31G method. B3LYP/3-21G(d) method  were employed for 

geometry optimization and frequency calculation of the metal complexes, 

Fe(III), Co(II) and Ni(II). The Mulliken charges of the ligand and the metal 

complexes were done. 

 

Electronic spectra of ninhydrin was computed using B3LYP/6-31G, 

B3LYP/6-31G(d)  and ZINDO methods. Electronic spectra of the ligand 

were calculated using the time dependent B3LYP method with 6-31G 

basis set as well as using the semiempirical ZINDO method. 

The electronic spectra of the metal complexes, Mn(II), Co(II), Ni(II) and 

Zn(II were calculated at ZINDO level and Fe(III) complex were performed 

at TD-DFT level using 6-31G(d) basis set. The calculations were 

performed on a double processor HP Compaq dx 7400 Micro tower, Intel 

Pentium(R) of version 2002. 
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6. Results and Discussion 
 

For IR vibrational frequency calculation, the B3LYP method with suitable 

basis set gives reliable data. Hence, the optimization and frequency 

calculation were done in such a way the results obtained are of course 

multiplied with a scaling factor of 0.96 which is characteristic vibrational 

frequency scaling factor of DFT methods (0.9614 for B3LYP/6-31G(d)).  

 

     6.1. Geometry Optimization 

Before calculations of molecular properties of the metal complexes were 

done, the metal complexes were made to be optimized in the gas phase 

using B3LYP with standard basis sets.  

Mulliken Charges: From the calculated Mulliken charges of the atoms in 

the ligand, the charges on N and O (ketonic) are -0.297 and -0.397. The 

charge on the hydroxyl O is -0.550 and -0.402 for the carboxylic oxygen. 

Therefore, the binding sites of the ligand to metal ions are either of these 

negatively charged ions, (ONOO). Quantitatively, it is possible to figure 

out the binding sites as –N=C, -O=C- and –O donor atoms to which a 

coordination will favor. In general, the charge decrease in the metal ions 

and a negative increase of the donor atoms in the complexes show that 

the ligand is coordinated to the metal through one of the carbonyl, O, the 

azomethine N, and the carboxyl O. For example, B3LYP/6-31G optimized 

structure of Co(II) complex shows reduced Mulliken  charge on Co+1.018, 

for the coordinated carbonyl O-0.576, -0.496 and carboxylic O-0.5, -0.547 which 

are higher negative values than the free carbonyl, O-0.361, 0.39 and carboxyl 

O-0.429, -0.403. This is also further supported by the Mulliken charges of the 

azomethine nitrogen acting as a powerful electron donating with charge 

N-0.594, 0.58. Thus, the potential electron donors of the ligand calculated 
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are therefore a clear indicative of octahedral coordination to the metal 

complexes. 

The optimized structure of the ligand shows bond length of 1.28108 Å for 

C=N and the ketonic C=O bond lengths are 1.23754 and 1.24538 Å 

where a coordination takes place. 
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O

N
CH

CH3
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O

 

Fig. II. Optimized structure of indane-1,3-dione-2-imine-N-2-propoinic                 

acid, IDIPA    

The optimized structures for the metal complexes are shown in Fig. III- 

IV. The optimized structure of Fe(III) complex is consistent with 

experimental structure in which the Fe-N(1.8813 Å) and the Fe-O 

(hydroxyl 1.8464 Å) bond lengths, were in good agreement with the 

octahedral structure of Fe(III) complex.[34] The C=N(1.2931) bond length 

were larger than the expected C=N double bond in which the bond order 

is 2. This was generally by the fact that the bond order is decreased due 

to coordination through N-to the Fe. The coordination were further 

supported by the elongation of the C=O (1.2785 Å) bond to form a 

covalent bond with Fe. Although, the strong ionic bond is formed 

between the basic Fe-O, the Fe-O (1.8464Å) bond length is generally in 

the same range to the Fe-O (coordinated 1.937Å) in which the former 

bond length is characteristic of octahedrally bonded ligands in the axial 

position.  

Generally, the Fe3+-O bond with high spin Fe3+ in octahedral structure is 

in between 1.84-1.95 Å, characteristic of high spin Fe3+ complex in 

octahedral structure. The Fe-Cl bond length is thus 2.26965Å. [42] 
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The octahedral structure of Mn(II) in high spin state is the same as the 

structure of Fe(III) complex in which the number of ligands coordinated 

to the metal is reduced to one. The same trends are observed for bond 

lengths of the C=N and C=O. The difference in bond length of the two 

carbonyls suggests that one of the carbonyl is coordinated to the metal, 

C=O-1.241 Å (free) and 1.335 Å (coordinated). 
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       Fig. III. Optimized Structures of α, L-alanine and Ninhydrin                 
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           Fig.IV. Optimized structures of M = Co2+, Ni2+, Zn2+
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                  Fig. V. Optimized structure   M = Fe3+
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                     Fig. VI. Optimized structure M = Mn(II) 

The shift to longer bond length of C=N and C=O in the complexes show 

that they are involved in coordination with the metal ion. Hence, the 

ligand is acting as a bidentate through the ON donor atoms. The Fe-O 

(basic O) with bond length of 1.846 Å is at higher covalency than the Fe-

OH2 (1.927 Å). It should be noted that the geometry optimization were 

done at B3LYP/3-21G(d) theory level and hence the basis set used is 

relatively small so that the bond lengths deviates from the experiment. 

The optimized structure of Mn(II) complex shows that the longer bond 

length of C=O 1.24095 Å (free) to 1.32387 Å suggests that oxygen is 

covalently bonded to the metal.  

The bond length of Co2+-O (carbonyl) is 1.93795 Å and C=O is thus 

1.30133 Å. 

The optimized structure of Zn(II) complex shows a bond length of 

1.28563Å for the coordinated C=O which is smaller than the other metal 

complexes and 1.96352Å for Zn2+-N bond length.  

After all, the optimized structures show that the minimum energy for the 

complexes differs from each other. For the cases where satisfactory 

convergence was obtained the geometries of the complexes remained in a 

coordination of six, in agreement with the experimental data. [43] 

Geometry optimization of the metal complexes using B3LYP level of 

theory with standard basis sets gives reliable results. The number of 

ligands coordinated increases from one in Mn(II), Fe(III) to two in Co(II), 
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Ni(II), Zn(II) metal ions, which is consistent to the size of metal ions to 

accommodate larger ligands. Despite the fundamental difference among 

the basis set used for each complex, all calculations suggest a 

coordination of six to the metal complexes. The ligand is acting as a 

bidentate through the carbonyl O and the imine N as well as the strongly 

charged carboxyl O. As a result, the optimized structures were therefore 

confirming a tridenate monobasic nature of the ligand in such a way a 

bond lengthen of C=N and C=O bonds to form a covalent bond in all 

calculation is maintained.  From the above structures, one can correlate 

with the experimentally predicted structure that the optimized 

geometries are in good agreement with experiment in their octahedral 

structure. The optimized structures are therefore shown in Fig. III-IV 

with the number of ligands coordinated differs from each other as, 

[Mn(IDIP)(H2O)2]+, [Fe(IDIP)H2OCl]+, M(IDIP)2 where M is Co2+, Ni2+, Zn2+. 

 

The octahedral nature of the metal complexes was further supported by 

the bond angles. In principle, all bond angles within the equatorial plane, 

within axial plane and between equatorial plane and axial plane are the 

same, namely, 900.  The optimized structure of Co(II) complex is 

therefore, ∠Oax-Co(II)-Oax =178.20  and ∠Neq-Co(II)-Neq = 179.450 , which 

is comparable to the octahedral structure criteria of 1800. The angle 

between the two nitrogens in the equatorial plane and the oxygen in the 

axial plane is therefore 85.70 and 93.10. The bond angles for the 

optimized structure of Ni(II) predicted were in good agreement to the 

literature values ∠Oax-Ni(II)-Oax = 179.470, ∠Neq-Ni-Neq = 175.30 and Oax-

Ni-Oeq = 84.80 and 94.080 which deviates from the literature values as it 

should be 900. The bond angles for the coordinated nitrogen and oxygen 

in the axial and equatorial, ∠Oax-Ni(II)-Neq= 83.820 and 96.480.  The same 

trend is observed for the Zn(II) complex. 
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The optimized structure of Fe(III) complex shows a bond angle of about 

170.70 for ∠Oax-Fe(III)-Clax  and 173.20 (174.20) for  ∠Oeq-Fe(III)-Oeq  in 

the equatorial plane. Hence, the presence of the highly electronegative 

chlorine distorts the octahedral structure of the Fe(III) complex. The 

optimized structure were also show deviation for the bond angles ∠Oeq-

Fe(III)-Neq = 85.40 and 94.60.  

The optimized structure of Mn(II) shows a bond angles comparable to the 

octahedral bond angles. In perfectly octahedral structure, the axial bonds 

should make a bond angle of 900 with the equatorial bonds and the 1800 

with the axial bonds. The bond angles of the axial oxygen with the 

equatorial bonds are thus, ∠Oax-Mn(II)-Oax = 1680 and Oax-Mn(II)-Oeq=84, 

89, 91, 94.  

 

The optimized structure for M(IDIP)2 (M= Co2+, Ni2+ and Zn2+) show an 

octahedral structure with small deviation. The computed geometries are 

therefore in their octahedral structure. For the first two metal complexes 

Fe(III) and Mn(II), the optimized structure were not perfectly octahedral 

structure. The bond angles are some what distorted  

 

The optimized structures obtained above were further confirmed that 

imaginary frequencies for the metal complexes were not found in all 

calculations. Thus the calculated energies represent a minimum energy 

and stable geometry. 
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6.2. Infrared spectral studies 
 

The infrared frequencies for the ninhydrin are given in Table 1, the 

vibrational frequencies are in units of cm-1. 

 

Table. 1. Infrared spectral characteristics of Ninhydrin [45]  

Comp B3LYP/6-

31G 

 

B3LYP/6-

31G(d) 

Exper.[34, 44] Assign. 

3445(w) 3536(s) 3200-2920(b,s) ν(OH) 

1694(s), 

1665(vs) 

1772 (s) 

1744 (s)  

1768,1754, 

1720(s) 

ν(C=O) 

Ninhy 

1585(m) 1585(m) 1590(s) ν(C=C)aro 

3109(w), 

3092(w) 

3099 (s), 

3084 

- ν(=C-H) 

arom 

727(m) 721(s) - δ(=C-H) in 

plane 

 

466(m), 

395(s) 

418(s) - δ(O-H) 

             vs – very strong; s - strong; m – medium; w - weak 

 

Calculations of the vibrational frequencies of ninhydrin using the B3LYP 

level of theory (scaled with 0.9614) are in good agreement with the 

experiment.  

A very strong absorption at 3536 cm-1 is attributed to the O-H stretch. 

The O-H stretching absorption of the hydroxyl group is very sensitive to 

hydrogen bonding. In the gas phase, O-H stretch exhibits a sharp 

absorption in the range 3560-3650cm-1. Thus the large differences 

between experiment and the calculated values at B3LYP/6-31G(d) and 

B3LYP/6-31G indicates that the OH is free of H-bonding.  
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The 1, 3 dicarbonyl functionality behavior of the ninhydrin is therefore 

supported by the two calculations in which the B3LYP/6-31G(d ) method 

is fairly in good agreement with experimental ones. In both calculation, a 

third C=O stretch is not observed, hence the third C=O stretch is due to 

the intermediate obtained when the ninhydrin is in solution and made to 

condense. Hence, the calculation in both cases is therefore carried out in 

the gas phase which doesn’t support a third C=O absorption, 1768 cm-1. 

 

The significant IR bands for the ligand as well as for its metal complexes 

and their assignments are compiled and represented in Table 2. 
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Table 2. Infrared spectral data of the metal complexes of IDIPA 

calculated with B3LYP using different basis sets (IR frequencies are given 

cm-1) [34, 44] 

α,L-

alab

Ligand
b

Mn(II)b Fe(III)a Co(II)b Ni(II)a Zn(II)aCompou

nd 

ν(OH) 

(ν(NH2)) 

 

3543(w

) 

(3441w, 

3353w

) 

 

3535(w

) 

 

3695(

m)- 
3511(w

) 

 

3521 (s) 

3466 (s) 

3390 

(m), 

3314(m) 

- 

- 

- - 

ν(C=O) - 1760(

m) 

1735(s

) 

1670(

m) 

 

1695 (s) 1664(m

) 
1643(v

s) 

1686(m

) 

1663(v

s) 
 

1696(s) 

1655(vs) 

1646(w) 

ν(C=C)aro

m

- 1605(w

) 
1568(w

) 
1540 (s) 1587(w) 1545(w

) 
1576(w) 

νa(COO 1770(v

s 
1780(v

s) 

 

1690(v

s) 
 

1720(vs) 1645(vs

) 

1697(v

s) 
1687(vs) 

ν(C=N) - 1640(w

) 
1502(v

s) 
1582 (vs) 1556(vs

) 
1581(s) 1596(vs) 

δ(CH, 

CH3

1318(w

) 
1465(
w), 
1387(w

) 

1283(w

) 
1411(w

) 

1291(w

) 
1391(s) 

1346. 
(m), 
1398 

(1489.) 

1335(vs

) 
1463(m

) 
 

1315(v

s) 

1416(v

s) 

1418(w) 

1498(w) 

a3-21G(d)    b6-31G , ν- stretching; out of plane bending; δ- bendingvs – 

very strong; s - strong; m – medium; w - weak 
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Although the comparison of IR frequencies is not possible between the 

metals, the results obtained at smaller basis set are not far from the 

experimental ones. The IR spectrum of α, L-alanine exhibits νNH2 at 

3441cm-1 and 3353 cm-1 is not observed in the metal complexes. The 

higher frequency is associated with the asymmetric stretching 

characteristic of N-H and the lower frequency is also due to the 

symmetric stretching of N-H. The O-H stretch is observed for the 

compounds ninhydrin, α, L-alanine and two of the metal complexes, 

Fe(III) and Mn(II). The free O-H stretch in the metals is due to the 

presence of coordinated water to the metals thus reducing the number of 

ligands coordinated to the metal. The solvent is therefore replacing the 

ligand, which is greatly supported by the lower frequencies characteristic 

of O-H bending. Thus, the number of ligands coordinated to the metal is 

greatly influenced by the metal size. 

A clear indication of coordination of the ligand through one of the 

carbonyls is observed for the C=O stretch. Generally, the C=O stretch is 

1650-1780 cm-1. The C=O stretch in the metal complexes is generally 

lower than the experimental values. For Fe(III) complex, the C=O stretch 

deviates  from the experimental values by +10-15 cm-1. Hence, the 

frequency calculation using B3LYP/3-21G(d) for the C=O stretch is 

therefore in good agreement with the experimental.  

 

The vibrational frequencies for Mn(II) complex obtained at the DFT level 

of B3LYP/6-31G greatly deviate from the experimental. The Vibrational 

frequency of C=O (coordinated) in the Mn(II) complex  is 1561 and 1670 

cm-1 for free C=O bond. The lower vibrational frequencies for the C=O 

stretch at 1561 cm-1 is therefore the strong coordination to metal ions. 

The results are in good agreement to the experiment, 50-90 cm-1. The 

infrared frequencies for the carbonyl groups in the ligand are shifted 

from 1735(s) to 1660 cm-1 and 1781 cm-1 to 1689 cm-1. The shift to lower 

frequencies indicates the involvement of one of the two carbonyl groups 

 42



of the ligand in coordination with the metal ion. The coordination of one 

of the carbonyl to the metal ion is also well behaved by the C=O stretch 

at 1561 cm-1. Thus, the predicted frequencies for C=O in the complex at 

the B3LYP/6-31G are generally well defined and gives reliable results 

comparable to the experiment.  

 

Infrared frequencies of the Fe(III) complex computed at the B3LYP/3-

21G(d) are  given in table 2.  

The presence of νO-H stretch at 3521-3314 cm-1 indicates the coordination 

of water molecules to the metal ion and further confirmed by the O-H 

bending observed in the spectrum from 435-575cm-1. Moreover, the 

presence of coordinated water to the Mn(II) and Fe(III) complexes is 

supported by other bands in the region 1520-1550 cm-1. The lower shift 

of the C=O frequencies for the metal ion reflects the accuracy of the 3-

21G(d) basis set for an octahedrally coordinated Fe(III) complex in high 

spin state. The C=O stretch in this complex are 10-15 cm-1 larger than 

the experiment.  

The IR frequencies for the Ni(II) complex computed using 3-21G(d) basis 

set were generally in good agreement with the experiment for the 

carbonyl  vibrational frequencies (35 cm-1 lower) and the vibrational 

frequency of azomethine group (C=N) is about 65 cm-1 discrepancy from 

the experiment. The lower values for the carbonyl indicates that the C=O 

bond is well coordinated to the metal and therefore the basis set 

employed is however well to reproduce the metal-ligand strong 

coordination. In more general, even though the smaller 3-21G(d) basis 

set is employed for Ni(II)  complex, can reproduce relatively reliable result  

consistent to the experiment .  

 

As a result, the infrared spectra computed for the Ni(II) complex  is 

clearly indicating the same trend as the other basis sets that the 

vibrational frequency of the azomethine and carbonyl in the ligand shifts 
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to lower frequency in the metal complexes. The IR frequencies of C=O 

and azomethine groups in Zn(II) complex appear in between 1696-1655 

cm-1 and 1596 cm-1 of appreciable difference with the experiment of 37-

55 cm-1 and 88 cm-1, respectively.  

In all computation, the vibrational frequencies are generally in good 

agreement with the experimental results that the relative error is in the 

range 2-7%. The vibrational frequencies obtained computationally are 

generally with a relative error of 10%. [3]  

In all computation, the vibrational frequencies are generally higher than 

the experimental values with small discrepancy and therefore be 

employed for molecular properties of the transition metal complexes. It is 

important to note that the hybrid B3LYP method is a reliable method in 

reproducing IR frequencies of the first row transition metal complexes in 

a more low computational cost. The method can variably used with 

different standard basis set for IR prediction. 

 

The IR frequencies for the aromatic C=C stretch in the metal complexes 

are generally lower than the ligand and differ by 10-48 cm-1 from the 

experiment besides the basis set employed for each metal complexes are 

different. The presences of medium bands at 745-760 cm-1 in the metal 

complexes are due to ortho- di- substituted aromatic ring in the ligand 

and the results are consistent with experiment of 10-15 cm-1 error. 

 

The IR frequency for νC=N of the ligand and the metal complexes is a very 

interesting feature of the metal complexes through which a coordination 

with the metal ions is at most favored. The results obtained for νC=N of 

the ligand calculated at B3LYP/6-31G theory level is thus 1640 cm-1. 

Generally, the usual frequency at which azomethine group (C=N) appears 

is in the range 1600-1670 cm-1. The calculated value is therefore 

consistent with the literature values. In the metal complexes, this 

absorption appears to lower frequencies. Its negative shift of about 50-90 
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cm-1 is a clear indication of the participation of the azomethine nitrogen 

in coordination. However, the calculated values are generally higher than 

the experimental values about 85 cm-1. The IR frequency of the 

azomethine of the Mn(II) complex calculated using B3LYP/6-31G is 1503 

cm-1 (2cm-1)  in good agreement with the reference value. A similar 

situation is observed in the case of Co(II) complex with 44 cm-1 larger 

from  the reference value and therefore in  a reasonable agreement. The 

absorption bands of νC=N in the metal complexes, Fe(III), Ni(II) and Zn(II) 

are fairly higher of about 85 cm-1. Therefore, the B3LYP/6-31G method 

predicts the νC=N infrared frequency consistent to the experiment. The 

calculated IR frequencies for the azomethine group in the metal 

complexes show that the C=N- group is coordinated to the metal through 

the nitrogen donor atom.  

The structure and IR frequency difference of metal complexes are greatly 

influenced by the metal –ligand interaction and thus become the specific 

and most important way to differentiate these complexes from each other 

based on their chemical nature and size of the metal. Thus, from the 

geometry optimization, it was possible to differentiate the metal-ligand 

bond length of the complexes and therefore the same trend is generally 

obtained for the metal –ligand IR frequencies. 

 

The metal- ligand bands observed for the metal complexes were at lower 

frequencies in the range 242-780 cm-1 characteristic of the M-N, M-O 

bonds.  A very interesting band at 242 cm-1 were only observed for Fe(III) 

complex and suggests that Fe(III) is bonded to halogen atom Cl different 

from other complexes. The absorption band for M-N and M-O appear 

only for the metal complexes.  

The C-O stretch is generally in the range 1000-1300 cm-1. The negative 

shift of the C-O stretch is therefore a clear indication of coordination of 

the oxygen with metal ions. This coordination is further confirmed by the 

presence of bands for M-O bond. However, the results were deviating 
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from the experimental values (140cm-1 lower). The absorption band at 

707 cm-1 (20 cm-1 larger) and 638 cm-1(32 cm-1) are assigned to Zn2+-N 

and Zn2+-O bands and lower frequency bands were also observed at 599 

and 547 cm-1.  Mn(II) complex show Mn2+-N and Mn2+-O  bands at 707 

and 638 cm-1, respectively. The IR spectra of Fe(II) and Mn(II) show HOH 

bending at 523 cm-1 and 574 cm-1, respectively. Hence, the HOH bending 

were not observed in the IR spectra of the three metal complexes, Co(II), 

Ni(II) and Zn(II). The coordination of the carboxylic oxygen of the ligand to 

metal ions was determined from the IR spectrum of metal complexes 

computed theoretically. Despite the difference in the basis set for metal 

complexes, the B3LYP method reproduces reasonable IR frequency of the 

metal-ligand in good agreement with the experiment.   

Finally, it could be concluded that IDIPA behaves as a tridentate ONO 

donor involving a carbonyl oxygen, a carboxyl oxygen and an azomethine 

oxygen in coordination.  

 

6.3. Electronic Spectral Studies 
 

All metal complexes show electronic transitions characteristic of the 

ligands. The presence of non-bonded electrons and π electrons in the 

ligand attributes to different electronic transitions. The electronic 

spectral data for ninhydrin calculated with time dependent-density 

functional theory, TD-DFT(B3LYP) method using two basis set is shown 

in Table 3. 

  Table 3. Electronic spectral data of Ninhydrin (three Excitations) 
        ZINDO/S TD-DFT/6-31G TD-DFT/6-31G(d) Stat

e E λ ƒ E λ ƒ E λ ƒ 

1 4.36 284 33.5 3.38 367 0. 2 3.28  378 0. 2 

2 5.42 229 912.9 3.43 361 1.7 3.65 340 0. 9 

3 5.63 220 395.0 4.3 288 0. 4 4.23 294 0. 7 

    E/eV;   λ/nm;  ƒx10-3
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The electronic spectra of ninhydrin show that transitions are formally 

weak band in which the absorption intensity tends to be much lower and 

are commonly assigned to two transitions which are characteristic of 

carbonyl and benzene electronic transitions. The transitions for the 

ninhydrin using TD-DFT were done for the first 3 states. However, for 

ZINDO method, electronic transitions were done for the first 40 states 

and therefore the more intense (large f) were taken for comparison  

From TD-DFT calculation, bands at longer wavelength 370 nm are 

characteristic of the n→π * transitions of carbonyl group and the lower 

288-294 nm is assigned to the π →π * transitions of benzene moiety. As 

we increase the possible excitation states, it is possible to observe all 

electronic excitations. [34, 44]  

Over all 40 excited states of ZINDO/S calculation, the lower wavelength 

indicates that electronic excitations are allowed excitations in which the 

value of oscillator strength is higher for those allowed transitions. 

However, the oscillator strength is therefore the bridge between, since for 

more allowed transitions f gets larger. Hence, excitation state 2 is a 

characteristic of π →π * transition. Generally, both DFT and ZINDO 

methods give electronic spectral data of complementary values of the 

transition and fairly correlate with the experimental ones. All complexes 

were therefore calculated at the ZINDO/S level beside that its accuracy is 

fairly comparable with the TD-B3LYP in which the computational cost is 

thus high.  The electronic spectral data for metal complexes calculated 

using ZINDO/S method are given in table 5.                                                                     
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Table 4. Electronic spectral data of ligand calculated at the ZINDO  

              method and TD-B3LYP with 6-31G  basis set 

ZINDO TD-DFT/6-31G Excit. 

E/eV λ/nm ƒ E/eV λ/nm ƒ 

1 4.37 284 0.1757 4.09 303 0.0313 

2 4.78 259 0.743 4.82 

4.87 

257 

254 

0.1735 

0.3748 

3 5.65 219 0.3998 5.58 

5.68 

230 

218 

0.1357 

0.128 

 

The ZINDO method is therefore relatively reliable method as good as the 

TD-DFT method; where TD-DFT is regarded today as the more accurate 

computational method [46], but given the high computational costs 

involved, especially with larger molecules.  The two calculations show 

that the transitions observed in the region 33,112 cm-1-35, 200 cm-1 

(284-315 nm) is assigned to the n→π * transitions of the carbonyl group 

with 300-1000 cm-1 lower than the experiment.  A weak intensity and 

therefore characteristic band of the azomethine is assigned to n→π 

transition observed at 23,924 cm-1.  

After all, the strong and high-energy electronic transitions were predicted 

to be π →π * transitions of benzene moiety in the region 38,910-43,660 

cm-1. Hence, the ZINDO method is thus comparable accuracy to TD-DFT 

method. ZINDO method is commonly used to analyze the electronic 

structure and spectra of transition metal complexes. [46] 

The electronic spectral data of metal complexes are given below in table 5 
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Table 5. Electronic spectral data of metal complexes of IDIP and their  

              assignments obtained at ZINDO/S method 

 Non-ligand electronic 
Spectral bands (in cm-1) 

Assignment [34] Compl
ex 

Calc. Exper.[34] 
27,202, 
24,938 

27, 397 
 

6T1g→4T2g(D) and 6A1g→6A1g(G) Mn(II) 

31,960,  
33,830 
(36,539) 

31,250, 
35, 587 

Mixed bands of  
6A1g→ 4Eg(D),  
6A1g → 4T1g(P) 

Fe(III)a 26, 530 
26,220-25,680 
13, 827 

28571 
27397 
12, 739 

6A1g→ 4Eg(G), 6A1g → 4A1g
6A1g→ 4Eg(D), 6A1g → 4T1g(D) 
6A1g → 4T2g(G) and 6A1g → 4T1g(G) 

28, 530 
16, 522, 
14, 694 

31, 250* 

14, 837 
CT 
4T1g → 4A2g  and 4T1g → 4T1g(P) 

Co(II) 

13, 432, 
11, 657 

12,690 -
12,547 

4T1g → 4T2g

Ni(II) 10, 225 
14, 165 
26,334-27,447 
17, 704 

10, 460 
15,385 
27,174 
1660*

3A2g→3T2g
3A2g→3T1g
3A2g→3T1g(P) 
3A2g → 1T1g

Zn(II) -  - 
aTD-DFT/6-31G(d);  * [44] 
 

From the above table 5, the electronic transitions of metal complexes 

calculated at ZINDO level are fairly in good agreement to the experiment.  

The Fe(III), Mn(II) complexes  have  a d5 configuration and hence the 

energy levels for d5 ion and its equivalent hole are the same. Thus, 

complexes of these ions are faintly colored. The ground sate of high spin 

octahedrally coordinated Mn2+ and Fe3+ complexes is therefore 6A1g in 

which the ground state term symbol of the metal complexes is 6S and 

other terms 4G, 4P, 4F, 4D next to the ground state term symbol. There 

are no other terms of sextet spin multiplicity and hence the transitions 

calculated are generally mixed and weak intensity of the characteristic 
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forbidden d-d transitions. However, very weak spin forbidden transitions 

to quartet were calculated in the metal complexes. Mn(II) and Fe(III) 

complexes are therefore in their high  spin sate in which the metal-ligand 

interaction is highly covalent in nature.  

The ground state term symbol Co(II) in the presence of ligand  in 

octahedral structure is  4F and hence the ground state is thus with 4T1g 

symmetry. Three spin allowed ligand field absorption bands were 

calculated and they are in good agreement to the experiment. These 

absorption bands are therefore characteristic of an octahedral geometry 

of Co(II) complex in high spin sate. 

The d8 metal complex of Ni(II) in its octahedral structure show three 

electronic transitions which are allowed transitions by spin multiplicity 

selection rules. The ground state term symbol is 3F and in the presence 

of ligand field the ground state term is thus 3A2g in octahedral 

coordination. The transitions observed were therefore characteristic of 

the Ni(II) complex in octahedral coordination. 

The Zn(II) complex has therefore a d10 configuration and its diamagnetic 

nature of the metal fails to absorb in the visible region.   

The metal complexes show ligand characteristic bands of generally 

38,000cm-1 which are characteristic of π →π * as well as some of the 

electronic transitions of the metal complexes were also obscured by the 

bands from the ligand in the region of 20,000-26,000 cm-1 assigned to 

the n→π * transitions characteristic of the azomethine and carbonyl 

groups.  Therefore, the electronic spectral calculations show that the 

metal complexes are in their octahedral coordination that the ligand –

metal interaction resulting in a large electron delocalization and hence 

good covalent character of the metal ligand character. The covalent 

character is high in the d5 metal complexes (Mn(II), Fe(III)) and increases 

from Co(II) to Ni(II) complexes. 
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7. Conclusion 

 
The computational prediction of infrared spectral property of metal 

complexes, Mn(II), Fe(III), Co(II), Ni(II) and Zn(II) coordinated to the ligand 

IDIPA, water and Cl using B3LYP with 6-31G, 3-21G(d), 6-31G, 3-21G(d) 

and 3-21G(d), respectively, show good agreement with the experiment in 

spite of using different basis sets for each complex.  The hybrid DFT 

method, B3LYP is therefore a very good method to study molecular 

properties of transition metal complexes. 

Electronic spectral calculations of transition metal complexes using 

ZINDO are in a reasonable agreement with the experimental values. The 

ligand, IDIPA, is an intermediate Schiff base derived from α, L-alanine 

and ninhydrin is tridentate monobasic potential ligand with ONO donor 

atoms for the first row transition metal complexes in their octahedral 

structure. The theoretical calculations are illustrating the experimental 

ones that the ligand IDIPA is the potential ligand, behaves as a tridentate 

ONO donor involving an azomethine nitrogen, carbonyl oxygen and the 

carboxyl oxygen in coordination. The theoretical calculations are thus 

supporting an octahedral structure of the metal complexes in which the 

coordination is six in consistent to the experiment. However, the 

octahedral nature of the first two metal complexes Fe(III) and Mn(II) is 

distorted as compared with perfect octahedral structure. 

Although much works are needed to compute molecular structure of the 

transition metal complexes, B3LYP with standard basis set are fairly 

enough to calculate structure and the infrared spectra of the metal 

complexes and semiempirical ZINDO method is a good model 

reproducing very well electronic spectra of the metal complexes as 

comparable to the experiment where higher computational methods are 

very cost enough.  
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