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PROPOSED OBJECTIVE OF THE RESEARCH WORK:
Day-to-day expanding in the chemistry of platinum and its complexes is duc to

their applications directly or indirectly pre-requisite for many of today’s problems
related to anticancer drugs, photochemistry, biological system, matcrials scicnce and
nanoscience. This is due to its versatile electron-transfer pathways. Survey of
literature shows that platinum and its compounds now used as sensors and switches,
as catalyst, as antimicrobial agents, as biomarkers, as metallopharmaceuticals in
treatment of cancer. Platinum based complex compounds have also been used as
drugs to activate or help to generate redox reactions. A survey of literature shows that
designing of new ligands that can complexed with platinum in different oxidation
states can lead to develop new materials. For new materials of diverse applications
there is and will be a continuous step-by-step study to discover new ligands and their
new platinum complex. These complex compounds can formed either from their
simple compounds or by substitution reactions from pre-synthesized complex
compounds. The development of new platinum-based materials is and will be an
ongoing need for various fields of science and technology, and thus for society. It is
difficult to synthesize new molecule and test their various properties in laboratory,
because, it involves huge expenditure and consumes enormous time. Now. chemistry
together with physics and computer science has shifted from, how to make a molecule
to what molecule to make, in other words molecule design. The emergence of
computational chemistry and various software have given a quantitative nature to the
relationship between molecule, its property, its synthesis and thus its various
applications. To achieve the above goal the basic requirement is “to study the atomic
and sub-atomic i.e., electronic structure of platinum halides and their complexes by

evaluating eigenvalues, eigenvector and overlap matrix of molecular orbitals™.

During this course, three objectives arose: (i) to draw the 3D structure of all
the compounds and to optimize their geometry using semiempirical, ab-initio and or
density functional theory based methods (ii) to calculate or evaluate the eigenvector,
overlap matrix and eigenvalues of the compounds and (iii) build up molecular orbital
diagram of compounds that at a glance provides clear cut electronic picture of the
molecule, which more precisely can explain or help to explain the various propertics
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of the molecule. FFor geometry optimization the three dimensional (3D) modcling of

the above mentioned species will be made on CAChe pro software and or Gaussian

software. After that a quantitative atomic orbital (AO) and molecular orbital (MO)

treatment will be made on platinum halides and their complexes to study (i)

ns-and np-orbitals in hybridizations and its type that
) and size (bond length);
Os through LCAO
ure of MOs by

involvement of metal (n-1)d-,

will be used to get information related to shape (bond angle
(ii) contribution of various AOs in the construction of M

proximation using valuesof eigenvector and overlap matrix; (iii) nat

ap
nonbonding and antibonding MO through

distinguishing them in to bonding,
sis; (iv) molecular orbital energy diagram and its construction
and (v) splitting of metal (n-1)d-

population analy using

eigenvalues and overlap-population contribution;

orbitals and its magnitude.



L.DETAIL DESCRIPTION OF PROPOSAL (INTRODUCTION):
Mathematical treatment of various laws of physics and chemistry were
too complex to be solved [1]. But, it is only possible by Walter Kohn, that has
developed the mathematics and John Pople that has made its quantum
mechanical forms.Both the scientists were jointly awarded Noble Prize in
chemistry in 1998. Kohn for simplifying the mathematics in descriptions of
bonding of atoms, which is a pre-requisite for many of today’s calculations,
and Pople for development of the computational quantum chemistry, which is
used and will be used in various ficlds of science[2-4]. Day-to-day
developments in theoretical and computational works makeit possible to have a
deeper insight in the sub-atomic nature of atoms, ions and molecules [5-7]. In
this research work,atomic and molecular orbitals based analysis will be made to
see electronic structure of platinum halides and their selective complexes of
diverse use.Platinum forms compounds in 0,+2, +3, +4, +5 and +6 oxidation
states. Main oxidation states of platinum are 0, +2 and +4, while +5 and +6 are
shown by fluorides or fluoro complexes, and +3 usually in binuclear
compounds with M—M bonds [8, 9].The ability of platinum to exist in many
oxidation states is an important property of this element, which plays an
important role in its applications. Platinum readily form coordinate complexes

and these complexes have their applications in diverse fields [10-37].
2. SCIENTIFIC UTILITY OF THE WORK (AIM OF THE WORK):

Day-to-day expanding in the chemistry of platinum and its complexes is
due to their applications directly or indirectly pre-requisite for many of today’s
problemsrelated to anticancer drugs [10-18], photochemistry[19-22], biological
system [23-25], materials science [26, 27] and nanoscience[28]. This is due to
its versatile electron-transfer pathways. Survey of literature shows that
platinum and its compounds now usedas sensors and switches[27, 29], as
catalyst[30-33], as antimicrobial agents[25], as biomarkers[24], as

metallopharmaceuticals in treatment of cancer[18].Platinum based complex

iii



compounds have also been used as drugs o activate or help to generate redox
reactions [35-37]. A survey ol literatureshows that designing of new ligands
that can complexed with platinum in different oxidation states can lead to
develop new materials [8-37]. FFor new materials of diverse applications there is
and will be a continuous step-by-step study to discover new ligands and their
new platinum complex. These complex compounds can formed cither from
their simple compounds or by substitution reactions from pre-synthesized
complex compounds. The development of new platinum-based materials is and
will be an ongoing need for various fields of science and technology, and thus
for society. It is difficult to synthesize new molecule and test their various
properties in laboratory, because, it involves huge expenditure and consumes
enormous time. Now, chemistry together with physicsand computer science
has shifted from, how to make a molecule to what molecule to make, in other
words molecule design. The emergence of computational chemistry and
various softwarehave given a quantitative nature to the relationship between

molecule, its property, its synthesis and thus its various applications.

3. OBJECTIVE:

To achieve the above goal the basic requirement is “to study the atomic
and sub-atomic i.e., electronic structure of platinumhalides and their complexes
by evaluating eigenvlalues, eigenvector and overlap matrix of molecular
orbitals”.During this course, three objectives arose: (i) to draw the 3D structure
of all the compounds and to optimize their geometry using semiempirical [38],
ab-initio [39] and or density functional theory based methods [40] (i) to
calculate or evaluate the eigenvector, overlap matrix and eigenvalues of the
compoundsand (iii) build up molecular orbital diagram of compounds that at a
glance provides clear cut electronic picture of the molecule, which more
precisely can explain or help to explain the various properties of the molecule.
For geometry optimization the three dimensional (3D) modeling of the above

mentioned species will be made on CAChe pro software and or Gaussian
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soflware. Afler that a quantitative atomic orbital (AO) and molecular orbital
(MO) treatment will be made on platinum halides and their complexes to study
(i) involvement of metal (n-1)d-, ns-and np-orbitals in hybridizations and its
type that will be used to get information related to shape (bond angle) and size
(bond length); (ii) contribution of various AOs in the construction of MOs
through LCAO approximation using valuesof eigenvector and overlap matrix;
(iii) nature of MOs by distinguishing them in to bonding, nonbonding and
antibonding MO through population analysis; (iv) molecular orbital energy
diagram and its construction using eigenvalues and overlap-population

contribution; and (v) splitting of metal (n-1)d-orbitals and its magnitude.

4. METHODOLOGY:

A survey of literatures show that the nature and formation of chemical
bond in molecules have been explained quantum mechanically by various
theories. Among them much attention has been given to valence bond (V.B.)
theory and molecular orbital (M.O.) theory. V. B. theory, as introduced by
Heitler and London (1927) [41] and modified by Pauling and Slater (1931) [42,
43], is based on atomic orbitals (AQOs); electronic configuration of elements;
overlap of AOs; the hybridization of AOs and its wave function and
superposition. While, M.O. theory, as developed by F. Hund and R. S.
Mulliken (1932) based on concept of MOs in molecule [44, 45]. MOs in
molecule are formed by AOs of atoms that constitute the molecule. The wave
natures of these AOs are represented by their wave functions. Which when
linearly combined by adopting LCAOs (linear combination of atomic orbitals)
methods form MOs. In mathematical point of view this can take place by
addition and subtraction of wave functions (AOs). (Wave mechanics expressed
AOs as wave functions which is the amplitude of electron waves) of individual
AO. The combing AOs having equal (Ae = 0) or nearly equal energy (Ae = 0)
must be in same phase during overlaping. The solution of Schrddinger’s wave

equation gives wave function for the electron wave. However, since it cannot
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be solved for any system containing more than one clectron, MOs which are
more than one clectron wave functions for molecules are difficult to obtain
directly from Schrodinger’s wave equation. To overcome this problem, an
approximation method known as L.CAOs has been adopted. Mulliken and fund
developed MO theory to understand the role of quantum mechanics in the study
of molecules and its spectra qualitatively. Hartree, Fock and Slater developed
and put forward the mathematics of this qualitative form and their solutions,
too [46-48]. Mulliken and Hund have proposed MO theory. But, its practical
form was developed by Roothaan and Hall to solve the Hartree-Fock equations
for polyatomic molecule by expending the MOs in term of atomic-like
functions [49, 50].

V.B. Theory and M.O. theory on their refinements they give same wave
function for the molecule but they differ in their approximations only.
Roothaan made a rigorous mathematical framework for the MO method. He
concerned only with the electronic part of the molecular wave functions. The
main aim of his work was to find approximate electronic wave functions for a
molecule by assigning to each electron wave function that has their effect on
the whole molecular system.

Roothaan gave each electron a wave function depending on the space
coordinates of that electron only, called molecular orbital (MO):

@/ =" y",2") Eq.1
where x“, y*, z* or simply the superscript 4, stand for the coordinates of the 4
thelectron; the subscript i labels the different MOs. The total N-electron wave
function was then built up by him as a product of such MOs. Further he
proposed that a particular MO ¢ may occur not more than twice in the product
wave function (Pauli principle).

Roothaan gave each electron a wave function which in addition to the

space coordinates also contains the spin coordinates of that electron, and which

Vi



are called as molecular spin orbital (MSO). Since he would neglect magnetic
effects. cach MSO factors into a MO and a spin function:
plo= g (M)

TR G L UN G

Wl =W q.2
where the superscript , again stand for the (in this case spacc and spin)
coordinates of the 4" electron; the subscript xand / label the different MSOs
and MOs, respectively.

The total N-electron wave function was then built up by Roothaan as an

antisymmetrized product of MSOs (AP).

i, Y
vl Wy’

=Ny lytyll = (ND)T2 e e Eq.3
I//INW2N """ V/NN

Hartree—Fock—Roothaan theory (MOT) make quantitative predictions
and these can also be compared with results that were obtained or can be
obtained from experiments. All details of the equations described above were
made by Roothaan [49]. In order to obtain much new insight into bonding and
antibonding characteristics and the polarities of the MOs of the electron in a
molecule, Mulliken (in 1955) refined Roothaan’s SCF-LCAO-MO method
[51]. Mulliken defined 4 as MOs of polyatomic molecule

¢: = Z cirerk Eq4
rk
N@)=N@)D el + 2N ¢ ¢S, Eq.5
rk 1>k

where 7 is the AOs on atom k, #,is the AOs on atom /, c.is the coefticient of
7., c, is the coefficient of y,, r represent an atomic orbital of atom (k) and s

represent an atomic orbital of atom (/) , and S, represent overlap integral of

vii



overlap between one atomic orbital () on atom (k) and other atomic orbital (s)

on atom (/).

For subscquent application of equation 5 Mulliken obtained following

cquations
N(k)= N(c! +¢,cS,) Eq.6
N()=N(c,eS, +c) Eq.7

The sum of N(k) and N(I) is just N (see Eq. 5). All details of the equations
described above were made by Mulliken [91].

Mulliken analyzed, in his seminal publications (i) described bonding
molecular orbital and non-bonding molecular orbitals using overlap
populations [51], (ii) correlated non-Coulombic bond energies with LCAO
bond orders [52], (iii) described in the MO the % character of overlapping
orbital in term of gross population and (iv) finally he correlated the bonded
interaction of V.B.T. with positive overlap population and non-bonded
repulsion of V.B.T. with negative population analysis.A survey of literature
also indicated that there are several ways to deal with overlap populations, but
Mulliken population analysis (MPA) is widely used. Stout and Politzer [55]
modified Mulliken overlap population by splitting it between two non-

equivalent atoms k and /.c}, /(c}, +c}) for the atom k and c; /(¢ +¢;) for the atom /.

That result in unequal distribution of electrons between & and /. This method is
called a modified Mulliken population analysis (MMPA). Ros and Schuit [56]
proposed " AO to the i"MO isc} /> ¢’ .

(1

Appendix:

Input Control Parameters

EHT option : Normal EHT

Basis Contraction : STO-6G

Parameter K : 1,7500

Request MOS 1 A1l molecular orbitals

calculate dipole moment
Net molecular charge = 0.0000 a.u.

standard parameters are from file: Procedure Editor database: Procedure EMT_Scf.
Calculated Number of valence electrons = 24
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overlap Matrix

AT R AR AR R R

1

"~
w
=
w
(=2}
~
o

1 1.0000
2 -0.0000 1.0000
3 -0.0000 0.0000 1.0000

4 0.0000 0.0000 0.0000 1.0000

S 0.0000 0.0000  -0.0000 0.0000 1.0000
6 -0.0000 -0.0000 -0.0000 0.0000 -0.0000 1.0000
0.0000 -0.0000 -0.0000 -0.0000 0.0000 -0.0000 1.0000

§ 0.0000 -0.0000 -0.0000 -0.0000 0.0000 0.0000 0.0000 1.0000

9 0.0000 -0.0000 -0.0000 -0.0000 0.0000 0.0000 0.0000  -0.0000
10 0.1923 0.2789 0.0139 0.0000 0.0825 -0.0479 0.0082 0.0000
11 -0.3085 -0.3783  -0.0257 0.0000 -0.1183 0.0688 -0.0156 0.0000
12 -0.0153  -0.0257 0.1367 0.0000 -0.0134 0.0034 0.0750 0.0000
13 0.0000 0.0000 0.0000 0.1380 0.0000 0.0000 0.0000 0.0760
14  0.1922 -0.2788 -0.0139 0.0000 0.0825 -0.0479 0.0082 0.0000
15 0.3085 -0.3783  -0.0257 0.0000 0.1182 -0.0688 0.0156 0.0000
16 0.0153  -0.0257 0.1367 0.0000 0.0134 -0.0034 -0.0750 0.0000
17 0.0000 0.0000 0.0000 0.1380 0.0000 0.0000 0.0000 -0.0760

~4

9 10 11 12 13 14 15 16 17
9 1.0000
10 0.0000 1.0000
11 0.0000 -0.0000 1.0000
12 0.0000 0.0000 0.0000 1.0000
13 0.0038 0.0000 0.0000 0.0000 1.0000
14  0.0000 0.0003 -0.0021 -0.0001 0.0000 1.0000
15 0.0000 0.0021 -0.0088 -0.0005 0.0000 0.0000 1.0000
16  0.0000 0.0001  -0.0005 0.0009 0.0000 -0.0000 0.0000 1.0000

17 -0.0038 0.0000 0.0000 0.0000 0.0009 0.0000 0.0000 0.0000 1.0000
Total Energy = -13.9101 au
Eigenvalues
ER R 2 22 2 2 0 5 .51
1 2 3 4 5 6 7 8
_0.9727 -0.9670 -0.5654 -0.5377 -0.5377 -0.5265 -0.5236 -0.5236

9 10 11 12 13 14 15 16 17

-0.4627 -0.4627 -0.4378 -0.4378 -0.4358 -0.1784 -0.1784 0.0366 0.3443

Eigenvectors
EAE N WX ANRRNN
1 2 3 4 5 6 7 8

1 1Pt 6S -0.0704 -0.0000 0.1786 -0.0000 -0.0000 0.0000 -0.0000 -0.0000
2 1Pt 6Px -0.0000 0.0312 -0.0000 0.0000 0.0000 -0.1299 0.0032 0.0000
3 1Pt 6Py ~0.0000 0.0015 -0.0000 -0.0000 -0.0000 -0.0065 -0.0649 -0.0000
4 1Pt 6Pz -0.0000 -0.0000 -0.0000 0.0000 -0.0000 0.0000 -0.0000 0.0650
S 1Pt 5Dx2-y2 ~0.0621 -0.0000 0.2745 0.0402 0.0000 0.0000 -0.0000 -0.0000
6 1Pt 5Dz22 0.0360 0.0000 -0.1593 0.0000 0.0000 -0.0000 0.0000 0.0000
7 1Pt 5Dxy -0.0062 0.0000 0.0274 -0.4030 -0.0001 0.0000 0.0000 0.0000
8 1Pt 5Dxz -0.0000 -0.0000 0.0000 0.0001 -0.4045 -0.0000 0.0000 -0.0000
9 1Pt 5SDyz 0.0000 0.0000 -0.0000 0.0000 -0.0201 -0.0000 0.0000 -0.0000
10 2l 3s -0.6839 0.6981 -0.1032 0.0000 0.0000 0.0385 0.0000 0.0000
11 2 3Px -0.0122 0.0100 -0.5661 0.0306 0.0000 0.6562 0.0346 0.0000
12 2 3Py -0.0006 0.0005 -0.0281 -0.6161 -0.0001 0.0326 -0.6953 -0.0000
13 2c 3rz 0.0000 0.0000 -0.0000 0.0001 -0.6169 0.0000 -0.0000 0.6962
14 3 cl 3s -0.6836 -0.6984 -0.1032 -0.0000 -0.0000 -0.0385 0.0000 0.0000
15 3 cl 3Px 0.0122 0.0100 0.5660 -0.0306 -0.0000 0.6563 0.0346 0.0000
16 3 cl 3pry 0.0006 0.0005 0.0281 0.6157 0.0001 0.0326 -0.6957 -0.0000
17 3l 3pz 0.0000 0.0000 -0.0000 -0.0001 0.6165 0.0000 -0.0000 0.6966

o
-
o
-
-
-
~N
-
w
-
'S
—
w
-
[+7]




1 1Pt 68 0.0000
2 1Pt OPX 0.0000
I 1 pr Opy 0.0000
4 1 P orz 0.0000
5 1 Pt SOx2-ye -0.0000 -0.
6 1 Pt Spz?2 -0.0000 -0.
7 1Pt Soxy -0.0000 -0.
8 1 Pt SDx2 -0.0497
9 1rpt Sbyz 0.9988 -0.
100 2l 3s 0.0000
11 2 3Px 0.0000
12 2c 3py -0.0000 -0.
13 2 Al 3Pz -0.0000
14 3 Cl 3s 0.0000
15 3Ql 3Px 0.0000
16 3cl 3py -0.0000 -0.
17 3l 3Pz -0.0000
b i g
1 1Pt 6S 0.0008
2 1Pt 6Px 1.3371
3 1Pt 6py 0.0665
4 1Pt 6Pz 0.0000
5 1Pt SDx2-y2 0.0003
6 1Pt SDz2 -0.0002
7 1Pt SDxy 0.0000
8 1pt 5Dxz 0.0000
9 1Pt 5Dyz -0.0000
10 2 Cl 3s -0.3916
11 2 Cl 3Px 0.5819
12 2 Cl 3pry 0.0289
13 2 Al 3Pz 0.0000
14 3 Cl 3s 0.3910
15 3 Cl 3Px 0.5811
16 3 ¢l 3Py 0.0289
17 3 Cl 3Pz -0.0000

wyberg Bond Index and Mulliken Atomic Population Array

*ﬁﬂﬂ“(*‘l‘t*ﬁi‘r»‘('l‘:*)‘e\\'*)\'ﬁi\‘*\‘tﬁ'*fr‘“(l‘!

1 8.7898
2 0.8536 7.6050
3 0.8534 0.0174

Net Atomic Charges (au)
ﬁfff(flftﬂﬂ\‘rﬂftﬂfl*ﬁﬁﬁﬁ\"\?ﬁﬁk\‘t

Pt 1.2102
2 cl -0,6050
3 cl -0,6051

Dipole Moment 0,001859 D

7.6051

ebye

*}'(ﬁ'*f(*‘k****\’fl\ﬂ'**\\*ffﬁi\'*l‘ﬁﬁ\\"k*

0.0000

0.050%

1,0163

0.0000
-0.0000
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.0000
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.0000
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, 0000
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.0000
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L0007
L0000
, 0000
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5. TECHNICAL PROGRAMME AND YEAR WISE PLAN OF WORK:

[ Step-3

Step-2

Zrrms ——>

Step-1

YEAR i

Figure 1. Year wise plan of work

Step-1. Electronic structure related study will be carried out for Platinum and
their halides.

Step-2. Study of Platinum complexes of diverse application based on
spectroscopic and thermodynamic properties will be carried out

Step-3. In the third years, once the nature and type of interaction are
understood then it will be applied to other interesting molecules, where the type

of interaction is still not well understood.
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» SHORT SUMMARY OF THE RESEARCIL WORK DONJG:
In the final report of above project five type of research works have been
performed:
1. Firstly, we have studied super halogen PtFen and its interaction with scrotonin

molecule. This work is collaborated with Pandey’s Rescarch Group (PGR). This
was due to lack of some laboratory facilities. Where the works were performed
on gauss view 6.0 program package in the Molecular Modelling Laboratory of
the K.S. Saket P.G. College, Ayodhya. The works were performed by opting
DFT/B3LYP method with 6-311G(dp) basis set without symmetry constrain. The
properties that have been calculated are HOMO, LUMO, MSSP. UV-Vis, ctc.
Further HOMO and LUMO have been used to calculate other electronic
properties (ESR) based on them. Topological data (bond length, A) as calculated
were correlated with X-ray crystal data available in literature. Further, molecular
electronic surface plot (MESP) used to describe physiochemical properties
qualitatively in term of colour coding that is red signify (-)ve ESP, blue signify
most (+)ve ESP and green showed zero (0) ESP. The optical transition in SER
was based on TDDFT by opting same level of geometry. The work on UV-Vis
spectra showed most intense peak at 147nm (UV region) and f = 0.8805 in
between two electronic transitions So— S3. Two other back to back absorption
peaks appear at 139nm and 133nm with transition scale So— S, So— Ss. All
possible orientations with SER of super-halogen PtFe have also been studied. All
these possible orientations were obtained by opting minimum energy Structures.
The most stable conformer of PtF6@SER is optimized by using combination
DFT/B3LYP method and SDD basis set Pt and 6-31G(d,p) for rest atom. The
optimized geometry of PtFs@SER having no negative frequencies along with
corresponding bond length (Pt—F) lies in between 1.902A-2.326A, however in
free PtF, the bond length in betweenPt—F falls some shorter bond length range
1 901A-1.952A. The change in bond length is due to attraction of charge from
SER molecule by super-halogen species PtF. To gain stabilitysome bond length
which are directly involve in interaction with SER molecule are elongated and
other bonds are contracted 1.398A-1.4443A. The bond length in between C— C
of R1 nearly unchanged however groups attached with ring R1 are involving
interaction with super-halogen are significantly changed. The other bond length
of SER remains nearly unchanged however change appears in bond length in

SER molecules due to change of computational method only. The interaction
xviii



9

showed increase in chemical softness (S) and simultancously decrease in
chemical hardness (). The nonlincar optical parameters werce increased after
interaction of Pty with SER due to increase in the moment of n-clectron, This
clearly indicates with interaction of any super-halogen specics increase moment
of m-clectron in SER play significant role to design new non-lincar optical

materials.

Secondly, we have studied non-existence of platinum difluride. As we know that
platinum on reaction with halogen forms three halides viz., platinum(Il) chloride,
platinum(Il) bromide and platinum(Il) iodide, except platinum(II) fluoride. In
this work the not existence of PtF, has been studied theoretically. For this
thermodynamic, valence bond theory and molecular orbital theory based study
have also been performed on this molecule. In order to obtain minimum enecrgy
structure we optimized the geometry of this halide by opting AMI1 for
thermodynamic work and EHT for population analysis. All the calculations were
performed on CAChe software. The thermodynamic study supported the
presumption of disproportion reaction: 2PtF; —Pt + PtFs. To check the validity
of this disproportionation concept thermodynamics works have also been
performed. The enthalpy (H°), entropy (S) and free energy (G) of platinum metal
are zero, zero and 1.3432 (kcal/mol), respectively. And that of PtF, are 30.176
(kcal/mol), 62.008 (cal/mol) and 11.692 (kcal/mol), respectively. And of PtF, are
4140.219 (kcal/mol), 4139.767 (cal/mol) and +57.193 (kcal/mol), respectively.
The change in enthalpy (AH), entropy (AS) and free energy (AG) are (kcal/mol)

for the reaction is given below:

AHgeaction = E(Hproguct ) = | ASReactiom = Z(Sproduct ) = AGreactiom = (Gproduct ) —
T (HRreactant) Z(SReactant) Z(Greactant)
=4140.219 - =4139.767 - =-55.850 -
60.352 124.016 23,384
=4089.867 =4015.751 =-78.234

V.B.T showed sd-hybridization rather than sp-hybridization. This was supported
by our data as evaluated theoretically by adopting Landis concept, which showed

negligible contribution of Ss-orbital of platinum.
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Figure 1. Extent of involvement of metal orbital in the formation of MOs of PtF

Table 1. Energy gap between overlapping orbitals of Pt and halogen

platinum halides

(F, CL. Br. ) in

Zt:s — 1007 Asgap=0202 Agsas= 1136 Bes2p=0332 Bep2s= 1269 Agp-2p = 0.464
Zf‘;f 0504 Asgap=0.059 Ags3s=0.633 Aes3p=0.188 Dep3s=0765  Depzp™ 0.321
Z(?:= 0348 Asgup=0.019  Agsuas= 0477  Besip= 0148 Depas=0.610 Aopip™ 0.280
’tl,

lAtt“ 20199 Asgp=0.016  Agss=0328  Bessp=0.113 Aepss= 0460 Aopsp = 0.246

Mulliken’s popula

due to dis-similarility of erergie

tion based studies have pointed that the overlap is very poor

s of combining orbitals of Pt and F atom. In

Table 1 given above the energy gap between overlapping orbitals of Pt and
halogen (F, Cl, Br, I) atoms in platinum halides was tabulated that also proved
the unstability of PtF, molecule. As orbital of the metat, Pt and halohen, F of this
molecule has maximum instability i.e., having different energy. The possible
overlaps between the various AOs of ruthenium (Pt-1) and halogens (F-2 and F-
2) in each MO will be 88, as describes. The ¢ is very much low that is 0.2, This
also proved that PtF, failed to match the criteria of overlapping and thus MOT
(00, Using eigenvalues and population analysis MO diagram has also been
drawn, which clearly supported non-existance of Pty in nature but its existence

insitu and thus also supported presumption of disproportionation reaction.

XX
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Thirdly. we have modelled prnlmmlul P, (ne 1-6), a new series of superacids
of platinun. Various applications of superhalogens arc in chemical and health
industrics as air purifying agents, clectrolytic salts for lithium-ion batterics, and
officient materials for hydrogen storage. (n the last three decades, rescarchers
have paid close attention 1o the discovery of new classes of superhalogens in
order to design new superacids.The initial geometry of protonated Ptén (n=1-6)
and corresponding anions of superhalogens arc formed by using GaussVeiw 6.0.
The modeled geometries are optimized by using a selfconsistent ficld with a
linear combination of atomic orbitalmolecular molecular by using the Gaussian
16W software package. All calculations are performed using DFT with the
B3LYP method. In the present work, we have employed the SDD basis set for Pt
and 6-31++G (d, p) for F and H atoms. All geometries are optimized along with
normal mode frequencies. The geometries corresponding to minima on potential

energy surface (PES) are employed for further calculations.

(Neutral) k7

@ » 29" 9 v

(a) b (c)
»
196 k7 b7
| i 199 23 {12%
9@ @~ N
o I
) 9 I 9
(d) (e) n

Figure 1. Equilibrium geometries of PiF, (n = 1-6) neutral The central
blue sphere represents (P1) atoms, and penpheral light-blue spneres rep-
resent (F) atoms with bond lengths {in A).
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Figure 2. Equilibnum geometries of PtF,, (n= 1-6) anan The central blue
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The calculated vertical de-attachment energy (VDE) of PtFn (n = 1-6)
reestablishes  the superhalogenic behavior. The vibrational frequency.
dissociation energy through the HF channel, and optimized geometries are
utilized to discuss the stability of HPtFn (n = 1-6). The deprotonation energy of
HPtF7 is used to calculate the acidic strength of HPtFn (n = 1-6). The acidity of
protonated PtFn (n = 1-6) is directly related to its counterpart superhalogen
anions. The computed correlation factor (R2 = 0.9754) shows that VDE is
directly associated with acidity. The mechanism of acidity of HPtFn (n = 1-6) is
described by using natural bond orbital analysis charges on atoms. The electronic
properties of HPtFn (n = 1-6) are calculated using the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)
energy. The nature of chemical reactivity is also determined by the HOMO-
LUMO plot of HPtFn (n = 1-6). It has formed the supersalts using superacids
HPtFn (n = 1-6) and superbase (OLi30OH), and the nature of supersalts is
compared with traditional salt LiF. The most stable conformers of supersalts
PtFnOLi3 (n = 2-6) are analyzed for optoelectronic properties. It has computed
the dissociation of supersalts through neutral and anions through superhalogns
and superalkalis. The computed results show that PtF4OLi3 favors dissociation
through anions as in traditional salts. The nonlinear optical parameters are
calculated using dipole moment, mean polarizability, anisotropic polarizability,
molar reflectivity (MR), order parameters, and hyperpolarizability of PtEnOLA3
(n = 2-4). The estimated nonlinear optical properties parameters are compared

with corresponding parameters of traditional salt LiF by the same level theory.
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Fourthly, atomie and moleeular orbitals-bused analysis has been made to sce
lecttonte strueture of platinum: halides, Since their summation values are
sipniticantly lower than those of (he s orbital and much lower than those of the d

arbital, the involvement of the 3 p atomic orbitals is negligible.
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It is apparent from figure (given above) that the ns & (n-1)d orbitals perform an

essential function in the Pt—X bond, with the 5p orbital contributing a negligible

role.
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Above figure reflected that bond angle has two minima one below 90° and one
above 90°. Since bond angle and contributions of s-orbital & d-orbital of Pt(1l) are
maximum with a negligible contribution of p-orbitals, study strongly supports
Landis concepts of sd"-hybridation(here,n=1). These halides follow nephelauxetic
effect and experimental data also support cloud-expanding effect. It is also cvident
from result obtained that summation values are lowest for chloride (fluoride) &
highest for iodide. This is attributable to cloud expansion of halides.
Consequently, iodide induces a more significant cloud expansion effect than
bromide, which in fact exceeds chloride in platinum diiodide, platinum dibromide,
& platinum dichloride (platinum difluoride), correspondingly. Effective positive

charge on Pi(I1) is diminished more significantly by iodide than by chloride (or

xxlii



Muoride). The result aligns well with the nephelauxetic series of ligands. This
offeet could be further associated with differences in energy levels amongst ns &
np orbitals. These two orbitals exhibit a substantial difference in energy. Jodide
has a stronger nephelauxetic effect & a higher covalent bond character since i1ts 8
& p orbitals are substantially closer. The result is consistent with the results of the
study, which indicate that covalent character increases in the following order: Ptl;
> PtBr, > PtCly > PtF,. This will assist in addressing challenges of synthesizing
various complexes that have yet to be synthesized, as well as refining the existing

complexes for diverse applications.

5. Fifthly, atomic orbitaland molecular orbital analysis along with spectroscopic
studies have been made to see electronic  structure of cisplatin  (cis-
[Pt(NH3),Cly]). It was Rosenberg, who accidently finds out the biological activity
of cisplatin, ie.cis-[Pt(NH;)2Cl2] in 1965. Actually it was synthesized by Peyrone
in 1844. The anti-tumor activity of square planar complexes (cis-[Pt(NH3)2Cl2]
and [Pt(en)Cl,]) and octahedral complexes (cis-[Pt(NH;3),Cls] and [Pt(en)Cls])
against sarcoma-180 (in mice) and against murine leukemia (L-1210) cells were
also discovered by Rosenberg. Harder and Rosenberg reported selective
inhibition of DNA synthesis in vitro by cis-[Pt(NH;3)2Cl] below S5uM. Cisplatin
was launched in 1978 as anticancer drug but it is still used for treatment of
testicular, ovarian, bladder and neck cancers in humans. Prediction of atomic.
molecular, electronic structure along with spectroscopic characteristic of metal
complexes have always been challenging for computational chemists. CAChe
Pro software of Fujitsu and Gaussian-03 software have been used to obtain
minimum energy structure. For this cisplatin has opted with EHT (for population
analysis) and DFT (for spectroscopic analysis).

Following points have been reflected from the study: (i) AOs analysis
shows sd*-hybridization and thus supported Landis concept of sd"-hybridization,
where n = 3. The result showed involvement of three p orbitals are negligible as
their summation values are very low in comparison to d orbital and considerably
low with respect to s orbital. (i) In total thirty onc AOs are involved in the
formation of thirty one MOs of cisplatin. As, there is only 28¢™ to be filled,

hence, we considered only fourteen MOs (¢1-¢14) and rest vacant MOs (bys-d31)

xXXiv



have been exempted. Among fourtcen MOs, twelve are bonding, one is
antibonding (¢2) and one is non-bonding (¢e). (iii) Cisplatin showed one
absorption band at 3.9845¢V with peak corresponded to 311.16nm of low
oscillator strength (0.0014).(iv) Cisplatin molecule showed 27 normal vibrations,

which distributed in 9A; + 5A; + 8B + 5B2.

XXV



> PAPER PUBLICATIONS:

1.

The first paper entitled, “The docking study of 3-(2-aminocthyl)-1 Hindol-5-
ol and effect of nonlinear optoclectronic propertics after its interaction
with super-halogen PtF,” has been published in REVELATION, A Peer
Reviewed & Refereed Annual Journal of Popular Science Vol.7, No.1 (2022).
ISSN: 2456-7698 RNI: UPBIL 04909. (Annexurc-A).

The second paper entitled, “Platinum difluoride: A Theoretical and
Computational Based Study” has been published in Advances in Biological
Chemistry (Scientific Research Publishing Inc.: A peer reviewed scopus
journal). Vol.13 (2023). (Annexure-B).

The third paper entitled, “Superacidic Properties of Protonated PtF, (n =1-
6) and Their Ability to Form Supersalts: DFT Study” has been published
in Macromolecular Symposia (Wiley-VCH Gmbh: A peer reviewed scopus
journal), Vol.413 (2024). (Annexure-C).

The fourth paper entitled, “QM/MM Based Study of Electronic Structure of
Platinum Dihalides” has been published in Open Journal of Applied Sciences
(Scientific Research Publishing Inc.: A peer reviewed scopus journal), Vol.15
(2025). (Annexure-D).

The fifth paper entitled, “Cisplatin at atomic, molecular and clectronic
level: A DFT based study” has been a-eee-p%ed&nﬁ-ﬁ-ﬁ'l‘e% in Open Journal of
Applied Sciences (Scientific Research Publishing Inc.: A peer reviewed

. vol-15s)
scopuSJoumal)A(ZOZS). (Annexure-E).

XXVi



Annexure-A



ANNBXURE—-A

Sti JNPG Colloge, REVELATION
A Peer Reviewed & Roforcod Annual Journal of Popular Scloncoe
Vol. 7, No. 1 (2022), ISSN : 2456-7698 RNI: UPBIL 04909

The docking study of 3-(2-aminoethyl)-1Hindol-5-ol and effect
of nonlinear optoelectronic properties after it's interaction

with super-halogen PtF,.
Abhishek Singh® Anil Kumar Soni®, Akhilesh Singh®, Satyendra Nath Tiwari’,

0.P.Yadav®, Hemlal Sahu®, Apurva Pandey' ,Anoop Kumar Pandey®, Ashutosh Singh®
‘Department of Chemistry U P College Varanasi
*Department of Chemistry Shia P G College Lucknow
‘Department of Chemistry K. S. Saket P G College Ayodhya
‘Department of Physics K S Saket P G College Ayodhya
*Govt.J Yognandam Chhattisgarh College Raipur,Chhattisgarh
‘Department of chemistry B B A University Lucknow

Abstract

In present communication geometry optimization of 3-(2-aminoethyl)-
1Hindol-5-0l(SER) has been done by using combination of DFT/B3LYP method and
Publication Info 6-311G(dp) basis set without any symmetry constrain. The electronic properties of
: SER are calculated by using HOMO,LUMO,MESP plot. The UV spectra of SER
Bieesivel 0] 202 calculated by using Time dependent density funtional theory (TDDFT) by suing
Revised & Accepled :24/01/2023 | same |evel theory. The electrophonic index Log S and Log P are used to discuss
transport properties through cell membrane of SER molecule. The biological activity
Keywords: of SER is calculated by using PASS online server. The calculated docking
SER, HOMO LUMO, TDDFT, NLO | parameters of SER molecule to 4ib4 protein show that nitrogen in -NH2 group bind
well targeted protein. The interaction of superhalogen PtF6 calculated by placing
PiF6 at top of ring R1 and stability of optimized geometry calculated by using
thermodynamical parameters of reaction. The calculated electronic reactivity
parameters and non linear optical parameters of SER molecule with SER@PtF6 are
compared. The NLO parameters enhance due to increase moment of 7 electron
after interaction PtF6 with SER molecule provides new path way to design new

liquid crystal materials.
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monoamine oxidase to produce 5-hydroxyindoleacetic
acid by using Serotonin. while such, monoamine
oxidase inhibitors and other complexes that add to
serotonin absorption have been worn to delight misery
[4]. In a neurotransmitter like humans life's on earth all
bilateral etc. Serotonin plays important role [5]. In
emissions of seed this is important to originate in plants,
particularly in seeds; anywhere serotonin inspires the
digestive zone of animals [6]. In fungi numerous study on
Serotonin is connected tryptamines[7-8]. One of
important monoamine (5-hydroxytryptamine, 5-HT) is
neurotransmitter, substitute as a chemical envoy that
transmits nerve signals among nerve cells and that root

Introduction

In human body molecule Serotonin,(SER) with
chemical formula C10H12N20, systematic name 3-(2-
aminoethyl)-1Hindol-5-0l, is responsible for the primary
neurotransmitter adaptable humor, anxiety and
happiness [1]. The role of Serotonin in the central
nervous system, is very important and originate during
the human body and forces a extensive display of
physical functions. Approximately 95% of body's
serotonin is really originated in the gastrointestinal
region, somewhere it controls intestinal association [2].
By using biosynthesis process from the necessary
amino acid tryptophan [3] and kaput behind by
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blood container to thin. Serotonin has been concerned a
lot of vital nervous system-mediated functions included
sleep, feeding etc [8-10]. In academia and the
pharmaceutical industry title molecule shows important
application in delighting equivalent diseases, due to
long-standing target shows greater interest to
researcher [11-14].The Yue Yang et.al. reported crystal
structure of serotonin[15]. The geometrical parameters
and IR vibrational frequencies of serotonin are
calculated and reported by using various quantum
chemical methods [16]. In present communication
geometry opto electronic and docking study of title
molecule is calculated by combination of DFT/B3LYP
method and 6-311G(d,p) basis set. The biochemical
activity of SER molecule has been reported in this
communication. The docking of SER molecule with
suitable protein has been performed by using AUTO
dock software. The development of polarity and
enhancement of optoeectronic properties of title
molecule after interaction of superhalogen species PtF6
having EA 8.64eV[17] are also discussed in this
communication. The present study explores
optoelectronics and pharmaceutical properties of title
molecule.

Computational method

The entire calculations have been carried out by
using G16 program package([18] on personallaptop. The
initial geometry of title molecule is design by using gauss
view 6.0 program package [19]. The geometry of title
molecule is optimized by using combination of
B3LYP/DFT method[20-21] and 6-311G (d, p) basis set
[22-23]without any symmetry constrains. To study
interaction of superhalogen PtF6 with title molecule at
various possible orientation full geometry optimization
have been done by using DFT method and SDD basis
set. The most stable geometry is further optimized by
using DFT/B3LYP method. To gain better accuracy in
method SDD basis set employed for Pt however 6-311G
(d,p) basis set for rest atoms. The HOMO LUMO MESP
plot of title molecule is drawn by using Gassview 6.0. The
calculated electron affinities (EA) of PtF6 by using this
method are well matched with previous reported [17].

Resultand discussion

The geometry of title molecule is optimized by
using combination of DFT/B3LYP method and 6-31 1G
(d, p) basis set. The optimized geometry of title molecule
along with corresponding bond length (A0) is shown in
fig-1. The calculated bond length are well matched with
previous reported bond length by using various method
[15] and also reported by X-ray crystal data method. The
reported crystal structure of title molecule is
Orthorhombic, type P212121 with a= 8.2248A0,
b=8.7542A0,c= 13.0712A0. The calculated bond length
in between C-C lies in between 1.399-1.422 for ring R1
however C-C bond length of ring R2 lies in between
1.362 AD-1.422 A0 are well matched with corresponding
observed bond length[15]. The N-H bond of NH2 are lies
with in range 1.019 A0-1.020 A0 are well matched with
corresponding observed bond length 0.90 AO. The bond
length of O-H adjacent of ring R1 are 0.90A0 are also
well matched with observed bond length 0.86 A0.The
other calculated optimized bond length are well matched

_with computed [16] and observed bond length [15].

Figure-1 Optimized geometry of SER(upper) with
bond length(lower)
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Electronic properties of SER

Two frontiers molecular orbitals are highesl
occupied molecular orbitals (HOMO) and lowes!
unoccupied molecular orbital's (LUMO) plays significant
role to describe nature reactivity. The energy gap In
between HOMO and LUMO orbitals are known and band
gap. The band gap is inversely proportional to chemical
reactivity and directly related with chemical stability, The
lower band gap means more polarity appears on atoms
and hence more chemical reactive less kinetio
stability[24). The HOMO LUMO plot of SER are shown in
fig-2 . The both HOMO LUMO molecular orbital's are P-
type molecular and HOMO is distributed over whole
molecule except NH2 group presented on pentene ring
however LUMO is distributed over whole molecule, The
charge transfer from HOMO — LUMO means charge
transfer from whole molecule to NH2 group to stabilize
molecule.
Molecular electrostatic surface plot (MESP)

of SER

The physiochemical property with chemical
system is described by using MESP plot [25-26).The
nature of electropotential surface is described by using
color coding e.g., red-signify negative electrostatic
potential; blue signifies the most positive electrostatic
potential and green colour shows zero potential, The
intensity of electrostatic potential are computed as
blue>green>yellow>orange>red. The MESP plot of SER
is also shown in fig-2. The oxygen of hydroxyl group
encircled by red color so oxygen of ~OH group behaves
as electronegative charge center however nitrogen of
—NH2 group encircles by blue color so behaves as most
electropositive charge center.

HOMO

Flg=2 HOMO LUMEO MESH (Balid, rammpatsit] gt ol
HEH malaanla

TORET calaulatian af BEH el i gl
tranaltion in SEA malacnla as baan caliadatai by dalig
TORFT on optimiad gaameatry Wy walng saime iyl
theary, In prasant aludy wo have caleilaled franaiin
state up to tweanly statas, The calaulatad LV sgedia
is shown In Hg=a The camputad Framsiian aatis
transition anergy (aV) tranaiian arhilala Cailialiry
strength, wave length () max) ol Tl ielaee | hie
most intenae ahsorplion pagk appaara ab T4/ falla in
ultravitat reglan, Thia (ranaitian peaks
appears(l=0,8808) in halwean (wo alacian farsiin
from S0 83 hawevar earraapanding tranailian gkl
with % contribution H=8 LUMO1d%) =1 EHMETA )
HOMO L+1 (49%) having tranallian anargy HA#06Y
The ather twa back 1o hack absarplinn paak appadrs df
139nm, 133nm - with transilion alalaa 80 &4, B B
however corraspanding transition orhitala with "
contribution H+1 L 1 (64%), HOMO LUMO (10%) @1t
Het L1 (74%), HOMO LUMO (B%) raapaciivaly, [1ie
other significant ahsarption peaks with contibuling
orbital'a are listed n tabla- |

FONRQ [ e ey = ] 4
annon HH
H1{
20000
HH ¢
40000 aa B
- v
20000 HA K
20000 H3
1K)
10000 £
AL M
[\ AW,
0  SE——— b 4 o 4 1 - SO . v
T80 ia e TAA Vi T

Wavsisngih (nm)

Flg-3 UV-Via plot af §ER by using TODET mathod



16 REVELATION

[Vol Vi)

Table-1 Calculated Transition sates transition energy (eV) transition orbital's
Oscillatory strength(f) Calculated) max) of Title molecule

Excited State E (eV) Oscillatory Strength (f) Calculated (Amax) Transition Orbital's
§,—8§ 6.522 0.1268 190 H-1—+LUMO (18%), H-1-sL+1 (16%), H L (68%)
S,—+S, 6.778 0.1138 183 H-1=LUMO (18%), HOMO—LUMO (14%), HOMO—L+1 (22%)
S.—S, 8.420 0.8805 147 H-2—LUMO (13%), H-1—LUMO (14%), HOMO—+L+1 (49%)
S.—S, 8.944 0.4576 139 H-1—L+1 (64%), HOMO—LUMO (10%)
S,—S, 9.303 0.4139 133 H-1—L+1 (74%), HOMO—LUMO (8%)
S,—S, 10.595 0.1916 17 H-2—LUMO (25%), HOMO—L+2 (56%)
S,—S,, 11.361 0.1337 109 H-4—LUMO (20%), H-2—L+1 (39%), H-1—+L+2 (18%)

Biological activity and Docking of SER molecule
with suitable protein: The ALOGPS 2.1 program based
on electron topological indices is introduced by Tetko et
al [27-29] which is very useful to calculated Log P and
Log S parameters. Firstly we have calculated value of
LogP and LogS by using ALOGPS 2.1 program. The
calculated value of LogP (4.12) implies that SER could
easily transport through cell membranes so SER is very
important for pharmacological industries. The value Log
S(-2.87) computed by ALOGPS 2.1 program falls in
medium range of membrane permeability because for
more than 85% of drug value of LogS falls in between -1
to -6. More than 900 pharmacological effects are
calculated by PASS online program. The mutagenicity,
carcinogenicity, teratogenicity, and embryotoxicity are
example of biological activity calculated by PASS online
server. The calculated biological activity for Pa>60% are
listed in Table-3. The calculated results of PASS online
server based on analysis of structure activity
relationships (SAR) analysis. The calculated biological
activity by PASS online servers of sample of 46000
drugs whose biological activities are experimentally
verified are nearly 85% matched with corresponding
experimentally activity of drugs [30]

The SER molecule shows anticancer (0.813),
Catalase stimulant(0.798) Phobic disorders
treatment(0.811), 5-Hydroxytryptamine release
stimulant(0.658), Antimitotic(0.623), Imidazoline
receptor agonist(0.622), Apoptosis agonist(0.638)
activities. The antineoplastic drug or anticancer drug, is

successful in the handling of mean, or cancerous,
disease or to stop abnormal growth of body cells. The
extreme individual experiences crazy fear concerning a
condition, alive being, palce is known as phobia which is
type of anxiety disorder, or object. The 5-
hydroxytryptamine (5-HT)is an stirring moderator
recognized to be released in lung. Capsaicin-sensitive
lung vagal (CSLV) afferents function as a main sensor
for noticing chemical stimuli and construct following
impulses during lung swelling.

The Swiss dock online server which predict
targeted protein for docking. The simili code of optimized
geometry SER uploaded on server provides number of
protein for docking. The Swiss dock predicts  4ib4
protein for docking. The Pdb file of crystal structure of
4ib4 protein has een downloaded from protein data
bank. The 4ib4 protein or chimeric protein of 5-HT2B-
BRIL in complex with ergotamine. The 4ib4 protein is
responsible for cholesterol homeostasis motivate
together a numeral of unusual genetic disorders and
give to common irregular and complex disorders
counting heart disease, stroke, second type diabetes, as
well as Alzheimer's disease. The docking of title
molecule is performed by Autodock 4.2 tools by using
energy-minimized molecules for dock. The
macromolecules are created by combining polar
hydrogens, Kollman charges. In present calculation a
grid box having dimensions of 60x60x60 was positioned
about the area of concern. The Lamarckian Genetic
Algorithm was employed to choose best ten conformers
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for stability on basis of least binding energy. In docking
operation we have selected Cygwin terminal. The SERis
binds guanine in the DNA because SER is alkylating
compound which interact with minor groove, and utilized
in anticancer drug. The docking picture of Auto Dock
obtained by using Chimera10.1 shown in fig-4(a) and
(b). In interaction two hydrogen bonding appears in
between targeted protein and SER molecule. The Serine
amino acids facilitates in advancing muscle increase
and in the production of immune system however
Methionine(MET) is utilizes in management of kidney
stones, preserving well skin as well as controlling attack
of pathogenic bacteria. The amino acids methionine
(met), Sulphur-containing nature and serine (ser)
Hydroxylic are grouped based on characteristics of the
side chains. The met amino acids having hydrophobic
chain reaction however ser having polar neutral chain so
they interact with hydrpphilic and polar site of SER
molecule. The serine(ser) amino acids connected with
neutral polar atom of H in =NH2 group . The nitrogen
pulls electron from hydrogen and create more polarity so
hydrogen of =NH2 the nitrogen methionine (met) with
bond length 2.305A0. According to MESP plot
discussion nitrogen of —NH2 group shows most
electropositive charge center means hydrophilic charge
center so nitrogen of SER molecule bind with
hydrophobic chain center Met with bond length 2.752A0.
The ser amino acids with SER molecule bind strongly as
compared binding with met amino acids. The full fitness
score — 1172.82 and binding affinity -6.8 kJ/mol shows
that targeted protein bind well with targeted protein.
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Fig- 4 (a) Hydrogen Bonding of SER with targeted protein 4ib4

Fig- 4(b) Docking picture of targeted protein with SER (Ribbon type)

Nsc;. Activity Pa Pi
1 Catalase Stimulant 0,798 0,001
2 Phobic disorders treatment 0,811 0,029
3 5 Hydroxy;:iyrgtja:;nr:?e release 0,658 0,031
4 Antimitotic 0,623 0,005
5 Imidazoline receptro agonist 0,622 0,005
6 Apoptosis agonist 0,638 0,022
7 MAP kinase stimulant 0,624 0,013

Table-2 Calculated Biological activity by using PASS online server
for Pa>60%

Geometry and thermodynamical stability of
PtF6@ SER molecule

Gibbs Free | Electronic Enthal Entropy

Parameters energy energy ntha'py (Kcal/mol-
(au) (au) (au) K)

Reaction 0.32501 0.40214 0.42154 -30.4180

Table-3 Calculated thermodynamical parameters of reaction
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Figure-5 Optimized geometry of PtF6@SER (Upper)and corresponding bond length(lower)

In this section we have computed how nonlinear
opto-electronic properties of SER are changed after
interaction of SER with superhalogen PtF.. To study
interaction of SER with superhalogen PtF6 we have
placed PtF, at all possible orientation with SER and after
optimization minimum energy obtained are shown in fig-
5. The most stable conformer of PtF6@SER is further
optimized by using combination DFT/B3LYP method
and SDD basis set for Ptand 6-311G (d, p) for restatom.
The optimized geometry of PtF;@SER having no
negative frequencies along with corresponding bond
length is presented in fig-5(lower). The Pt-F lies in
between 1.902A0-2.326A0 however in free PtF6 the

bond length in between Pt-F falls some shorter bond
length range 1.901A0-1 952A0. The change in bond
length due to attraction of charge from SER molecule by
superhalogen species PtFe. To gain stability some bond
length which are directly involve in interaction with SER
molecule are elongated and other bonds are contracted.
1,398 A0-1.443 AO. The bond length in between C-C of
ring R1 nearly unchanged however groups attached with
ring R1 are involving interaction with superhalogen are
significantly changed. The other bond length of SER
remains nearly unchanged however change appears in
bond length in SER molecule due to change of
computational method only.

The stability of PtF6 @ SER is calculated by using dissociation energy

PtF,@SER -

SER +PtF6

AE=E(PtF,@SER)-E(SER)-E(PtF)
Where E is known as electronic energy
The calculated dissociation energy AEdiss>0 is positive means PtF6 @SER is stable against
dissociation through PtF6. The calculated absorption energy easily indicates adsorption of PtF6 with SER favors
spontaneous reaction on forward direction. The calculated Gibbs free energy, Enthalpy(H),entropy(S) are

calculated and listed in table- at T=300K

Comparison of Non linear optical and electronic properties of SER compound with SER@PtF, The
nonlinear optical parameters are described by several parameters like dipole moment mean polarizibily

hyperpolarizibility molar refreactivity as well as ord

er parameters. he dipole moment mean polarizibility

hyperpolarizibility are calculated in Cartesian coordinate system[31]in three dimension x,y,z are given by

2\ 1/2

b= (1 + By +H2)

(6)

The response of any system under application of applied field is describe by polarizibility as well The response of
any system under application of applied field is describe by polarizibility as well hyperpolarizibity

<> =1/3 [0, +a,+ @,

(7)

B, 1> B By+ B2) "= [(Bxoxxt Bxyy+ Bxz2)'+ (Byyy+ Byxx+Byzz)2+(Bzzz+B2xx+Bzyy)2]"-----(8)

MR= [ZLMB) = | 33anN-

n+2° P

(10)

The MR index for any system is computed [32-34]
(For, : 1 a.u. = 0.1482x10™ esu; for B, 1 a.u. = 8.639x10™ esu)
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The NLO parameters of SER and SER@PTF,
are calculated and listed in table-5 The dipole moment
The dipole moment is signature of distribution charge in
molecule. The interaction of well known superhalogen
species with SER extract electron from SER compound
produce polarity on SER@PTF6 so charge distribution
changed and hence enhancement of dipole moment
after interaction of PtF6 with SER. The calculated molar
refractivity mean polarizibily are lies within range of NLO
active materials however corresponding parameters
enhance after doping PtF6 with SER due to much
change torsional angle. The calculated
hyperpolarizability ( 0) is higher than NLO reference
agent urea (0.1947X10%esu) however corresponding
value increase nearly 2.5 times after interaction PtF6.
The moment of = electron in molecule increase after
interaction of SER with PtF6. . The ionization potential
and electron affinity of any system are calculated by
using negative of Eigen value of HOMO and LUMO [35]

IP= -HOMO and EA= -LUMO -----=-==-=n-=zn-- (13)

The ionization potential decreases due to

interaction of superhalogen PtF6 with SER however
electron affinity increases after interaction of PtF6 with
SER. The electronegativity and chemical hardness of
any system are computed by[36-37]

p=- (IP+EA)/2, (14)

n= (IP-EA)/2, (15)

The absolute electronegativity as well as
chemical hardness are computed by using finite-
difference methods [38-39.].The inverse of hardness is
termed as global softness, S = 1/ 2. The global
electrophilicity indexp = p2/2[40]. The calculated energy
gap decreases after interaction PtF6 with SER however
chemical softness increases and chemical hardness
decreases after interaction PtF6 with SER. One of
important conclusion draw from this interaction study is
that terminal doping of superhalogen PtF, may large
enhance nonlinear optical behaviors of PtF6@SER.
The interaction of superhalogen with any chemical
system provides a path way for researchers to design
new liquid crystalin future.

Table-4 Calculated Nonlinear optical (NLO) electronic parameters of SER and SER@PtF6

IP(eV) EA - x iteV) | ¢teV) S it AN <4,> MR ol Die. M
(eV) . (eV) (eV)”! (eV) max (a.u) (e.s.a.) | (esuxio™) oni.
(eV) (e.5.u.) (D)
SER
s.osslo.o7sl 4.989 l 2.572 | -2.572l 2.494 | 0.2004 l 16.500| 1.031 | 118.625 | S52.215 | 192.369 3.541

SER@PtF6

3.165] 1.957, 1.209 I 2.561 ,-2.561' 0.604| 0.827 | 5.424| 3.095 I 162.570 l 60.151 I 486.327 I 10.582

Conclusion

In present communication geometry
optimization of SER has been done by using
combination of DFT/B3LYP method and 6-311G(d,p)
basis set and optimized geometry well matched with
observed and previously computed result. The
calculated HOMO-LUMO gap shows SER is chemically
less reactive. The MESP plot shows that Nitrogen of -
NH2 group is most electropositive charge center
however oxygen of —OH group shows most
electronegative charge center. The TDDFT calculation
shows that most prominent peak appears in ultraviolet
(UV) region(147 nm) with significant oscillatory strength.

The docking of SER with targeted protein 4ib4
shows that nitrogen of SER connected with MET and Gly
residue of target protein having bond length 2.142A0
and 2.234A0 respectively. The binding affinity -6.8
kd/mol shows that targeted protein bind well with
targeted protein 4ib4 .The interaction of PtF6
superhalogen with SER are studied by placing PtF6 at
front of ring R1 . The geometry of PtF6 slightly distorted
(distorted octahedron) after optimization. The ionization
of SERincreases after interaction PtF6. The dissociation
energy and thermodynamical parameters of reaction
shows interaction PtF6 with SER moves spontaneously
forward direction. The band gap of SER decreases after
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interaction PtF6 however chemical softness increase
and simultaneously chemical hardness decreases. The
nonlinear optical parameters are increase after
interaction of PtF6 with SER due to increase moment of
= electron. This clearly indicate that interaction of any
suerhalogen species increase moment of = electron in

SER play significant role to design new non linear optical
materials.
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Abstract

Platinum on reaction with halogen forms three halides viz., platinum (II)
chloride, platinum (II) bromide and platinum (II) iodide, except platinum
(II) fluoride. In this research work, the not existence of PtF, has been studied
theoretically. For this thermodynamic, valence bond theory and molecular
orbital theory based study have also been performed on this molecule. In or-
der to obtain minimum energy structure we optimized the geometry of this
halide by opting AM1 for thermodynamic work and EHT for population
analysis. All the calculations were performed on CAChe software. The ther-
modynamic study supported the presumption of disproportion reaction:
2PtF, Pt + PtF,. V.B.T showed sd-hybridization rather than sp-hybridization.
This was supported by our data as evaluated theoretically by adopting Landis
concept, which showed negligible contribution of 5s-orbital of platinum,
Mulliken’s population analysis based studies have pointed that the overlap is
very poor due to the dis-similarity of energy of combining orbitals of Pt and F
atom. The Z¢ is very small that is 0.2. This also proved that PtF, failed to
match the criteria of overlapping and thus MOT too. Using eigenvalues and
population analysis MO diagram has also been drawn, which clearly sup-
ported non-existence of PtF, in nature but its existence in situ and thus also
supported the presumption of disproportionation reaction.

Keywords
PtF,, Molccecular Mechanics, Quantum Mechanism, VBT and MOT

1. Introduction

Platinum occurs naturally as the elements, generally with small amounts of the
other platinum metals [1]. The ability of platinum to exist in many oxidation
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states fs an important property of this clement (0, +2, v3, +4, +5 and +6), which

plays an important role in its applications (2] (3]. A number of complexes are

formed by the platinum metal in +2 oxidation statc. pt2* is soft acid so stable com
plexes are formed with S or P as donor atoms but few with O-donors, though there
are important ammines. +4 oxidation state is more stable for platinum fluoride:
“IPLE, 5Pt + PtE”, that is why PtFa is unknown, presumably unstable with respect
to disproportionation: This would occur as a consequence of the stability of low
spin d® platinum (V) state and of the oxidizing power of fluorine. The terms “sta-
ble” and “unstable” are used to refer to the thermodynamic properties of the com-
plex species considered. Low-spin complexes generally undergo rapid one-electron
oxidation or reduction. Due to lower ionization energies (Scheme 1), platinum
forms large number of compounds in higher states.

Platinum readily form coordinate complexes and these complexes have their
applications in diverse fields: sensors and switches, as catalysts, antimicrobial
agents, as biomarkers, as metallopharmaceuticals in treatment of cancer, activate
or help to generate redox reactions in photochemistry (4] [5], in biological sys-
tem [6) (7] [8], materials science (9] (10] [11] and nanoscience [12]. Generally,
the compounds formed by platinum are less liable. A survey of literature shows
that designing of new ligands that can complexes with platinum in different
oxidation states can lead to the develop of new materials [13]. For new materials
of diverse applications, there are and will be a continuous step-by-step study to

discover new ligands and their new platinum complex.

2. Materials and Methods

In this study platinum (1I) fluoride is the study material, which does not exist.
That is why it is selected for study rather than other platinum dihalides. The
adopted methods for various calculations of platinum difluoride are based on
Mulliken’s population analysis (14]. Mulliken defined ¢, (molecular orbital),
n,, (the contributions of electrons in each occupied MO) and ~n,__, (overlap

population that explain bonding, antibonding and nonbonding nature of bond),

as below:
¢1 =chlrk/¥rk (1)
n., = nc, )
nr—s,: = n: (zcncnsm) (3)

here n, is the number of electron in ¢, i =1 - 17, ¢, is the coefficient of
atomic orbitals for Pt-atom, c,, is the coefficient of AOs for other (X-2 or X-3)
and S, is the overlap integral between the two AOs (one of an atom Pt-1

Pt IE, 1E: 1Es 1Eq
Kimol' 870 1791 (2800) (3900)

Values in parentheses are estimated

Scheme 1. lonization energy/enthalpy of platinum.

DO!: 10.4236/abc.2023.136017

237 Advances in Biological Chemistry



A. K. Soni, V. K. Sahu

or X-2 and one of another atom X-2 or X-3), In order to obtain minimum ener
gy structure we optimized the geometry of cach halide by opting Extended
Hiickel Theory (EHT). All the calculations were performed on CAChe software
as described in our recent work [14]. From minimum energy structure, we have
extracted values of eigenvectors, overlap matrix and cigenvalues. By submitting
the values of eigenvector (Table 1) and overlap matrix (Table 2) in Equation (3),
we have derived the values of overlap population and tabulated in Table 3. And
the summation of values of overlap population was obtained to describe bond-
ing, nonbonding and antibonding molecular orbitals have also been incorpo-
rated in this Table. After that using all above along with eigenvalues molecular
orbital diagram has been drawn. Before this, we have also examined the nature
and contribution of atomic orbitals and then their mixing (valence bond theory)
or overlapping (molecular orbital theory). V.B. Theory and M.O. theory on their
refinements gave same wave function for the molecule but they differ in their ap-
proximations only. Mulliken (1955) [15] [16] [17] [18] also correlated the bonded
interaction of V.B.T. with positive overlap population and non-bonded repulsion
of V.B.T. with negative population analysis.

3. Results and Discussion

To check the validity of the disproportionation concept that is “2PtF, Pt +
PtF,” [1], thermodynamics works have also been performed. The enthalpy (H"),
entropy (S) and free energy (G) of platinum metal are zero, zero and 1.3432
(kcal/mol), respectively. And that of PtF, are 30.176 (kcal/mol), 62.008 (cal/mol)
and 11.692 (kcal/mol), respectively. And of PtF, are 4140.219 (kcal/mol),
4139.767 (cal/mol) and +57.193 (kcal/mol), respectively. The change in enthalpy
(AH), entropy (AS) and free energy (AG) are (kcal/mol) for the reaction is
4089.867, 4015.751 and —1,192,603, respectively. And after that of bonding na-
ture in platinum difluoride has been studied. The optimized geometry as ob-
tained from molecular mechanics method of platinum (II) fluoride is shown in
Figure 1.

The MOs of this molecule as formed by linear combination of nine orbitals
(five 4d-orbitals, one 5s orbital and three 5p orbitals) from ruthenium and four
orbitals (three 2p orbitals and one 2s orbital) from each bromine are shown be-
low

Pt-1 = 5dx*y?, 5dz?, 5dxy, 5dxz, 5dyz, 6s, 6px, 6py, 6pz =9
F-2 =2, 2px, 2py, 2pz = 4
F-3 =25, 2px, 2py, 2pz = 4
Total = 17
In order to examine the contribution of various atomic orbitals in the forma-
tion of molecular orbitals the LCAO has been studied. The 17 AOs on LCAO

approximations give 17 MOs, Thus, y; - y are AOs of platinum (y = 6s, p» =
6px, s = 6py, Y4 = 6pz, ys = 5dx? — y?, y, = 5dz3, X = 5dxy, w = 5dxz, p = 5dyz)
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Table 3. Coefficient values of 4dxy, 4dxz, 4dx? =y, 58, 5p%, 5Py 5pz AOs of Pthy,

MO8 5dn 5dsy 5da 6s 6ps 6py 6p:

(Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1)
h 00153 00005 00055 00229  0.0000 0.0000  0.0000
* 0.0000  0.0000  0.0000  0.0000  0.0024 0.0000  0.0002
* 0.0824  0.0024  0.0294  0.0751 0.0000  0.0000  0.0000
M 00168 00060  0.0950  0.0000  0.0000 0.0000  0.0000
I3 0.0011 0.0965 0.0061 0.0000 0.0000 0.0000 0.0000
& 0.0000 0.0000 0.0000 0.0000 0.0470 0.0004 0.0048
# 0.0000  0.0000  0.0000  0.0000  0.0032 0.0012  0.0188
# 00000  0.0000  0.0000  0.0000  0.0000 0.0188  0.0012
& 00000  0.1005  0.0083  0.0000  0.0000 0.0000  0.0000

do 0.8573 0.0085 0.1000 0.0000 0.0000 0.0000 0.0000
i 0.0108 0.9902 0.0620 0.0000 0.0000 0.0000 0.0000
2 0.1724 0.0604 0.9751 0.0000 0.0000 0.0000 0.0000

= 1.1561 1.2650 1.2814 0.0980 0.0526 0.0204 0.0250

Bond Length=2.019A
Bond Angle=179.99°

Figure 1. Structure of PtFa.

Table 4. Quantitative and qualitative nature of occupied molecular orbitals of platinum
difluoride.

MONo.  Zfess sign MOs MO No. Znrss sign MOs

[ 0.0198 + BMO & 0.0035 + BMO
& -0.0016 + ABMO & 0.0036 + BMO
3 0.0720 + BMO & 0.0000 0 NBO
A 0.0121 + BMO Po 0.0000 0 NBO
& 0.0121 + BMO M -0.0200 - ABMO
& 0.0275 + BMO $ -0.0200 - ABMO

and jyo - yi7 are AOs of chlorine (yio = 3s, yu = 3pX, xiz = 3py, yi» = 3pz {51
F-2 and yia = 35 Jis = 3p% fe = 3py, v = 3pz for F-3). The magnitude of
contribution of various AOs () in the formation of 17 MOs (¢ to ¢ir) is
demonstrated in Table 4 reflected that nine AOs (s Jor Ao A A Xins i Ao
xi7) have no contribution in the formation of 1* MO (4)) as these have zero or
near zero coefficient values. And the rest eight AOs (Yi X5 Yo A& Yo X Xt
xis) have their contribution in ¢i. By adopting same view the contributions
AOs in ¢; to g7 MOs can also be described. The characteristics of transition
metal (TM) elements are due to their d orbitals of (n = 1) shell and s and p
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Summation values of coefficient

of orbitals
© o o o
N o ®

o

orbitals of n shell. As the atom of T™M elements form compound they adopt
cither concept of bonded attraction and non-bonded repulsion of V# (Va
lence Bond) theory and or positive and negative overlap populations of MO
(Molecular Orbital) theory [17] [18) [19] [20]. In the first case, they may un
dergo various type of hybridization that depends upon the oxidation state of
TM and number and nature of combing atoms or ions, and in the second case
formation of molecular orbital by LCAO approximation [19]. At first we have
to examine the extent of involvement of 4d, 5s and 5p AOs of Pt-1 in the for
mation of MOs in platinum dihalides. For this, values of coefficient “y" of
5d.%, 5dyy, 5d., 6s, 6p., 6pjand 6p, have presented in Table 3. The “y" of
non-bonding orbitals 5da-y(xs) and 5d,.(p) are excluded. It was Landis, who
discovered sd"-hybridization (n = 1 to 5) along with molecular shape and
bond angles in his seminal publications [20] [21] [22]. Further, he also ex-
plained co-relationship between sd"-hybridization and its bond angle by plot-
ting a graph between energy and bond angle. In order to explore atomic or-
bitals detail with respect to hybridization, we have examined the contribution
of 5d, 6s and6 AOs of Pt-1 in PtF,. For this only occupied MO (¢, - ¢,,) were
considered. And values of ¢;of each yof $d?, 5d.y, 5d.., 6s, 6p,, 6p, and 6p, of
above twelve molecular orbitals were added and the results were tabulated in
Table 3. Analysis of this table reflected that major contributions are from or-
bitals of 5d and 6s. The negligible contribution of 5s-orbital has disclosed
sd-hybridization. The involvement of three p-orbitals is negligible as their
summation values are very low in comparison to d-orbital and considerably
also low with respect to s-orbital. The graphical point of view of the same is
reflected from Figure 2.

The shape of each MO (g, - ¢17) has been determined by the relative magni-
tudes and signs of the different coefficients. For this the Pt(I11)X, has been de-
composed into three parts: Pt-1, F-1 and F-2, and the MO of the complete sys-
tem has been obtained by allowing the orbitals of Pt-1 (5d, 6s, 6p), F-1 (ns and
np) and F-2 (ns and np) to overlap. The combining atomic orbital must have 1)

1.265 1.2814

O=P—0

0.098
] 0.0526 0.0204 0.025
. . i) ] —— s——
5dz2 Sdxy Sdxz 6s 6px 6py 6pz

Metal orbitals

Figure 2. Extent of involvement of metal orbital in the formation of MOs of PtF..
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same or nearly same energy /¢, comparable encrgy, 2) proper oricntation Lc.

same symmetry about the molecular axis and 3) extent of overlapping of orbitals
should be maximum ie, not less than 40%.

The energy gap between overlapping orbitals of Pt and halogen (F, Cl, Br, 1)
atoms in platinum halides as demonstrated in Scheme 2 also proved the not x-
istence of PtF2 molecule. As orbital of the metat, Pt and halohen, F of this mo-
lecule has maximum instability i.e. having different energy. The possible over-
laps between the various AOs of ruthenium (Pt-1) and halogens (F-2and F-2) in
each MO will be 88. To solve Equation (3) for these 88 overlaps in MOs of pla-

. c ¢
tinum difluoride, we need eigenvector values (“* and ¥ ), values of overlap

matrix (S") and number of electrons ("/) in each MO. The eigenvector and
overlap integral values for platinum difluoride have been taken from Table 1
and Table 2, respectively. The number of electrons is taken as two for ¢1 to 612
and zero for ¢13 to ¢17. Finally, Equation (3) has been solved for twelve MOs.
The summation values of overlap population of these twelve MOs have been
presented in Table 4.

In order to get a precise description, the sum of overlap population for the
twelve MOs of PtF; has also been worked out and results are presented in Table
4. As can be seen from the table among the twelve molecular orbitals, seven are
bonding, two are nonbonding and three are antibonding. The bonding molecu-
lar orbitals are ¢ and ¢ - ¢s. The nonbonding molecular orbital are ¢y and Qo
which are purely two d atomic orbitals of platinium namely dx?-y* and dyz. The
three antibonding molecular orbital are ¢ and @i - di2. All these have also been

clearly shown by Figure 3.

4. Conclusions

1) The thermodynamic study supported the presumption of disproportion
reaction: 2PtF; >Pt + PtFa.

2) V.B.T showed sd-hybridization rather than sp-hybridization. This was
supported by our data as evaluated theoretically by adopting Landis concept,
which showed negligible contribution of 5s-orbital of platinum.

3) Mulliken’s population-based studies have pointed that the overlap is very
poor due to dis-similarility of energy of combining orbitals of Pt and F atom.
The T4 is very much low that is 0.2. This also proved that PtF, failed to match
the criteria of overlapping and thus MOT, too.

Ptl-;
Asg-2s= 1.007
PtCl2
Asd-1s= 0.504
PtBr2

Asg-as = 0.348
Pl
Asg.ss= 0.199

Asoap=0202 Aps2s=1.136  Aeszp=0332 Agpa= 1269 Aop-zp=0.464
Asd-3p=0.059  Ags-3s=0.633 Agsap=0.188  Agp-3s = 0.765 Agp-3p = 0.321
ASd-Ap = 00‘ 9 A(us—ls = 0.477 Aﬁs.Ap = 0 | 48 A(up«ls: 06‘ 0 A(\p-!p = 0280

Asd.sp=0.016  Aes-ss=0.328 Acs.sp=0.113  App-ss= 0.460 Agp-sp = 0.246

Scheme 2. Energy gap between overlapping orbitals of Ptand halogen (F, Cl, Br, 1) in platinum halides.
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Figure 3. MO diagram of PtF: along with the energy of AOs and MOs in eV as shown in parenthesis.

Ligand
4) Using eigenvalues and population analysis MO diagram has also been

drawn, which clearly supported non-existance of PtF, in nature but its existence

in situand thus also supported presumption of the disproportionation reaction.
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Superacidic Properties of Protonated PtF, (n = 1-6) and
Their Ability to Form Supersalts: DFT Study

Vijay Singh, Anil Kumar Soni, Dharmesh Vikram Shukla, Ajay Kumar Upadhyay,

and Anoop Kumar Pandey*

In the present communication, this study has modeled protonated PtF, (n =
1-6), a new series of superacids. The calculated vertical de-attachment energy
(VDE) of PtF,, (n = 1-6) reestablishes the superhalogenic behavior. The
vibrational frequency, dissociation energy through the HF channel, and
optimized geometries are utilized to discuss the stability of HPtF, (n = 1-6).
The deprotonation energy of HPtF,, is used to calculate the acidic strength of
HPtF, (n = 1-6). The acidity of protonated PtF, (n = 1-6) is directly related to
its counterpart superhalogen anions. The computed correlation factor (R? =
0.9754) shows that VDE is directly associated with acidity. The mechanism of
acidity of HPtF,, (n = 1-6) is described by using natural bond orbital analysis

charges on atoms. The electronic properties of HPtF,, (n = 1-6) are calculated -

using the highest occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) energy. The nature of chemical reactivity is also
determined by the HOMO-LUMO plot of HPtF, (n = 1-6). It has formed the
supersalts using superacids HPtF, (n = 1-6) and superbase (OLi;OH), and

the nature of supersalts is compared with traditional salt LiF. The most stable -

conformers of supersalts PtF,OLi; (n = 2-6) are analyzed for optdelectronic

properties. It has computed the dissociation of supersalts through neutral and

anions through superhalogns and superalkalis. The cbmputed results show
that PtF,OLi; favors dissociation through anions as in traditional salts, The
nonlinear optical parameters are calculated using dipole moment, mean
polarizability, anisotropic polarizability, molar reflectivity (MR), order
parameters, and hyperpolarizability of PtF,OLi; (n = 2—4). The estimated
nonlinear optical properties parameters are compared with corresponding
parameters of traditional salt LiF by the same level theory.

1. Introduction

Various applications of superhalogens are
in chemical and health industries as air
purifying agents,?! electrolytic salts for
lithium-ion batteries,**" and efficient ma-
terials for hydrogen storage!®! In the
last three decades, rescarchers have paid
close attention to the discovery of new
classes of superhalogens in order to de-
sign new superacids. Hall and Constant
coined the term superacids in 1927/°
but Gillespiel”®! was the first to pub-
lish a scientific idea about superacids. Su-
peracids are any species more acidic than
100% H,SO, or with a Hammett acid-
ity function less than —12. The chemistry
of superacids is first introduced by Olah
and Hogeveen.!™'®! The Gibbs' free energy
change for deprotonation!'""'?' is an impor-
tant parameter for calculating species’ acid-
ity strength. For superacid, the calculated
Gibbs deprotonation energy is less than
the corresponding value of pure sulfuric
acid (302.2 kcal mol'). The protonated su-
perhalogens are the building blocks of su-
peracids. The superacids have a wide range
of applications in petrochemistry, e.g.. cat-
alysts for alkylations.!*! One of the impor-
tant applications of superacids is in alkane
isomerization and hence superacids are a
useful material in the field of the cata-
lyst industry!”l The superacids have wide
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mdustrial apphications, e.g. tnflic acid, which is already em-
ployed in fine chemical synthesis, batteries, and ionic liquids
amons ' The superacids are used as catalysts to synthesize new
materials which are uselul m the medical field 110

Uhe combination of antimony pentafluoride (SbFg) and fluoro-
sultunic acid (LSO ) in the molar ratio of 1:1 is known as magic
aad, which was first synthesized by Olah and Schlosberg.!"!!
This magic acid fulfills the criteria of superacids that can co-
operate with hydrocarbons. The superacids are of three types;
Bronsted, Lewis, and conjugate of Bronsted/Lewis acids. Cur-
rently, work is being done to discover a new class of superacids
through conjugate Bronsted/Lewis combinations.!'*! The most
acidic superacid HSbF, reported till now is also incorporated
with Lewis acid (SbF,) and Bronsted acid (HF).'®"7| In HSbF,
HF is Bronsted acid that relies on H*; however, F~ combined with
Lewis acid SbF, forms SbF,~ and behaves as a superhalogen.
The calculated deprotonation energy of F(SO,),H, FSO,SbF;H,
and HAICI, species belongs to the superacid family,!'¢13 but
the acidity strength of these species is greater than that of the
strongest superacid, HSbF (255.5 kcal mol~').1'! The reported
species HALF,, , , (n = 1-4) are more acidic than HSbF, for n
> 4111 As an extension of this work, protonation of anions of su-
perhalogens In,Fy,.,.Sn,F,,,, and Sb,F;,,, (n=1-3)are also
reported. 2! Ambrish et al. reported protonated hypervalent su-
perhalogen anions B(BF,),”, B(AIF,),™, Al (BF,),”.and Al (AlF,),”
showing more acidity than the strongest superacid HSbF,.1'l
The researchers!22-?’! are trying to explore new superacids us-
ing the combination of Bronsted/Lewis acids, which can react
to very weak bases. The acidity of any superacid is determined by
the electronic stability of its anionic superhalogen component.
The VDE is an important parameter to determine the electronic
stability of the anionic part of the superhalogen. In the present
communication, we have examined the superacidic properties of
protonated superhalogens of PtF, (n = 1-6), which is already ex-
amined using the DFT/SDD method.|28! Several electronic prop-
erties of protonated superhalogens are discussed using the elec-
tronic properties of these superacids described by highest occu-
pied molecular orbital (HOMO)-lowest unoccupied molecular
orbital (LUMO) orbitals. The whole study is divided into four seg-
ments. In the first segment, we discussed the stability of proto-
nated superhogen dissociation through the HF channel and the
deprotonation energy of HPtFn (n= 1-6). In the second segment,
using NBO charge, we discussed the mechanism of acidity of
[1PtF, (n = 1-6) and the relation between their acidity and vertical
de-attachment energy (VDE). In the third segment, we examined
several electronic properties of HPtF, (n= 1-6) by using HOMO
and LUMO energies.

In the last segment, we explored the formation and stabil-
ity of supersalts by using superacids and superbase (OLi,OH).
Due to numerous applications of supersalts in the field of vari-
ous photonic technologies, including optical switching and data
processing,*>**l a number of inorganic, organic nonlinear op-
tical properties (NLO) materials, and organometallic have been
studied/* The NLO materials have excess electron donor and
electron acceptor units in such a way that the movement of elec-
tron cloud from donor to acceptor creates high polarizability as
compared with traditional salt LiF. In the present communica-
tion, we have also discussed the electro-optical behavior of super-
salts.
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2. Computational Method

The initial geometry of protonated Pti, (1= 1-6) and correspond-
ing anions of supcrhalogens are formed by using GaussVeiw
6.0/"1 The modeled geometries are optimized by using a sclf-
consistent field with a linear combination of atomic orbital-
molecular molecular by using the Gaussian 16W software
package !l All calculations are performed using DFT'™ 51 wnth
the B3LYP method.|*¥! In the present work, we have employed
the SDD basis set*** for Pt and 6-31++G (d. p) for F and
H atoms.**#? Several researchers have already employed this
method for geometry optimization. 49441 All geometries are op-
timized along with normal mode frequencies. The geometries
corresponding to minima on potential energy surface (PES) are
employed for further calculations.

The HOMO and LUMO electronic orbitals are plotted with the
help of Gauss View 6.0.1*”! The VDE of anions PtF, is calculated
by

VDE = E(PtF; ()

n )oplumzrd -

E(PtF")smg]e point
The energy required to move an anion from its ground vi-
bronic state to its neutral ground vibronic state is transition en-
ergy. Adiabatic detachment energy (ADE) of a system is the en-
ergy needed to optimize the geometry of any system from the
ground state anions geometry.
Adiabatic electron affinity of any species calculated by

ADE = E(PtF;) o, — E(PtF,) oy, (2)

The vertical detachment energy (VDE) is defined as the energy
difference between the optimized geometry of the anionic species
of PtF, and the corresponding energy of its neutral state. The
ADE basically measures the change in geometry of the optimized
anionic state after removing the charge. The VDE measures the
energy difference without changing the geometry of anionic PtF,
to correspond to its neutral stage.

3. Result and Discussion

3.1. Geometry of Anions of PtF, (n = 1-6)

First, we have modeled all possible structures of anions of PtF,
(n = 1-6), and after geometries optimization, the most stable ge-
ometries of neutral molecules (Figure 1) and anions (Figure 2) of
PtE, (n = 1-6) are plotted. The bond length in between PtE” is
1.96 A with C_,, symmetry. The average bond length between Pt-
Fis 1.98 A in PtF,™ with D_,, symmetry. The FeF,~ shows trigo-
nal type geometry with Dy, symmetry showing trigonal structure.
The bond length Pt-F at the top is 2.04 A.which is 0.06 A greater
than other PtF bonds. In anions of PtF,, two geometries are sta-
ble: however, the square plane of anion PtF, is more stable than
the tetrahedral geometry of anion PtF,, so we have discussed only
the square planer geometry of anionic PtE,. The PtF,~ shows a
square planer with all four bonds between Pt-F nearly equal to
1.96A. For n = 5, PtF,", five F atoms attached with the central
Pt atom show distorted trigonal bipyridyl structure. In this struc-
ture, two [ atoms lie in an axial plane and are slightly enlarged to

© 2024 Wiley-VCH GmbH
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Figure 1. Equilibrium geometries of PtF, (n = 1-6) neutral. The central
blue sphere represents (Pt) atoms, and peripheral light-blue spheres rep-
resent (F) atoms with bond lengths (in A).
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Figure 2. Equilibrium geometries of PtF,, (n = 1-6) anion. The central blue
sphere represents (Pt) atoms, and peripheral pale light-blue spheres rep-
resent (F) atoms with bond lengths (in A).

1.99 A; however, the other three F atoms form tetrahedral geom-
etry with bond lengths between 1.95 and 196A. Initially modeled
PtF,~ geometry is octahedral; however, after geometry optimiza-
tion due to Jahn-Teller distortion geometry of PtF,~ changes O,
to D, symmetry. The axial bond length between Pt-F is elon-
gated to 1.98 A compared to all four-bond lengths Pt-F in the
tetrahedral plane (1.94 A). The calculated geometry parameters of
PtF, (n = 1-6) are well-matched with the reported geometries |2%!
The calculated VDE and adiabatic de-attachment energy (ADF)
(Table 1) of PtF, (n = 1-6) reestablishes their superhalogenic be-
havior forn > 1,

3.2, Geometry and Stability of HPtF,, (n = 1-6)
We have calculated several geometries of protonated anions of

PtF, (n = 1-0) or HPtF, (n = 1-6), The geometry of all struc-
tures is optimized. After optimization of all possible geometry of
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Table 1. Calculated vertical detachrment energies (VOFs) and adiabane
electronic affinities (AEAs) of optimized PtF, (n = 1-6) compleses

VDE [eV]

Species AEA (o)
PtF 764 764
PIF, 484 a2
PtF, 485 149
P, 551 650
PtFg 6 /0 6 /4
PtF, 8 40 24
(Hydrogenated)
[47! ‘y
d—l "
N e ] ¥
22442 Y, VA2 = 0
ﬁ” ﬁ‘v; > giw 2
c
(@) ) )
2
k) 3 5 3 |1.93
091 4 0.96 .
b'{n w B Lo w 0 2
193 1918875, " O 0989, 53
Y » y{n @ 2
(@ (e) (n

Figure 3. Equilibrium geometries of PtF, (n = 1-6) hydrogenated. The
central blue sphere represents (Pt) atoms, and peripheral light-blue
spheres represent (F) atoms with bond lengths (in A)

HPtF,, the most stable conformers are collected in Figure 3. The
bond length between Pt-F is underestimated in hydrogenated as
compared with the respective bond length in anions of PtF,. The
most stable geometry of HPtF, (n = 1-6) shows that the bond
length between Pt-FH is elongated as compared with the rest of
Pt-F. The calculated bond lengths of Pt-FH lie between 2.31 and
1.99 A; however, the bond lengths of HF lie between 0.96 and
1.01 A in HPtF,. The calculated bond length Pt-FH attains the
highest value for n =1 and lowest for n = 3. The bond length H-F
falls to the highest value for n= 3 in HPtF, .

The optimized geometry of HPtF, (Figure 3) can be repre-
sented as PtF,_, /HF. We have further optimized all geometries
of PtF,_, /HF; the most optimized geometry and respective bond
lengths are presented in Figure 3. In HPtF, the bond length be-
tween Pt-FH becomes slightly larger, 1.99 A, as compared with
other Pt-F, which are 1.90 A. However, hydrogen in HF nearly
behaves as a free entity, but hydrogen shows nonbonding inter-
action with the F, atom, and the whole geometry of HPtF, is
slightly distorted from symmetry. In the next HPtF (n = 4-6),
bond lengths between Pt-~HF are overestimated than other bonds
between Pt-F: however, the bond length between H-F is equiva-
lent to the corresponding bond length HF in the free state. This
way, we write HPtF, to be composed of two entities, HF/PtF, _,
Let us calculate the dissociation of HPtE, through the HF chan-
nel. For This, we have designed various components of Pt,_, and
HF using the Gauss view and most stable optimized geometries
of PtF,_,/HF are shown in Figure 1. The calculated bond HF
(0,96 A) is nearly comparable with the observed HF bond length
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Table 3. Calculated NBO charges on HF P,y (n=1=6).

I

Jowest unoccupied molecular orbital (LUMO) energy band gap (AEgap)s

e —————

e ————————

free energy change for deprotonation (AGgepio)s and deprotonation energy Species PF, H 4 HF
(AEgepe) for H=PLE, (1 = 1-6) o ~0148 0492 0344 0.148
m—— T HPIF, ~0.163 f2l= -0 o

Species Symmetry Al [eV] Giepra [keal mol] HPLE, -0163 0501 ~01336 0165

ek G 0.44 307.48 HPif ~0.181 0518 -0337 0121

P (e 1139 285 58 HPIF, ~0.194 0519 -0325 0194
N (R 126 287.59 HPIF, _0.244 0575 -0330 0.345

et (& 1.2 27811

H-Ptk, C, 197 270.77

P, o 190 264.75 9 :

- x ,

in a free state. The calculated bond length Pt=TF lies between 1.89 B} ; R?=0.9756  .*

and 1.97 A. The linear geometry PtF shows C,,, symmetry. The w e

PtF, shows nearly linear geometry with D, shorter PtF bond S i

length than the corresponding bond length in PtF complexes. 4

The trigonal geometry of PtF, has C,, symmetry. The initial ge- 3 .

ometry of PtF, is tetrahedral, and after optimization, the geom- 2

etry changes to distorted planer geometry with Cs with slightly 32 33 34 35 36 37 38

Acidity (1/8G)* 103

Figure 4. Graph plotted in between acidity of HPtF, (n = 1-6) V s~ verti-
cal de-attachment energy of corresponding anionic superhalogen.

lower negative energy than square planer geometry with D, sym-
metry. In the present communication, we have only considered
the square planer geometry of PtF,. The PtF has planer geome-
try C.. The initial O,, geometry of PtF¢ changes to D,;, geometry
due to the Jahn-Teller distortion.

The calculated bond length for PtF, (n = 1-6) in neutral and
anionic complexes is well-matched with previously calculated
results.|2¥!

In the next section, let us check the stability of HPtF, (n=1-
6) dissociation through the HF channel by using the following
equation '

energy of H,S0,, and the calculated deprotonation energy for
n> 1is less than the indicated deprotonation energy of H,SO,.
As a result, all species with n > 1 belong to the superacid fam-
ily. The calculated deprotonation energy of HPtF is comparable
to the deprotonation energy of the strongest superacid, HSbF,.
and less than the deprotonation energy of HAuF.1*>*7! The cal-
culated deprotonation energy of HPtF is well-matched with the
previously reported value.\*8! The calculated deprotonation en-
ergy of HPtF, is comparable to the corresponding reported value
of HTaFg; however, HPtF, is more acidic than HTaF,.""! The
. calculated deprotonation energy of HPtF, is the same as that of
HAu,F,, by Czapla and Skurski.*!
‘ Let us look further into the mechanism of HPtF, superacid-
ity using NBO charge analysis. The NBO charge (Table 3) shows
that the charge on PtF,_, is nearly the same at HF units. Again,
HPtF, can be written as PtF, _, /HF Bronsted/Lewis acids. Except
for HP.tF(,. the NBO charge analysis reveals that charges on the
HF unit are nearly equal to charges on the PtF, _, unit. Except for
HPtF(, binding between HF and PtF,_, is completely electrova-
lent. The NBO charge on PtF; in HPtF is —0.244e, but the NBO
charge on HF is 0.345e, indicating non-electrovalent interaction
when compared to other HPtF, (n = 1-5). The HF entity in HPtF,
back-donates 0.101e charge to PtF. HPtF, dissociates with HF
and PtF, _, entities, but HF atom F atom extracts charge from H
and releases a proton (H*), and this F~ interacts with PtF,_, to
produce PtF, (n = 1-6). As a result, the stability of PtF, (n = 1-
6) is directly related to the acidity of HPtF, (n = 1-6). Figure 4
shows a graph connecting VDE and the acidity corresponding to
protonated species. The acidity of any species is defined as

AE, = - {E[HPtF,| - E|PtF,_ | - EIHFI}n=1-6 (3)

The dissociation energy of HPtF, (n = 1-6) through the HF
channel is calculated and listed in Table 2. The calculated disso-
ciation energy AE,,, > 0 implies that HPtF, (n = 1-6) is stable
through the HF channel. This way, the HPtF, superacid can be
represented by the combination of PtF,_, (Lewis acids) and HF
(Bronsted acid). Except for HPtF ,, where the hydrogen of Pt-FH
interacts with the F, atom, the calculated dissociation energy in-
creases continuously from n = 1-6, indicating a discontinuity in
deprotonation energy in HPtF;.

3.3, Deprotonation Energy of HPtF,

The acidity of any species is defined by deprotonation energy. The
deprotonation energy of any species can be computed by

HPtF, — H* 4+ PtF - at T = 298.15 K

AG,,, = AG|Pt| + AG|H*] = AG [LIPtF,

(n=1-6) (4

where the value AG [H*] = -0.28 kcal mol~! is taken from the
literature,!%!

The deprotonation energy of HPLE, (n = 1-0) is calculated and

listed in Table 2 According to this table, the caleulated deprotona. Acidity = . 5
tion energy of HPUE is greater than the indicated deprotonation AG« 107" i
Macromol Symp 2024, 413, 2300084 2300084 (4 of 9)
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Tabe 4 Cakiulated electronic reactivity parameters of HPIE, (n = 1-6) complexes

e W ey P eV AL, leV) rlev) u(eV) 7 ev) Sfev) '’ o [eV] AN, £ce
. 3 0064 JA0IS 16030 42050 42050 08014 06238 110307 S2471 1324542

- ? 02 3¢ 21382 42650 489N 4891) 21328 02345 5 6092 72916 3752467
~ 7 6930 4 7030 29839 62010 62010 14920 03351 12 8867 41562 14 43096
& 9 2067 46375 45692 69221 69221 22846 02189 10 48666 30299 7109373
» 9 9439 7738y 22103 88447 88447 11051 04524 353924 30035 125613/
X 10 7019 63191 43828 85106 85106 2.1914 02282 16 5258 3 RR36 13 24542
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Figure 5. Highest occupied molecular orbital (HOMO, upper) and lowest unoccupied molecular orbital (LUMO, lower) surfaces of hydrogenated HPtF,,

(n = 1-6) clusters

The acidity of any system is reverse of deprotonation energy as
deprotonation energy of any species is increased species become
less acidic.

The calculated correlation equation between VDE and acidity
for linear fitting is

Y = -31.19143 + 10.33421x ( R* = 0.9752) (6)

The calculated correlation factor (R? = 0.9756) indicates a good
correlation between VDE and the acidity of superacids reported
in the literature /%0511

From this discussion, we can say that superhalogen anions are
the building block of superacids.

3.4. Electronic Properties of HPtF,,

Several electronic properties of HPtF, (n = 1-6) have also been
czlculated. The most occupied molecular orbitals HOMO and the
least occupied molecular orbitals LUMO are the main frontier
molecules that determine electronic properties. Table 4 shows the
calculated band gap of HPtF, (n=1-6). The energy gap of HPtF,
(n = 1-6) is between 1.6030 and 4.5692 eV. HPtF has the small-
estenergy gap, indicating that itis highly reactive, whereas HPtF,
has the largest gap, indicating that it is less chemically reactive,
Figure 5 depicts the HOMO and LUMO plots of HPtF, (n = 1-0).
HOMO is distributed over PtF, |, whereas LUMO is distributed
over the entire molecule, The transfer HOMO — LUMO shows
that charge transfers from PtF,_, to HF units, This can be ex-
plainced by the ECT of HPtE,, considering its constituents PtF, _,
and HT units approaching each other. The ECT is calculated by

Macromol. Symp, 2024, 413, 2300084
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following equation!5?!

ECT = (AN,,,) PtF,_, — (AN,.,) HF

Hy
ANmax S 7
(@lime) = 7)

The calculated value ECT > 0 for HPtF, (Table 4). In the for-
mation of HPtF, the charge transfers from PtF,_, to HF and
thus PtF, _, behave as electron donor and thus nucleophilic with
high chemical potential; however, HF shows electrophilic behav-
ior with low chemical potential.

The difference in energy between HOMO and LUMO 1S an
energy gap and is directly related to the electronic reactivity of the
system. The band gap is directly related to chemical stability. The
chemical system with a low band 8ap means a more polarized
system and less chemically stable.

3.5. Formation of Supersalts

As we know, strong acids and strong bases react to form salts.
Similarly, we modeled supersalts using supcracids 1IPtF, (n =
1-6) and superbase OLi,Ol.

The optimized geometry with no imaginary frequencies of
OLi;OH using the DFT/6-311++G(d,p) method is shown in
Figure 6. In a protonation reaction, the basicity of proton affin-
ity (PA) OLi;OH is calculated by a change in enthalpy of its gas
phase. The superbasic nature established by calculated PA for
OLi,OH is 244.5 kcal mol~', more than the PA value of LIOH
(239.42 kcal mol™!) 54

After the formation of ionic salt and water from the acids and
bases reaction, let us examine the possibility obtained from the
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Figure 6. Optimized geometry of OLi;OH by using DFT/6-311++G(d.p)
method

reaction of superacids and superbase. By using superacid HPtF,
(n = 2-6) and superbase Ol i,0H1, we have modecled various pos-
sible geometry of PtF,Oliy. and after optimization by same level
theory, most optimized geometries of supersalts are presented in
Figure 7.

The optimized geometry of PtF,OLi; shows a distorted
hexagon with one Li atom outward connected with O at 1.87A.
In PtF,OLs,. the PtF axial was placed with OLiy, and after op-
timization optimized geometry of supersalt PtF,OLi; shown in
Figure 7b, which is just similar to PtF,0OLi; with additional F,
with <F,=Pt,-F, angle 101.240 rather than 180° and is more sta-
ble than optimized geometry PtF,OLi, presented in Figure 7fin
trigonal OlLi; placed parallel with PtF, and after geometry opti-
mization one of F atom in trigonal PtF, attach with Li, atom.
In the following calculation, we only considered the geometry of
PtF,OLi, shown in Figure. Figure 7c shows two stable geometries
in PtF,OLi, (d). In the first geometry, PtF,’s square planer geom-
etry interacts with axial trigonal OLi,, causing the trigonal geome-
try of OLi, to be slightly distorted. The second geometry is a tetra-
hedral geometry of PtF, placed axially with OLi, and optimized
geometry shown in Figure 7d in which one Li is displaced out
of the plane in OLi,. Because the minimum energy of optimized
geometry corresponds to Figure 7¢. we focused on Figure 7c su-
persalts in the following section. For n = 5, PtF,OLi,, we OLi;
placed parallel and axial positions of PtF;, and after optimiza-
tion, two optimized PtF;OLi; geometry are shown in Figure 7g
and h. Because the minimum energy of the optimized geometry
of OLi,PtF, is shown Figure 7g, we have only discussed them.
In PtF,OLiy, we have considered three initial geometry in which
PtF, placed parallel axial and perpendicular positions with OLi;.
After optimization, only one geometry corresponding to axial ori-
entation having stable geometry with no imaginary frequencies is
shown in Figure 7e. The stable geometry of PtF,OLi, with two F
atoms is slightly displaced with PtF and connected between two
L of OLi, with bond length Li-F between 1.77-1.79 A and 1.72-
1,73 A, respectively. Although the stable geometry of PtF,OLi, is
completely unsymmetrical, we have considered this for further
calculation.

The stability of the most stable conformer of supersalts
PiF, 011, is checked by dissociation through neutral and ionic
modes, The dissociation of supersalts by neutral the ionic modes
of dissociation is calculated by the following equation

PiF,OLiy — PIF,+OLsy ®)

Mocromol Symp 2024, 413, 2300084
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A, = E(PtF,) 4+ E(OLiy) = £ (PIF,0L5) (9)

PF,OLi, = PtF, + OLi} (10)

AE, = E (OLit) + E(PtF;) - E(PtF,OLi) (1)

The calculated binding energy of OLi,PtF, from both modes
neutral (AE,) and ionic modes (A Ej) is shown in Table 5. For
PtF,OLi, calculated value of AE, > AE, so this complex favors
the neutral dissociation rather than ionic dissociation; however,
for the rest of the supersalts AE, < AE, and favors ionic dissocia-
tion just as in traditional salt LiF. Inn = 6 PtF,OLi,, dissociation
through neutral modes becomes unstable; however. dissociation
through ionic mode also has low dissociation energy due to its
unsymmetrical geometry.

3.6. Electronic Properties of Supersalts

After releasing a water molecule, superacids and superbases in-
teract to form supersalts. Superalkali (OLi3) acts as an electron
donor in supersalts, while superhalogen (PtF,) acts as an elec-
tron acceptor. Because supersalts have electrovalent or tonic in-
teractions, they are easily polarized. We discussed the optoelec-
tronic properties of suspersalts in this section. Previously, re-
searchers reported that supersalt families exhibit extraordinary
optoelectronic behaviors.!35%) Several global reactivity indices are
calculated using HOMO and LUMO energy. lonization poten-
tial and electron affinity are the negative eigenvalues of HOMO
and LUMO energies, respectively. Any system’s electronegativity
equals the negative half of the sum of its HOMO and LUMO en-
ergies, but the electronegative potential is the inverse of global
electronegativity. The chemical softness of any system is defined
as how easily it reacts with specific species, and the inverse is de-
fined as chemical hardness. The chemical harness is equal to half
of the HOMO LUMO energy difference. The global softness is
the inverse of the energy difference between HOMO and LUMO
energies. All calculated parameters for global reactivity are calcu-
lated and listed in Table 5. The energy gap of supersalts OLiPtF,
ranges from 1.818 to 4.021 eV. The lowest energy gap was ob-
tained for OLi,PtFs, making it the most reactive species; however.
the highest energy gap was obtained for OLi,PtF,, making it the
least reactive. The chemical hardness and chemical softness val-
ues support this conclusion.

3.7. Nonlinear Optical Properties (NLO) of Supersalts

Due to low ionization potential, superalkalies have potential dip-
ping ability and can be utilized to synthesize a variety of charge
transfer salts. For example, new species of supersalts = are
formed superalkalies interacting with their counterpart super-
halogen. These supersalts can be illustrious from traditional salts
on the foundation of their chosen detachment to the 1onic su-
peralkali and superhalogen fragments.!®! The interaction of su-
peralkai Bli6 with different superhalogen has been reported
The interaction of BF4 superhalogen with Fli,, Oli,, and Nl
superalkalies®! has been reported. A system’s mean polanz:
ability and hyperpolarizability are defined by its response to an

© 2024 Wiley-VCH GmbH
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Figure 7. Optimized geometry of OLi; PtF, (n = 2-6).
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Table 5. Calculated electronic reactivity and nonlinear optical properties (NLO) parameters of OLi; PtF, (n = 2-6) complexes.

Salt IP[eV] EpleV] Egan [6V] X [eV] u(eV) ilev] S[ev)! Q[eV]

Abg[eV] AEr[eV] w[D] <a> l[au] Blau] MRlesu] a,,. [a.u] Orderpara
OLuPF, 5752 1731 4021 3742 -3742 2011 0249 3481 3761 5936 8604 65491 227274 24435 15741 0.093
OLLPIFy 5813 3931 1882 4872 -4872 0941 0531 12612 3075 6045 10959 63898 384091 23.840  24.203 0.132
OLWPtFy 6798 3189 3.609 4994 -4994 1805 0277 6909 6567 7708 4971 55471 503.047 20696 6437 0.012
OliPtFy 7379 5561 1818 6470 -6.470 0909 0550 23026 4873 3610 10612 50923 610529 30192  101.370 0.441
OtiPtFe 8691 6644 2047  7.668 —-7.668 1024 0489 28720 -5127 2610 3731  90.14] 585355 33632 46713 0.189
applied electric field. Using an electric field of 0.001 a.u., the <a>=1/3|a,, +a,+a, (13)

mean polarizability and hyperpolarizability of supersalts are cal-
culated and listed in Table 3. The superalkali OLi;-based su-
persalts got much attention due to their enormously high NLO
properties.*>%l In the present communication, we have selected
OLi; as superalkali and PtF, (n > 1) as superhalogen. The dipole
moment is a signature of charge magnitude and distribution. Be-
cause of their symmetric distribution, OLi,;PtF; has the greatest
dipole moment, resulting in uniform polarity. Except for n = 4, 6,
the calculated dipole moment increases as the number of atoms
increases in OLi; PtF,. Because of its highly asymmetrical geom-
etry and unusual charge distribution, OLi, PtF¢ has a lower dipole
moment. Since PtF,OLi, prefers neutral dissociation over ionic
dissociation, the interaction between PtF, and OLi, is partially
covalent, and the dipole moment for n = 4 deviates from normal
variation. In Table 5, several NLO parameters, i.e., dipole mo-
ment 4, mean polarizability <a>, anisotropy polarizability (Aa),
order parameters, and first static hyperpolarizability f in a Carte-
sian frame, are calculated by using the following equations

12
H= (/43 + #:‘Hl:) (12)

Macromol. Symp. 2024, 413, 2300084

2300084 (7 of 9)

The first-order hyperpolarizability of the system is defined by
a 3 X 3 X 3 matrix of a third-rank tensor. By utilizing Kleinman's
third rank matrix with 27 components can be reduced to 10 com-
ponents of symmetry.!®'l After applying a homogeneous external
electric field, all components of f are coefficients in the Taylor
series expansion of the energy expansion becomes:

E=E - u,F, - 1/2(1,,,,F"F,, = 1/6/3(,/?717" F4F, (14)

where E° is the energy of the unperturbed molecules, F, the field
at the origin, and y,,, ¥qp.and f,, are the components of dipole
moment, polarizability, and the frst hyperpolarizabilities, respec-
tively.

The total hyperpolarizability BroraL is calculated by

1/2
ﬂTOTAL = [ﬂi + ﬂ: + ﬂzz] ' where ﬂx = ﬂxxx + ﬂm + px::'ﬁy

ﬂ)’)’\' + ﬁvzr + p)'xt' ﬁz . ﬂ::: + ﬁ:tt + ﬂf)’)' “ 5)

© 2024 Wiley-VCH GmbH
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he anisottopic polanizabihity is calculated by

: 11/

".-:) ! ("::
2

2

(”\\ ”.\)

u )'l bo(a,
Aq=| —— B

(16)

The molat refractive index is calculated by the Lorenz-Lorentz
formulalt*Y!

nt =1 (MW
MR=|——||— )=
\ ) ‘ ( P ) 1.33an

(17)
In this formula, N is the Avogadro number; « is the mean polar-
izability.

The ordered parameter is defined in terms of molecular
polarizability(«,) along the x-axis and polarizability («,) along the
y-axis and calculated as| 0400l

a. — ﬂ'u

S$= (18)

o, i,

The OLi,PtF, and OLi,PtF; have the highest calculated mean
polarizability values, while OLi,PtF, has the lowest. The mean
polarizability decrcases as n increases, but when n = 3, this
parameter suddenly increases and reaches its maximum value
for OLi,PtF, (90.141 a.u) and is comparable to other studies
reported. The calculated hyperpolarizability of OLi,PtF is al-
most ten times and for OLi,PtF, six times greater than for LiF
(9.17 a.u.). Supersalts’ hyperpolarizability ranges from 227.274 to
610.529 a.u. The calculated hyperpolarizability value for OLi;PtFs
is 27 times to that of the reference material urea (0.1947%107%°
e.s.u.) but ten times for OLi, PtF,, which has the lowest hyperpo-
larizability value. Except for OLi,PtF,, the value of hyperpolariz-
ability of OLi,PtF, increases with increasing n due to their asym-
metrical geometry. The calculated hyperpo]arizability of OLi;PtFy
is seven times and for OLi;PtF;, almost three times greater than
the hyperpolarizability (90.20 a.u.) value of LiE53 The ICT of
electron polarizes supersalts and is responsible for nonlinear op-
tical behavior.**!

4. Conclusion

The superacidic properties of protonated PtF,, (n= 1-6) are inves-
tigated in this paper using the DFT/SDD/6-31++G(d,p) method.
The protonated HPtF, can be represented by Lewis and Bron-
sted acids (HF/PtF,_;). The calculated deprotonation energies of
HPtE, show thatall species forn>1 belong to the superacid fam-
ily, The calculated deprotonation energy of HPtF, is equal to the
deprotonation energy of the most acidic species, HSbLF,. The cal-
culated correlation factor (R? = 0.9752) shows that the acidity of
HPtF, is directly related to the anionic superhalogen part’s VDE.
The interaction of superacids and superbases (OLi;) to form su-
persalts demonstrates that the dissociation of PtF,OLi, through
the jonic channel is the same as in traditional salt LiF except for
PtF,OLi;. The mean polarizability decreases as the number of n
increases. When n = 3, this parameter suddenly increases and
reaches its maximum value for OLi,PtF, (90.141 a.u.). The calcu-
fated hyperpolarizability of OLi,PtF, is almost seven times that
of OLi,PtF, and ncarly three times that of LiF (90.20 a.w.). Asa

Macromol. Syrmp. 2024, 413, 2300084
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result, these supersalts may be capable of producing new NLO-
active materials in the future, We hope that our research will lead
to the development of new ¢ ommercial superacids and supersalts
that are both beneficial and environmentally friendly.
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Abstract

In this research work, atomic and molecular orbitals based analysis has been
made to see electronic structure of platinum halides (platinum dichloride,
platinum dibromide, platinum diiodide and platinum difluride). The geome-
try optimization and three dimensional (3D) modeling of the above men-
tioned species have been made on CAChe pro software. The results show: (i)
The involvement of three p atomic orbitals is negligible as their summation
values are very low in comparison to d orbital and considerably low with re-
spect to s orbital. (ii) The study well support the Landis concepts of sd"-hy-
bridation (here n = 1) as bond angle and contributions of s-orbital and d-or-
bital of Pt(II) are maximum with negligible contribution of p-orbitals. (iii)
These halides also support the cloud-expanding effect with experimental data
and also follow the nephelauxetic effect. The result is in good agreement with
experiment results that covalent character increases in the order: Ptl; > PtBr, >
PtCl, > PtF,. (iv) And thus the study will help to fine tune the existing com-
plexes of these halides.

Keywords

Platinum Dhalides, Mulliken Population Analysis, sd-Hybridization,
Molecular Orbital Diagram

1. Introduction

Mathematical treatment of various laws of physics and chemistry were too com
plex 1o be solved (1], However, it is only possible by Walter Kohn, who has de
veloped the mathematics and John Pople, who has made its quantum mechanical
forms. Both scientists were jointly awarded Nable Prize in chemistry in 1998:

DOI: 10.4236/0japps,2025.151020  Jan.
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Kohn for simplifying the mathematics in descriptions of bonding of atoms, and
Pople for development of the computational quantum chemistry [2]-[4]. Day-to-
day developments in theoretical and computational works make it possible to have
a deeper insight in the sub-atomic nature of atoms, ions and molecules [5]-[7]. In
this research work, atomic and molecular orbitals based analysis will be made to
see electronic structure of platinum halides. Platinum forms compounds in 0, +2,
+3, +4, +5 and +6 oxidation states. Main oxidation states of platinum are 0,+2and
+4, while +5 and +6 are shown by fluorides or fluoro-complexes, and +3 is usually
in binuclear compounds with M-M bonds [8] [9]. The ability of platinum to exist
in many oxidation states is an important property of this element, which plays an
important role in its applications. Platinum readily forms coordinate complexes
and these complexes have their applications in diverse fields [10]-[18]. Day-to-day
expansion in the chemistry of platinum and its complexes is due to their applica-
tions directly or indirectly pre-requisite for many of today’s problems related to
anticancer drugs, photochemistry [19]-[22], biological system [23]-[25], materials
science [26] [27] and nanoscience [28]. This is due to its versatile electron-transfer
pathways. Survey of literature shows that platinum and its compounds are now
used as sensors and switches [29], as catalyst [30]-[33], as antimicrobial agents [25],
as biomarkers [24], as metallopharmaceuticals in treatment of cancer [18]. Plati-
num based complex compounds have also been used as drugs to activate or help to
generate redox reactions [34]-[36]. A survey of literature shows that designing new
ligands that can complexes with platinum in different oxidation states can lead to
the development of new materials [36]. For new materials of diverse applications,
there is and will be a continuous step-by-step study to discover new ligands and
their new platinum complex. These complex compounds can formed either from
their simple compounds or by substitution reactions from pre-synthesized com-
plex compounds. The development of new platinum-based materials is and will be
an ongoing need for various fields of science and technology, and thus for society.
It is difficult to synthesize new molecule and test their various properties in labor-
atory, because it involves huge expenditure and consumes enormous time. Now,
chemistry together with physics and computer science has shifted from, how to
make a molecule to what molecule to make, in other words, molecule design. The

' a quanti-
tative nature to the relationship between molecule, its property, its synthe

emergence of computational chemistry and various software, have given

' . sis and
thus its various applications [37].

2. Materials and Methods

The study material are platinum (1) halides, Three simple platinum dihalid
alides ex-

atinum (I1) io-

adopted meth

e hich ods

various calculations of platinum dihalides are based on Muljik :,
e

analysis [38)-[41). Mulliken defined ¢ (molecular orbital)
tions of electrons in each occupied MO) and n,.,, (overl

ist. These are platinum (11) chloride, platinum (1) bromide and pl
dide, except platinum(ll) fluoride which does not exist. The

n's population
n,, (the contribu-

ap population that explain
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bonding, antibonding and nonbonding nature of bond), as below:

¢I=ch!k/rr/( (l)

rk
n,,=nc’ (2)
n_,=n, (2c,.,c,,S,r) (3)

here n, isthe number of electronin ¢, i=1- 17, ¢, is the coefficient of atomic
. is the coefficient of AOs for other atom (X — 2 or X -
3)and S, isthe overlap integral between the two AOs (one of an atom Pt - 1 or
X — 2 and one of another atom X — 2 or X — 3). In order to obtain minimum
energy structure we optimized the geometry of each halide by opting Extended
Hiickel Theory (EHT) [42]. All the calculations were performed on CAChe soft-

ware. From minimum energy structure we have extracted values of eigenvectors,

orbitals for Pt-atom, ¢

overlap matrix and eigenvalues. By submitting the values of eigenvector and
overlap matrix in Equation (3), we have derived the values of overlap popula-
tion. And the summation of values of overlap population was obtained to de-
scribe bonding, nonbonding and antibonding molecular orbitals. After that us-
ing all above along with eigenvalues molecular orbital diagram has been drawn.
Before all these we have also examine the nature and contribution of atomic
orbitals and then their mixing (valence bond theory) or overlapping (molecular
orbital theory). V.B. Theory and M.O. theory on their refinements gave same
wave function for the molecule but they differ in their approximations only.
Mulliken (1955) also correlated the bonded interaction of V.B.T. with positive
overlap population and non-bonded repulsion of V.B.T. with negative popula-
tion analysis [38]-[41].

3. Results and Discussion

A systematic molecular mechanics based investigation of bonding nature in plat-
inum dihalides has been studied. Platinum dihalides, which are under investiga-
tion, are dichloride, dibromide, diiodide and difluoride (which do not exist but
also studied to explain its unstability). After gaining minimum energy structures
a quantitative atomic orbital (AO) and molecular orbital (MO) treatment have
also been made on platinum halides to study (i) involvement of metal (n-1)d-,
ns- and np-orbitals in hybridizations and its type that has been used to get infor-
mation related to shape (bond angle) and size (bond length); (ii) contribution of
various AOs in the construction of MOs through LCAO approximation using val-
ues of eigenvector and overlap matrix; (iii) nature of MOs by distinguishing them
in to bonding, nonbonding and antibonding MO through population analysis and
(iv) molecular orbital energy diagram and its construction using eigenvalues and
overlap-population contribution,

3.1. Platinum Dichloride

The optimized geometry as obtained from molecular mechanics method of

DOI: 10.4236/0japps.2025.151020
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Figure 1. Structure of PtCla.

olecule are formed by linear combination of nineorbitals

The MOs of this m
m and four or-

(five 4d-orbitals, one 5s orbital and three 5p orbitals) from platinu
bitals (three 3p orbitals and one 3s orbital) from each chlorine atom as shown

below
Pt-1 = 5dx*-y?, 5dz% 5dxy, 5dxz, 5dyz, 6s, 6p%; 6py, 6pz =9AO0s
Cl-2 = 3s, 3px, 3py, 3pz = 4A0s
Cl-3 = 3s, 3px, 3py, 3pz =4A0s
Total =17A0s

In order to examine the contribution of various AOs in the formation of MOs
the LCAO has been made. The 17 AOs on LCAO approximations give 17 MOs.
The various AOs are represented by ‘¥ and MOs by ‘#. Thus, yi - yo are AOs of
platinum (i = 6s, x2 = 6p%, J5 = 6py, s = 6pz, Y5 = 5dx* = %, X6 = 5dz?% y» = 5dxy,
xo = 5dxz, o = 5dyz) and yio — yi7 are AOs of chlorine (yio = 3s, yu = 3pX, yiz =

3py, yis = 3pz for Cl-2 and yis = 3s, jis = 3pX, Jis = 3pY> fi7 = 3pz for Cl-3). The

magnitude of contribution of various AOs () in the formation of 17 MOs (¢ to

&) is demonstrated in Table 1(a). A close look at this table reflected that seven
AOS (2 X Yoo oo o0 i3 1i7) have no contribution in the formation of 1* MO (¢1)
as these have zero coefficient values. And the rest ten AOs (xi, 15 Yo X i Yins

Xiv» X Xis X jis) have their contribution in ¢,. By adopting same view the contri-

butions AOs in ¢, to ¢y MOs can be describe.

3.2. Platinum Dibromide

The optimized geometry (Figure 2) as obtained from molecular mechanics

method of platinum (II) bromide is given below.

Figure 2. Structure of PtBr2.

The MOs of this molecule as formed by linear combination of nine orbitals (five
4d-orbitals, one 5s orbital and three 5p orbitals) from platinum and four orbitals

(three 3p orbitals and one 3s orbital) from each bromine are shown below:

pt-1 = 5dx? — y% 5dz% 5dxy, 5dxz, 5dyz, 6s, 6px, 6py, 6pz, ="rdg
Br-2 = 4s, 4px, 4py, 4pz - 4
Br-3 = 4s, 4px, 4py, 4pz = 4
Total = 17
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Table 1. (a) Eigenvector values of atomic orbitals (1) In molecular orbitals (4) of PCly (b) Plgenvector values of atormic orbitals (5%}

in molecular orbitals (&) of Pty (¢) Eigenvector values of atomic orbitals (p) (n molecular orbitals (¢
values of atomic orbitals ( 1) v molecular orbitals (4) of Ptk

Atom *

P \
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& th & [ ()
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X
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X
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&
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) of Ptly (d) Figenvector

A Lz b b #

0.000%
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x- =0.0013 0.0000

X

X+ 0.0001 0.0000

&

0.0841

0.0000 0.0004

0.0000 0.0043
~0.0445 0.0000

-0.0159 0.0000

Br-2 xi0 0.6804

xi 0.0064

xi2 ~0.0001
X3 =0.0006
Br-3 x4 0.6820

X —0.0064

xie 0.0001

(b)

#” ¢ (4 *

-0.1732 0.0000 0.0000 0.0000

0.0000
-0.0000 0.0000 0.0000 -0.1455
-0.0000 -0.0001 0.0000 0.0012
-0.0000 0.0000 -0.0001 0.0147
-0.3736 0.0099 0.0559 -0.0001
0.2113 -0.0010 -0.0970 0.0000
0.0063 0.5567 —0.0069 0.0000
0.0755 0.0054 0.5483 0.0000

-0.0006 -0.0563 -0.0040 0.0000

¢7 ¢' ¢10 ¢II ¢|2
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—0.0000 —0.0000 0.9949 0.0008 —0.0837 -0.0075 -0.0012

0.4114

b s b
0.0000 0.0000 1.0271

s ¢

0.0025

-0.0001 -0.0127 -0.1011 0.0023 -1.2428

0.0104

0.0000 -0.0423 -1.0037 -0.0002 0.1256
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0.0000 0.0000 0.0006

-0.6973 0.1205 0.0000 0.0000 0.0423

-0.0102 0.5266 0.0052 0.0556 0.6480

0.0001 -0.0044 0.5531

0.0010 -0.0532 0.0058 0.5503 -0.0655

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

-0.0089 0.0701 -0.0000 —0.0000 —0.0034 —0.0446 —0.2344

-0.0063 ~0.0054 -0.6994 -0.0304 0.0000 —0.0000 -0.4433 -0.0031 0.0020

-0.0297 0.6959 -0.0000 0.0000 0.0035 -0.441]

0.0000

0.0230 -0.0000 -0.2529 0.3213

0.0019 0.0150 0.5279 -0.5245

0.1499 ~0.0064 -0.0044 0.0044

0.0237

0.6956 0.1207 0.0000 0.0000 -0.0424

-0.0102 -0.5271 -0.0052 -0.0557 0.6474

0.0001 0.0044 -05544 0.0064 -00054

0.0000 0.0000 -0.0000 0.0000 0.0000 0.0000
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-0.2521

0.0230

0.2345 0.0019 -0.5263

=0.0020 0.1503 -0.0065 0.0044 0.0044

=0.0237 0.0063 0.1495 0.0532 0.0533
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Inorder to examine the contribution of various atomic orbitals in the formation
of molecular orbitals the LCAO has been studied, ‘The 17 AOs on LCAO approx-
imations give 17 MOs. Thus, yi-p are AOs of platinum (y = 6, y, = 6px, p
6py, o = 6pz, Js = 5dx? =y, v = 5d2?, pr = 5dxy, y = 5dxz, o = 5dyz) and g
iz are AOs of chlorine (o = 3s, yir = 3px, vz = 3py, yis = 3pz for Br-2 and s -
3s, nis = 3px, s = 3py, 7 = 3pz for Br-3).The magnitude of contribution of var
ious AOs (p) in the formation of 17 MOs (¢ to ¢;7) is demonstrated in Table 1(b).
A close look at this table reflected that six AOs (y2, yn Y fo» Y13 i6) have no con
tribution in the formation of 1* MO (¢,) as these have zero or near zero coefficient
values. And the rest eleven AOs (11, 15, Yoo Yo Yo Y10 Yot Yin Yiss Y15, Yi7) have their
contribution in¢,. By adopting same view the contributions AOs in ¢ to ¢,y MOs

can be describe.

3.3. Platinum Diiodide

The optimized geometry (Figure 3) as obtained from molecular mechanics

method of platinum(II) bromide is given below.

Figure 3. Structure of Ptl..

The MOs of this molecule as formed by linear combination of nine orbitals (five
4d-orbitals, one 5s orbital and three 5p orbitals) from platinum and four orbitals

(three 3p orbitals and one 3s orbital) from each bromine are shown below

Pt-1 = 5dx*-y?, 5dz?, 5dxy, 5dxz, 5dyz, 6s, 6px, 6py, 6pz, = 9
-2 = 4s, 4px, 4py, 4pz = 4
1-3 = 4s, 4px, 4py, 4pz = 4

Total = 17

In order to examine the contribution of various atomic orbitals in the formation
of molecular orbitals, the LCAO has been studied. The 17 AOs on LCAO approx-
imations give 17 MOs. Thus, yi- s are AOs of platinum (y = 6s, y» = 6px, y3 =
6Py, xa = 6pz, Js =5dx* — y?, ys = 5dz? y» = 5dxy, yu = 5dxz, yo = 5dyz) and i - xnz
are AOs of chlorine (yi0 = 3s, i1 = 3px, iz = 3py, yi3 = 3pz for I-2 and 4 = 3s, xis
= 3px, Yis = 3pY; qi» = 3pz for I-3). The magnitude of contribution of various AOs
(v) in the formation of 17 MOs (¢, to ¢;) is demonstrated in Table 1(c). A close
look at this table reflected that seven AOs (o, g5, Ya 1o fizs X3 Yis) have no con-
tribution in the formation of 1 MO (¢,) as these have zero or near zero coefficient
values. And the rest ten AOs (i, y5 tos {5 Yo Xios Xins Xia s yi7) have their con-
tribution in ¢. By adopting same view the contributions AOs in ¢, to #1> MOs can
be describe.

3.4. Platinum Difluoride

The optimized geometry (Figure 4) as obtained from molecular mechanics
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method of platinum(11) fluoride is given below,

@ _____ " \‘90

Figure 4. Structure of Ptk

The MOs of this molecule as formed by linear combination of nine orbitals (five
4d-orbitals, one 5s orbital and three 5p orbitals) from platinum and four orbitals
(three 2p orbitals and one 2s orbital) from each bromine are shown below

Pt-1 = 5dx? — y?, 5dz2, 5dxy, 5dxz, 5dyz, 6s, 6pX, 6py 6p2, = 9

E-2 = 2s, 2px, 2py, 2pz = 4

F-3 = 2s, 2px, 2py, 2pz = 4
Total = 17

In order to examine the contribution of various atomic orbitals in the formation
of molecular orbitals the LCAO has been studied. The 17 AOs on LCAO approx-
imations give 17 MOs. Thus, yi-y are AOs of platinum (i = 6s, Y2 = 6p% J5 =
6pY, xa = 6Pz, Y5 = 5dx? -y, s = 5dz? yr = 5dxy, ys = 5dxz, Yo = 5dyz) and Yo —
xi7are AOs of chlorine (yi0 = 3s, yi1 = 3pX; Y2 = 3py, i3 = 3pz for F-2 and yia = 35,
xis = 3pX, s = 3pY, iz = 3pz for F-3). The magnitude of contribution of various
AOs () in the formation of 17 MOs (¢ to ¢i7) is demonstrated in Table 1(d). A
close look at this Table 1(d) reflected that nine AOs (Ut X s X Yo i 03 Nios
xi7) have no contribution in the formation of 1¢ MO (¢y) as these have zero or
near zero coefficient values. And the rest eight AOs (xis Yo Yoo Yo Xios Yins Xis xis)
have their contribution in ¢,. By adopting same view the contributions AOs in ¢
to ¢1; MOs can be describe.

3.5. Role of Metal Orbital

The characteristics of transition metal (TM) elements are due to their d orbitals
of (n — 1) shell and s and p orbitals of n shell. When atom of TM elements form
compound they adopted either concept of bonded attraction and non-bonded
repulsion of VB (Valence Bond) theory, and or positive and negative overlap
populations of MO (Molecular Orbital) theory. In the first case they may undergo
various type of hybridization that depends upon the oxidation state of TM and
number and nature of combing atoms or ions, and in the second case formation
of molecular orbital by LCAO approximation. At first we have to examine the
extent of involvement of 4d, 5s and 5p AOs of Pt-1 in the formation of MOs in
platinum dihalides. For this, values of coefficient ‘Y of 5d.%, 5dxy, 5dxa, 68, 6pxs 6Py
and 6p, have been separately tabulated for each MO for each platinum halides
and are given in Table 2(a)-(d), respectively. The ‘y’ of non-bonding orbitals
5d,-y2(ys) and 5dy.(y) are excluded. To see the total involvement of seven AOs of
Pt-1 in twelve MOs (¢ — @), the coefficient value of each orbital has been added.
The five vacant MOs (¢ — ¢i7) are exempted here, as there is only 24e" to be filled
by Aufbau principle, Hund's rule and Pauli’s exclusion principle and thus we
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Table 2. (a) Coefficient values of 4dxy, 4dxz, 4dx? =y, &8, 5px, 5py, 5pz AOs of PGl (b) Coefficient values of Adxy, Adxz, Adx’ -
Y58 5P, Spy, Spz AOs of Pthiey (¢) Coefficlent values of Adxy, ddxz, 4dx? - y's 58, Spx, Spy, 5p2 AOs of Pl (d) Coefficient values
of Adxy, Adxz, 4dx? - ¥ 58, Spx, Spy, Spz AOs of Ptiy; (e) Summation values of vatlous AOs of halides of Pt(11),

(a)

S Sda Sdy 5d. 65 6ps 6p, 6ps
(Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1)
& ' 0.0360 0.0062 '0'.00(')-07 W 00704 0.0000 0.0000 0.0000
* 0.0000 0.0000 0.0000 0.0000 0.0312 0.0015 0.0000
& 0.1593 0.0274 0.0000 0.1786 0.0000 0.0000 0.0000
& 0.0000 0.4030 0.0001 0.0000 0.0000 0.0000 0.0000
& 0.0000 0.0001 0.4045 0.0000 0.0000 0.0000 0.0000
& 0.0000 0.0000 0.0000 0.0000 0.1299 0.0065 0.0000
& 0.0000 0.0000 0.0000 0.0000 0.0032 0.0649 0.0000
& 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0650
& 0.0000 0.0000 0.0497 0.0000 0.0000 0.0000 0.0000
#o 0.8660 0.0496 0.0000 0.0000 0.0000 0.0000 0.0000
Y 0.0000 0.0001 0.9195 0.0000 0.0000 0.0000 0.0000
8 0.0000 0.9161 0.0001 0.0000 0.0000 0.0000 0.0000
I- 10613 14025 13739 0.2490 01643 00729  0.0650
A“;_'m“'__«_;w'_-v_mm e (b )_ B - B
s (gfff ) (15>?-x1y ). (s:i-x; ) (P?-S 1) (sf.’]) (1365‘1 ) (:tF-)'l )
. B 00445 00013 00159 00841 00001 , 6‘0.000 o000
0.0000 0.0000 0.0000 0.0000 0.0425 0.0004 0.0043

& 0.2113 0.0063 0.0755 0.1732 0.0000 0.0000 0.0000
¢4 0.0010 0.5567 0.0054 0.0000 0.0000 0.0001 0.0000
& 0.0970 0.0069 0.5483 0.0000 0.0000 0.0000 0.0001
& 0.0000 0.0000 0.0000 0.0000 0.1455 0.0012 0.0147
& 0.0000 - 0.0001 0.0000 0.0000 0.0008 0.0608 0.0026
e 0.0000 0.0000 0.0001 0.0000 0.0061 0.0026 0.0605
& 0.0000 0.1005 0.0083 0.0000 0.0000 0.0000 0.0000
) 0.8573 0.0085 0.1000 0.0000 0.0000 0.0000 0.0000
o 0.0011 0.8286 0.0071 0.0000 0.0000 0.0001 0.0000
o 0.1443 0.0051 ' 0.8161 0.0000 0.0000 0.0000 0.0001
= 1.3565 1.5140 1.5767 0.2573 0.1950 ﬁ-»ﬁ(.)".})652 L 0.07823
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Continued
y o
MOs 5da 5y 5du 6s 6ps 6py 6ps
(Pr-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1)
& 00699  0.0021 0.0250 0.1194 " 0.0000 0.0000 0.0000
& 0.0000 0.0000 0.0000 0.0000 0.0612 0.0005 0.0062
& 0.2289 0.0068 0.0818 0.1678 0.0000 0.0000 0.0000
M 0.1116 0.1065 0.6314 0.0000 0.0000 0.0000 0.0000
s 0.0184 0.6408 0.1033 0.0000 0.0000 0.0000 0.0000
& 0.0000 0.0000 0.0000 0.0000 0.1535 0.0013 0.0155
¢ 0.0000 0.0000 0.0000 0.0000 0.0055 0.0078 0.0549
'S 0.0000 0.0000 0.0000 0.0000 0.0012 0.0552 0.0078
"N 0.0000 0.1005 0.0083 0.0000 0.0000 0.0000 0.0000
$o 0.8573 0.0085 0.1000 0.0000 0.0000 0.0000 0.0000
é 0.0145 0.7518 0.0811 0.0000 0.0000 0.0000 0.0000
o 0.1310 0.0843 0.7407 0.0000 0.0000 0.0000 ~ 0.0000
= 14316 17013 17716 02872 02214 0.0648 00844
(d)
MOs 5d.. 5d,y 5ds, 6s 6px 6py 6p.
(Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1)
& 0.0153 0.0005 0.0055 0.0229 0.0000 0.0000 0.0000
* 0.0000 0.0000 0.0000 0.0000 0.0024 0.0000 0.0002
* 0.0824 0.0024 0.0294 0.0751 0.0000 0.0000 0.0000
s 0.0168 0.0060 0.0950 0.0000 0.0000 0.0000 0.0000
& 0.0011 0.0965 0.0061 0.0000 0.0000 0.0000 0.0000
& 0.0000 0.0000 0.0000 0.0000 0.0470 0.0004 0.0048
¢ 0.0000 0.0000 0.0000 0.0000 0.0032 0.0012 0.0188
& 0.0000 0.0000 0.0000 0.0000 0.0000 0.0188 0.0012
& 0.0000 0.1005 0.0083 0.0000 0.0000 0.0000 0.0000
o 0.8573 - 0.0085 0.1000 0.0000 0.0000 0.0000 0.0000
Y 0.0108 0.9902 0.0620 0.0000 0.0000 0.0000 0.0000
i 0.1724 0.0604 0.9751 0.0000 0.0000 0.0000 0.0000
y= L1561 12650 1.2814 0.0980 0.0526 0.0204 00250
i AO PH(11)Cl, Pt(II)Br, PH(ID Pt(I1)F2
5du 1.0613 1.3565 1.4316 1.1561
Z5dy 1.4025 1.5140 1.7013 1.2650
25ds 1.3739 1.5767 1.7716 1.2814
L6s 0.2490 0.2573 0.2872 0.0980
Z6ps 0.1643 0.1950 0.2214 0.0526
Z6py 0.0729 0.0652 0.0648 0.0204
Z6p: 0.0650 0.0823 - 0.0844 0.0250
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considered only twelve MOs among seventeen MOs, The summmation values of
AOs in these twelve MOs have been placed at the bottom of each table (‘Table
2(a)-(d)), which clearly reflects maximum involvement is of 5d orbital, Next to
this is 5s orbital. It is also predicted from the summation values of d orbital, The
non-bonding orbitals must have lowest summation values (Zdx” -y’ = 0.9656 and
Xdyz = 1.0646 in PtCly, Zdx? - y* = 1.2117 and EZdyz = 1.1479in PtBr,, Zdx’ - ¢’
1.2141 and Edyz = 1.1467 in Ptl; and Zdx? - y? = 0.8010 and Zdyz = 1.1210 in
PtF,). The involvement of three p orbitals are negligible as their summation values
are very low in comparison to d orbital and considerably low with respect to s
orbital.

From Table 2(e) and Figure 5, it is evident that the involvement of 5p orbital
in Pt-X bond is insignificant and the main role is played by ‘ns’ and (n - 1)d or-
bital. It was Landis, who discovered sd"-hybridization (n = 1 to 5) along with mo-
lecular shape and bond angles in his seminal publications. Further, he also ex-
plained co-relationship between sd"-hybridization and its bond angle by plotting
a graph between energy and bond angle as shown in Figure 6. This figure reflected
that bond angle has two minima one below 90° and one above 90°. This is because
the energy curves are function of the bond angles. The bond angles as presented
in Figure 1 that also hold up Landis concept sd" hybridization when n = 1. Landis
recommended that transition metals in their valency shell can accommodate only
12e” (10e” in five (n — 1)d orbitals and 2e” in one ns-orbital). The 18e~ can be in
their valency shell (10e” in five (n — 1)d orbitals, 2e in one ns-orbital and 6e- in
three np orbitals). Further, a close look at the Table 2(e) and right side of the
curves of Figure 1 clearly demonstrated that the summation values are highest in
case of iodide and lowest in chloride. This is due to cloud expending of halides.
For a given metal ion, the ability of ligands to induce this cloud expending in-
creases according to nephelauxetic series: F- < H,0O < NH; < en < ox < SCN < CI-
< CN~ < Br™ <I". Thus, iodide produces greater cloud expanding effect than bro-
mide, which inturn produces higher than chloride in platinum diiodide, platinum
dibromide and platinum dichloride, respectively. In other words the effective pos-
itive charge on Pt(1I) is reduced greater by iodide and lesser by chloride. This re-
sult is in good agreement with nephelauxetic series of ligands [43]. This effect can
further be related with difference in energy level of ns and np orbitals. These two
orbitals differ in energy significantly. The energy difference At in s and p orbitals
of chloride, bromide and iodide are not same. The s and p orbitals in iodide are
close as compared to s and p orbitals of bromide and chloride, as shown below.

Energy (eV) F Cl Br 1
& -1.4699 -0.9665 -0.8110 -0.6615
€ -0.6651 -0.5218 -0.4814 -0.4867

Agsp -0.8048 -0.4447 -0.3296 -0.1748
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Figure 6. Plot between energy and bond angle(A) for sd-hybridization.

lodide, in which s and p orbitals are much close causes greater nephelauxetic

effect and thus increases the covalent bond character in the molecule. Percentage
of ionic and covalent bond character of PtCl,, PtBr, and Ptl, has been calculated

by solving equation “% ionic character = 16 x Ay + 3.5 x (A})*”, and results are

shown below:

Compound PtF, PtCl. PtBr: Ptl:
% lonic Character 37.32 16.79 12.50 6.59
% Covalent Character 62.69 83.21 87.50 9341
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The result is n good agreement with experiment results that covalent character

increases in the orders Py = Ptivey = 1MGH = Py,

3.6, Overlap Population Analysis

The shape of each MO (¢ = $i7) has been determined by the relative magnitudes
and signs of the different coefficients [38]. For this the Pt(11)X; has been decom

posed into three parts: Pt-1, X = 1 and X - 2, and the MO of the complete systemn
has been obtained by allowing the orbitals of Pt = 1 (5d, 6s, 6p), X = I (ns and np)
and X - 2 (ns and np) to overlap. The possible overlaps between the various AOs
of platinum (Pt — 1) and halogens (X - 2 and X - 2) in cach MO will be 88, as
describes. To solve Equation (3) for these 88 overlapsin MOs of platinum dihalides,
we need eigenvector values (¢, and ¢, ), values of overlap matrix (S, ) and
number of electrons ( n, ) in each MO. The eigenvector and overlap integral values
for platinum dihalides have been taken from Table 1(a)-(d) and Table 3(a)-(d),
respectively. The number of electrons is taken as two for @, to ¢, and zero for @i

Table 3. (a) Overlap matrix or overlap integrals values (S«) of various overlaps of atomic orbitals of constituent atoms in PtCls: (b)
Overlap matrix or overlap integrals values (S») of various overlaps of atomic orbitals of constituent atoms in PtBry; (c) Overlap
matrix or overlap integrals values (Sx) of various overlaps of atomic orbitals of constituent atoms in Ptly; (d) Overlap matrix or
overlap integrals values (S.) of various overlaps of atomic orbitals of constituent atoms in PtF..

(a)
6s 6px  6py  6pz 5dx*-y? 5dz? S5dxy 5dxz S5dyz  3s 3px  3py 3pz 3s 3px  3py 3pz
(Cl-2) (Cl-2) (Cl-2) (Cl-2) (CI-3) (CI-3) (CI-3) (CI-3)

(Pt-1) (Pt-1) (Pt-1) (Pt-1)  (Pt-1)  (Pt-1) (Pt-1) (Pt-1) (Pt-1)

6s (Pt-1)  1.0000
6px (Pt-1)  0.0000 1.0000
6py (P1-1)  0.0000 0.0000 1.0000
6pz (Pt-1)  0.0000 0.0000 0.0000 1.0000
5dx’ — y? (Pt-1) 0.0000 0.0000 0.0000 0.0000  1.0000
5dz* (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
5dxy (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
5dxz (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
Sdyz (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
3s(Cl-2)  0.1923 0.2789 0.0139 0.0000 0.0825 -—0.0479 0.0082 0.0000 0.0000 1.0000
3px (Cl-2) —0.3085-0.3783-0.0257 0.0000 ~0.1183 0.0688 ~0.0156 0.0000 0.0000 0.0000 1.0000
3py (Cl-2) -0.0153-0.0257 0.1367 0.0000 ~-0.0134 0.0034 0.0750 0.0000 0.0000 0.0000 0.0000 1.0000
3pz (Cl-2)  0.0000 0.0000 0.0000 0.1380 0.0000 0.0000 0.0000 0.0760 0.0038 0.0000 0.0000 0.0000 1.0000
35(Cl-3)  0.1922 -0.2788-0.0139 0.0000 0.0825 =0.0479 0.0082 0.0000 0.0000 0.0003 -0.0021-0.0001 0.0000 1.0000
3px(C1-3)  0.3085 ~0.3783-00257 0.0000 0.1182 -0.0688 0.0156 0.0000 0.0000 0.0021 ~0.0088-0.0005 0.0000 0.0000 1.0000
3py (C13)  0.0153 —0.0257 0.1367 0.0000 00134 ~-0.0034-0.0750 0.0000 0.0000 0.0001 -0.0005 0.0009 0.0000 0.0000 0.0000 1.0000

3p7 (CI-3) 00000 0.0000 0.0000 0.1380 0.0000 0.0000 0.0000 ~0,0760-0.0038 0.0000 0.0000 0.0000 0.0009 0.0000 0.0000 0.0000 1.0000
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Continued
(b)

03 epx  6py  6pz  Sdxi-y' S5dzt  5dxy  Sdxz sdyz  4s  4px  4py 4Pt 45 dpx  Apy  Apz

AOs
(Br-2) (Br-3) (Br-3) (Br-3) (Br-3)

(PL1)  (P1) (PL1) (Pe1)  (Pe) (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Br-2) (Br-2) (Br-2)
o) - U st
6px (Pt-1)  0.0000 1.0000
6py (Pt-1)  0.0000 0.0000 1.0000
6pz (Pt-1)  0.0000 0.0000 0.0000 1.0000
5dx? - y* (Pt-1) 0.0000 0.0000 0.0000 0.0000 1.0000
5dz (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
5dxy (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
5dxz (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
5dyz (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
4s (Br-2) 0.1612 0.2376 -0.0020-0.0240 0.0691 ~0.0391-0.0012-0.0140 0.0001 1.0000
4px (Br-2) -0.2686-0.3511 0.0038 0.0463 -0.1101 0.0616 0.0023 0.0282 -0.0003 0.0000 1.0000
4py (Br-2)  0.0022 0.0038 0.1066 —0.0004 0.0019 —0.0005 0.0589 —0.0003-0.0059 0.0000 0.0000 1.0000
4pz (Br-2)  0.0271 0.0463 -0.0004 0.1019 0.0171 -0.0165-0.0003 0.0554 —0.0005 0.0000 0.0000 0.0000 1.0000
4s (Br-3) 0.1615 —0.2380 0.0020 0.0241  0.0692 ~0.0392-0.0012-0.0140 0.0001 0.0001 —0.0006 0.0000 0.0001 1.0000

4px (Br-3)  0.2689 -0.3514 0.0038 0.0463 0.1103 ~0.0617-0.0023-0.0283 0.0003 0.0006 ~0.0028 0.0000 0.0003 0.0000 1.0000

4py (Br-3) -0.0023 0.0038 0.1068 —0.0004 -0.0019 0.0005 —0.0590 0.0003 0.0060 0.0000 0.0000 0.0002 0.0000 0.0000 0.0000 1.0000

~0.0171 0.0166 0.0003 —0.0556 0.0005 —0.0001 0.0003 0.0000 0.0002 0.0000 0.0000 0.0000 1.0000

4pz (Br-3) -0.0272 0.0463 —0.0004 0.1021

5dx?-y? 5dz2 S5dxy 5dxz 5dyz 5s S5px  5py  5pz 5s 5px Spy  5pz

6s 6px 7 6py 6pz
Aob - e
(Pt-1) (P-1) (Pt-1) (Pt-1) (Pt-1)  (Pt-1) (Pt-1) (Pt-1) (pt-1) (1) (1) (1-2) (1-2) (1-3)  (1-3)  (1-3)  (1-3)

Tes(Pil) 1.0000
6px (Pt-1)  0.0000 1.0000
6py (PL-1)  0.0000 0.0000 1.0000
6pz (Pt-1)  0.0000 0.0000 0.0000 1.0000
5dx — y? (Pt-1) 0.0000 0.0000 0.0000 0.0000 1.0000
5dz? (Pt-1)  0.0000 0.0000 0.0000 0.0000 0.0000  1.0000
Sdxy (Pt-1)  0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 1.0000
sdxz (P1-1)  0.0000 0.0000 0.0000 0.0000 ~0.0000 0.0000 0.0000 1.0000
Sdyz (P-1)  0.0000 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000 0.0000 1.0000
s5s(1-2)  0.1516 0.2190 —0.0018-0.0221 0.0611 ~0.0346-0.0010-0.0123 0.0001 1.0000

Spx (1-2) ~0.2549-0.3361 0.0036 0.0431 -0.0999 0.0559 0.0021 0.0251 -0.0003 0.0000 1.0000
spy (I-2)  0.0021 0.0036 0.0906 —0.0004 0.0016 -0.0005 0.0484 -0.0003-0.0049 0.0000 0.0000 1.0000
spz (1-2) 0.0258 0.0431 —0.0004 0.0863  0.0150 ~0.0141-0.0003 0.0454 ~0.0004 0.0000 0.0000 0.0000 1.0000

5s (1-3) 0.1515 -0.2190 0.0018 0.0221  0.0611 —0.0345-0.0010-0.0123 0.0001 0.0001 —0.0005 0.0000 0.0000 1.0000
spx (I-3)  0.2549 -0.3360 0.0036 0.0431 0.0999 -0.0559-0.0021-0.0251 0.0003 0.0005 ~0.0019 0.0000 0.0002 0.0000 1.0000
Spy (I-3)  -0.0021 0.0036 0.0906 —0.0004 —-0.0016 0.0005 —0.0484 0.0003 0.0049 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 1.0000

Spz(1-3)  -0.0258 0.0431 ~0.0004 0.0863 -0.0150 0.0141 0.0003 —0.0454 0.0004 0.0000 0.0002 0.0000 0.0001 0.0000 0.0000 0.0000 1.0000
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Continued

AOs

os (Pr-1)
opx (Pt-1)
6py (Pt-1)

6pz (Pt-1)

5dx? - y? (Pt-1) 0.0000 0.0000

5dz* (Pt-1)
5dxy (Pt-1)
5dxz (Pt-1)
5dyz (Pt-1)
2s (F-2)
2px (F-2)
2py (F-2)
2pz (F-2)
2s (F-3)
2px (F-3)
2py (F-3)

2pz (F-3)

A K. Sonietal

(d)

6 6px 6py 6pz  Sdx!-y? Sdz!  S5dxy S5dxz  S5dyz 25 2px 2py 2pr Js 2px 2py 2pr
(P1) (P1) (Pr1)  (Pl)  (Pt-1)  (Pt-1) (Pt-1) (Pt-1) (Pt-1) (F-2) (F-2) (F-2) (F-2) (F3) (F3) (F3) (F3)
1.0000 7 o - -

0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 1.0000
0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
0.1701 0.2642 -0.0022-0.0267 0.0876 -0.0495-0.0015-0.0177 0.0001 1.0000
-0.1400-0.2106 0.0023 0.0280 -0.0901 0.0505 0.0019 0.0227 -0.0002 0.0000 1.0000
0.0012 0.0023 0.0669 —0.0002 0.0015 -0.0004 0.0442 —0.0002-0.0045 0.0000 0.0000 1.0000
0.0141 0.0280 -0.0002 0.0641 0.0136 -0.0128-0.0002 0.0414 -0.0003 0.0000 0.0000 0.0000 1.0000
0.1701 -0.2641 0.0022 0.0267 0.0876 -0.0495-0.0015-0.0177 0.0001 0.0000 0.0000 0.0000 0.0000 1.0000
0.1400 -0.2106 0.0023 0.0281 0.0901 -0.0505-0.0019-0.0227 0.0002 0.0000 —0.000! 0.0000 0.0000 0.0000 1.0000
—-0.0012 0.0023 0.0669 —0.0002 -0.0015 0.0004 —0.0442 0.0002 0.0045 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000
—-0.0142 0.0281 -0.0002 0.0641 -0.0136 0.0128 0.0002 -0.0414 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000

to @7 Finally, Equation (3) has been solved for twelve MOs with respect to each
halide. In order to get a precise description, the sums of overlap population for
the eleven MOs of platinum halides have also been worked out and results are
presented in Table 4(a)-(d). As can be seen from the table that among the twelve
molecular orbital, eight are bonding, two are nonbonding and two are antibond-
ing. The bonding molecular orbitals are ¢, — ¢. The nonbonding molecular or-
bital are ¢ and ¢\o, which are purely two d atomic orbitals of platinum namely dx?
- y*and dyz. The antibonding molecular orbital are ¢\, — ¢i.. A comparative study
of Table 4(a)-(d) reflected that in all cases the non-bonding electrons are present
in 9" and 10" molecular orbitals. Further, similarity in positions of nonbonding
molecular orbitals prompted us to examine the eigenvalues of Pt*? ion and to com-
pare them with the eigenvalues of the halides. The eigenvalues of the molecular
orbitals of all the halides are included in Table 5, which shows that nonbonding

orbitals are degenerate in all the cases.
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Table 4. (1) Quantitative and qualitative nature of occupled molecular orbitals of platinum

dichloride; (b) Quantitative and qualitative nature of occupied molecular orbitals of plati-
num dibromide; () Quantitative and qualitative nature of occupied molecular orbitals of
platinum diiodide; (d) Quantitative and qualitative nature of occupied molecular orbitals

of platinum difluoride.

(a)

MONo. S sign MO
, ¢| T e . T
3 0.0236 + BMO
s 0.0022 + EME
& 0.0753 + BMO
& 0.0753 + BMO
Py 0.1168 + BMO
P 0.0259 + BMO
M 0.0259 + BMO
'y 0.0000 0 NBO
o 0.0000 0 NBO
$n -0.0997 . ABMO
e -0.0992 : ABMO

s [
MO No. Tnr-si Sign MOs
~ ¢. - == == .

6 0.0277 + BMO
& 0.1901 + BMO
& 0.0734 + BMO
& 0.0733 + BMO
& 0.1273 + BMO
pe 0.0184 + BMO
* 0.0184 + BMO
& 0.0000 0 NBO
o 0.0000 0 NBO
o -0.0877 - ABMO
2 -0.0877 - ABMO
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Continued
(c)

MO No. Lir-wi Sign MOs
# 0.0788 t BMO
[ 0.0367 + BMO
& 0.1632 + BMO
[N » 0.0641 + BM().
[ 0.0641 + BMO
& 0.1280 + BMO
& 0.0143 + BMO
[ 0.0143 + BMO
& 0.0000 0 NBO
o 0.0000 0 NBO
hn -0.0737 - ABMO
o —-0.0738 - ABMO

(d)

MONO S Zn,_“ sign : "
h 0.0198 + - ‘BiMéi
@2 -0.0016 + ABMO
& 0.0720 + BMO
A 0.0121 + BMO
& 0.0121 + BMO
@s 0.0275 + BMO
& 0.0035 + BMO
[ 0.0036 + BMO
s 0.0000 0 NBO
o 0.0000 0 NBO
M -0.0200 - ABMO
{33 -0.0200 - ABMO

MOs is molecular orbitals, BMO is bonding molecular orbital, ABMO is antibonding mo-
lecular orbital and NBO is nonbonding molecular orbitals.
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Table 5. Energy (eV) of all the seventeen molecular orbitals of PtXa,

MO No. PtCl, PtBr; ptl, ’ PtE;
- ’“‘l"" *"‘““'“_’697—27 -08 i‘80 H -0.6717 -1.4716
2 -0.9670 -0.8121 -0.6632 -1.4699
3 -0.5654 -0.5300 -0.5150 -0.6767
4 -0.5377 -0.5008 -0.4872 -0.6671
5 -0.5377 -0.5008 -0.4872 -0.6671
6 -0.5265 -0.4891 -0.4749 —-0.6664
7 -0.5236 -0.4825 -0.4676 -0.6653
8 -0.5236 —-0.4825 —-0.4676 —-0.6653
9 -0.4627 -0.4627 —-0.4627 -0.4627
10° -0.4627 -0.4627 -0.4627 -0.4627
11 -0.4378 -0.4382 —-0.4388 -0.4573
12 -0.4378 -0.4382 —-0.4388 -0.4573
13 -0.4358 -0.4311 -0.4317 -0.4320
14 -0.1784 —-0.1882 -0.1920 -0.1952
15 -0.1784 -0.1882 -0.1920 -0.1952
16 0.0366 —-0.0863 -0.1277 —-0.1682
17 0.3443 0.1528 0.0768 0.1074

4The energy nonbonding molecular orbitals are —0.4627, which is equivalent to the energy
of degenerate d atomic orbitals (-0.4627 eV).

3.7. Molecular Orbital Diagram of Pt(II) Halides

In order to demonstrate the energy levels of different molecular orbitals, the po-
sition of nonbonding molecular orbitals and the magnitude of splitting of d orbit-
als, more precisely the molecular orbital diagram has been drawn separately for
the four halides as Figures 7-10, respectively. The molecular orbital diagram is
important in the sense that energy of each molecular orbital is shown which at a
glance provides information about the difference in energies of various molecular
orbitals and explains various properties of the molecule.

4. Conclusions

(i) The involvement of three p atomic orbitals is negligible as their summation
values are very low in comparison to d orbital and considerably low with respect
to s orbital. From Table 2(e) and Figure 5, it is evident that the involvement of 5p
orbital in Pt-X bond is insignificant and the main role is played by “ns” and (n -
1)d orbital. Figure 6 reflected that bond angle has two minima one below 90° and
one above 90°. The study well supported the Landis concepts of sd"-hybridation
(here n = 1) as bond angle and contributions of s-orbital and d-orbital of Pt(1I)
are maximum with negligible contribution of p-orbitals.
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(1) 'These halides also support the cloud-expanding effect with experimental
data and also follow the nephelauxetic effect. Table 2(¢) and right side of the
curves of Plgure 5 clearly demonstrate that the summation values are highest in
case of fodide and lowest in chloride (fluoride). This is due to cloud expending of
halides. Thus, iodide produces greater cloud expanding effect than bromide,
which inturn produces higher than chloride in platinum diiodide, platinum di-
bromide and platinum dichloride (platinum difluoride), respectively. In other
words, the effective positive charge on Pt(II) is reduced greater by iodide and
lesser by chloride (fluoride). This result is in good agreement with nephelauxetic
series of ligands. This effect can further be related with difference in energy level
of ns and np orbitals, These two orbitals differ in energy significantly. lodide, in
which s and p orbitals are much closer, causes greater nephelauxetic effect and
thus increases the covalent bond character in the molecule. The result is in good
agreement with experiment results that covalent character increases in the order:
Ptl, > PtBr, > PtCl; > PtF,.

(iii) This study of atomistic details of halides of Pt(11) compounds and construc-
tion of molecular orbital diagram (Figures 6-10) that at a glance provide an in-
sight of electronic behavior.

(iv) The study will help to fine tune the existing complexes of these halides.
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Abstract
Recently, we have studied electronic structure of platinum dihalides (Pt(I1)X3). Here,

atomic orbitaland molecular orbital analysis along with spectroscopic studies have been made
1o see electronic structure of cisplatin (cis-[Pt(NH3)2Cl2]).CAChe Pro software of Fujitsu and
Gaussian-03 software have been used to obtain minimum energy structure. For this cisplatin

has opted with EHT (for population analysis) and DFT (for spectroscopic

analysis).Summation values of coeffient of AOsreflected sd’-hybridization and thus
supported Landis concept of sd"-hybridization, where n = 3. Sum of overlap population used
to characterizethe fourteen MOs (as there are 28¢") into BMOs, ABMO and NBMOs.UV-
spectrum of cisplatin shows one absorption band at 3.9845eV with peak corresponded to

311.16nm of oscillator strength (0.0014).IR-spectrum analysis shows27 normal vibrations.

Key words:Cisplatin, Mulliken population analysis, sd*-hybridization, UV-spectrum and IR-

spectrum



1. Introduction: - -
activity of cisplatin, ie.cis-

L out the biological

It was Rosenberg, who accidently find: |
cyrone in 1844 (2]. The anti-

Actually 1t was synthesized by I

[PUNTHOCL] 1065 |1
ex (el PUNTTCL] and [PHemClz]) and octahedral

mor activity of square planat complex
(NTHOCly) and [PUemCl]) o
A1210) cells were also discovered
inhibition of DNA synthesis i

anticancer drug but it is still
[8] in humans. The activity of cis-

iinst sarcoma-180 (in mice) and against

complenes (cis-[ M
flarder and

by Rosenberg (3]
n vitro by cis-[l’t(NH;);(fl;] below

used for treatment of

murine  leukemia (1
Rosenberg reported selective
SuM 4], Cisplatin was launched in 1978 as

testicular [5]. ovarian [6], bladder [7] and neck cancers

reactions replacing the halides. The

[PUNH1),Cly] against tumor is associated with

ave features in common that may aid us in understanding

effectiveantitumor compounds h
These agents usually have two exchangeable

their interaction with biological systems [9]
ligands in cis positions. These complexes are bifunctional reagents that may undergo
nucleophilic substitution at two cis positions (scheme 1), which assumes monomeric species
and preservation of the cis configuration thermodynamically [10]. Prediction of atomic,

molecular. electronic structure along with spectroscopic characteristic of metal complexes

have always been challenging for computational chemists.

2. Materials and Methods:
h work, atomic, molecular orbitals and spectroscopic analysis has been

itative atomic orbital (AO) and

In this researc
made to see electronic structure of cisplatin. Firstly a quant
molecular orbital (MO) treatment have also been made on above species to study (i)
involvement of metal (n-1)d-, ns-and np-orbitals in hybridizations and its type that has been
used to get information related to shape (bond angle) and size (bond length) [11]; (ii)
contribution of various AOs in the construction of MOs through LCAO approximation using
valuesof eigenvector and overlap matrix[12] and (iii) nature of MOs by distinguishing them
in to bonding, nonbonding and antibonding MO through population analysis [13].The
adopted methods for various calculations of above species are based on Mulliken’s
population analysis,which has been well described in our recent publications [14]. After that
UV-Vis and IR spectroscopic analysis have also been made [15].CAChePro software of
Fujitsu [16)Jand Gaussian-03 software [17] have been used to obtain minimum energy

structure, For this cisplatin has opted with EHT [18] and DFT methods [19].

3. Results and Discussion:

[11111!1‘1'.'...&-‘-‘,&A4



The molecular orbitals of cisplatin are formed by lincar combination of 9 orbitals

from platinum, 4 orbitals of each nitrogen, 4 orbitals of each halogen and 1 orbital from cach

hydrogen as given below:

Pt-1 = 6s. 6px. 6py, Opz, Sdx2-y2, 5d72. 5dxy, 5dxz, 5dyz= 9

N-2 =2s, 2px, 2py, 2pz =4
N-3 = 2s, 2px, 2py, 2pz =4
H-4 =1s =1
H-5 =l1s =1
H-6 =1s | =1
H-7 =ls =1
H-8 =ls =1
H-9 =l1s =1
CI-10 = 3s, 3px, 3py, 3pz =4

=4

CI-11 = 3s, 3px, 3py, 3pz
Total = 31
In total thirty one atomic orbital (AOs) are involved in the formation of thirty one
molecular orbitals (MOs). But here we discuss only seventeen MOs of one Pt**(9MOs) and
2CI" (2x4MOs), because we have to see the effect of cisplatin (eq. 1 and 2) formation on
these orbitals. The fourteen MOs of ligands 2NH3(2x7) are kept out of discussion (eq. 2). The
AOs are represented by ‘x’ and MOs by ‘¢". Here x; to xo are AOs of Pt and remaining eight
AOs of two Cl by 24 t0 %31 viz. , 31 (68), x2 (6pX), %3 (6py), ¥a (6p2), %5 (5dx2-y2), % (5dz2).
1 (5dxy), 15 (5dx2), %o (5dy2), %24 (35), 725 (BPX). %26 (3PY)s X7 (3P2). Y28 (35). %20 (3PX)- 30

(3py). and x31 (3pz). The form of the seventeen MOs i.e., the magnitude of contribution of

various thirty one AOs in the formation of seventeen MOsis demonstrated by ¢, - ¢17 as

described below.

10,0031 1 +0.0247 2 -0.0014 %3 +0.0004 ;+0.0013 x5 +0.0113 75 -0.0003 7 +0.0000
45 +0.0048 %o -0.0408 Y24 -0.0023 %25 -0.0028 126 +0.0006 727 -0.0386 724 -0.0017 129

+0.0032 %30-0.0006 x31
b = +0.0000 x, +0.0018 y2+0.0282 3-0.0061 x4 -0.0025 x5 +0.0001 y6-0.0185 %7+0.0039

45-0.0006 %9 -0.0353 %24 -0.0086 %25 +0.0040 726 -0.0012 127 +0.0339 125 +0.0090 729
+0.0026 y30-0.0010 %31

o1 =

o - -0.0414 %, +0.0102 x2-0.0007 33 +0.0001 74 +0.0009 s +0.0178 %6 -0.0002 7 +0.0002
45 +0.0089 %9-0.6966 24 +0.0047 325 +0.0010 %26 -0.0003 7127 -0.6987 725 +0.0045 20 -
0.0016 X30 0.0004 p.&1}

s - 0.0000 x +0.0010 72 +0.0139 %3-0.0035 x4 -0.0055 x5 +0.0002 %6 -0.0377 17 +0.0097

15 -0.0012 39 +0.7038 724 0.0024 725 +0.0084 726 -0.0022 27 -0.7020 x5 +0.0035 320
+0.0080 X30 -0.0021 xX31




be - 0.0044 5 -0.0028 52-10.0005 73 -0.0001 74 +0.0723 5 +0.0022 75-0.0089 7% il
x5 10,0185 2010.0148 321 -0.0879 225 -0.0144 226 +0.0053 727 +0.0120 228 -0.0732 319
£0.0226 %30 -0.0082 3

o -0.0001 ;ﬁ-o.()()m ;ZC -I().()()()S 13 -0.0004 51 +0.0025 %s +0.0004 %, -0.0116 %7 -0.0439
5 -0.0003 70 -0.0021 x24 +0.0090 725 +0.0000 %26 -0.0078 727 +0.0030 724 -0.0146 729
£0.0035 %30 -0.0082 xa1

b5 £0.0006 ~b-().()0()6x)(2 £0.0002 3 +0.0000 %5 +0.0065 s +0.0150 % A0 S0 =
0.0007 xg -0.0485 9 -0.0013 %24 +0.0071 725 -0.0001 %20 -0.0135 727 -0.0049 72
+0.0246 129 -0.0037 %30 +0.0189 x31

& 20.0000 ;((f 20.0001 xf +0.0022 xﬁo.ooos 14 +0.0008 x5 -0.0003 % +0.0125 77 -0.0062
s +0.0047 75-+0.0151 524 -0.0809 y25 -0.0037 26 +0.0043 %27 -0.0130 725 +0.0700 729~
0.0103 y30 +0.0049 3,

B0 - -0.2285 x5 0.0095 12-0.0007 3 +0.0001 y4-0.0129 5 +0.1983 75 +0.0002 77 +0.0004
15 +0.0830 %9 +0.0582 %24 -0.2540 725 +0.4471 326 -0.1179 027 +0.0584 %28 -0.3201 129
0.4053 330 +0.1102 73,

b0 = -0.0002 x; +0.0004 52 +0.0072 y3-0.0032 4 -0.0667 x5 +0.0035 %6 -0.4884 77 +0.1179
758 -0.0154 79 -0.0315 724 +0.3166 725 -0.3364 %26 +0.0861 27 +0.0314 y28-0.3733 29 -
0.2774 %30+0.0751 3,

o1 = -0.0499 y;-0.0503 %3 +0.0045 3 -0.0008 x4 +0.2047 % +0.0568 y5-0.0235 %7 +0.0039
15 +0.0673 70 -0.0049 x4 -0.4321 xa5 -0.4140 326 +0.0943 %27 -0.0050 228 -0.3716 729
+0.4838 %30 -0.1036 %3

012 - +0.0003 %, +0.0003 7, +0.0088 x3+0.0337 y4-0.0047 y5-0.0057 %6 -0.0475 y7-0.1928
15 +0.0136 10 +0.0001 %24 +0.0042 %25 +0.1744 %26 +0.6619 %27 -0.0001 %28 +0.0047 312
+0.1704 %30 +0.6587 %31

13 = +0.0007 x +0.0091 y,+0.1143 x3-0.0264 x4 +0.0127 y5-0.0007 x5 +0.1100 77-0.0106
18 +0.0007 39 -0.0092 724 +0.4776 %25 -0.0380 726 +0.0059 27 +0.0096 %25-0.4750 320
+0.0234 y30+0.0038 y3

ra - +0.0023 x-0.0026 x2-0.0006 x3+0.0002 x4 +0.0460 xs+0.0929 75-0.0040 77 -0.0164
18 -0.1961 %9 -0.0003 24 +0.0225 x5 -0.1648 %26 -0.6613 %27 -0.0004 28 +0.0327 %29
+0.1642 30 +0.6653 y31

15 - +0.0389 11 +0.1216 %2-0.0097 33 +0.0023 x4 +0.0880 x5-0.1168 x5-0.0104 x+0.0042
75 -0.0156 %9 +0.0022 y24-0.4134 725 +0.1078 x26 -0.0565 727 +0.0022 %25 -0.4273 %29 -
0.0288 330+0.0401 x3,

16 - 0.0001 5 +0.0062 7,+0.0621 x3-0.0141 %4 +0.0019 ¥5-0.0013 +0.0199 x;+0.0055
%5 +0.0005 79 +0.0024 y24-0.3509 x25 -0.5485 726+0.1439 %27-0.0025 %25 +0.2486 729 -
0.5891 y30+0.1558 %31

017 - +0.0011 % -0.0007 x» -0.0022 3 +0.0152 x4 +0.0128 x5 +0.0317 75 +0.2237 35

10.9513 75 -0.0622 %9 -0.0009 724 -0.0044 155 +0.0487 726 +0.1590 %27 +0.0011 %og
+0.0071 320 +0.0501 130 +0.1586 731

Here the coefficient of % is the eigenvector (taken from Table-1). The remaining fourteen
MOs. ¢1s-031, kept out of discussion as these remaining MOs have been formed by fourteen
AOs of two NH; molecules as neutral ligands following eq. 1 and eq. 2, respectively. Eq.
Irepresents formation of molecular compound PtCly, whichin eq. 2complexes with 2NH;

ligands and thus cisplain is formed. Hence only seventeen MOs have been considered here.

P +2CI' —PtCl, eq.1
PtCly+ 2NH3— cis-[Pt(NH3)2Cl;] eq.2




Whenplatinum forms compoundsit adopted cither concept of bonded attraction and
non-bonded repulsion of VB (Valence Bond) theory, and or positive and negative overlap
populations of MO (Molccular Orbital) theory [13]. In the first case platinum may undergocs
various type of hybridization that depends upon its oxidation state, and number and nature of
combing atoms or ions [11], and in the second case platinum forms molecular orbital by
LCAO approximation [20]. In cisplatin, platinum acquires +2 oxidation statc that may
neutralized by two chloride ion (2CI°), while two neutral ammine ligands (2NH;) complex
through coordinate bonds by donating two pairs of its lone pair of electrons. At first we have
to examine the extent of involvement of 5d, 6s and 6p AOs of Pt-1 in the formation of MOs
incis-[Pt(NH3),Cly]. For this, values of coefficient ‘¢’ of 5d, 6s and 6p of platinum metal have
been tabulated in Table 2. To see the total involvement of seven AOs of Pt-1 in fourteen MOs
(91-¢14), the coefficient value of each orbital has been added. The rest vacant MOs arc
exempted here, as there is only 28¢” to be filled by Aufbau principle, Hund’s rule and Pauli’s
exclusion principle as described in our previous publication [14] and thus we considered only
these MOs among seventeen MOs.The summation values of AOs in these fourtcen MOs have
been placed same table, which clearly reflects maximum involvement is of 5d orbital. Next to
this is 6s orbital. It is also predicted from the summation values of d orbital. The non-bonding
orbital i.e. 5dxzmust have lowest summation value which is 0.0251.The involvement of three
p orbitals are negligible as their summation values are very low in comparison to d orbital
and considerably low with respect to s orbital (0.3315). From Table 2 and figure 1, it is
evident that the involvement of 6p orbital in Pt—L bond in cis-[Pt(NH3),Cl] is insignificant
and the main role is played by ‘ns’ and (n-1)d orbital. It was Landis, who discovered sd"-
hybridization (here n = 3) along with molecular shape and bond angles in his seminal
publications [21].

The shape of each MO (¢,-¢,7) has been determined by the relative magnitudes and
signs of the different coefficients. For this cis-[Pt(NH3),Cl;] has been decomposed into three
parts: Pt-1, X-1 and X-2, and the MO of the complete system has been obtained by allowing
the orbitals of Pt-1 (5d, 6s, 6p), X-1 (ns and np) and X-2 (ns and np) to overlap. The possible
overlaps between the various AOs of ruthenium (Pt-1) and halogens (X-2 and X-2) in each
MO will be 88. After that overlap populations have been calculated by solving equation:

n,_., =n(2c,c,S,) .To calculatcoverlap populations for 88 overlaps (overlap of 2NH;

r- sty

ligands have been excluded) in MOs of cis-[Pt(NH3):Clz], we need eigenvector values (c,
and ¢, ), values of overlap matrix (S,) and number of electrons (#,) in each MO. The

eigenvector and overlap integral values for cis-[Pt(NH;),Cl2]have been taken from Table |

and Table 3, respectively. The number of electrons is taken as two for ¢ to ¢isand zero for
5



&0 Ors Inorder o get o precise deseription, the sums of averlap population for the fourteen
MOs of Cis=[ PUNTIDCly ] have also been worked out and results are presented in able 4. As
can be seen from this table that among the fourteen molecular orbital, twelve are bonding,.
oncis nonbonding and oncisantibonding. The bonding molecular orbitals arc i 9365
o+ o1 The nonbonding molecular orbital isdy, which is purely dxzatomic orbital of

platinum, The antibonding molecular orbital isd,.

Metallic complexes have generally two selective absorption bands [22]. The first lics
in the visible region.First band is attributed to clectron transitions in the unsaturated transition
shell of the central ion. The complexes which co-ordinate only one kind of ligand should
naturally have narrower, symmetrical first bands than those which have ligands of different
kinds. and among the latter, those which have ligands situated far apart in the
spectrochemical series should have broader and less symmetrical first bands and sometimes
these bands may analyzed into two or more component.The second lies in the near ultra-
violet region. The second band may be attributed to the co-ordination electrons, and is,
therefore. the most general characteristic which a co-ordination compound should
possess.Some complexes however, give the third band in the region of shorter wave-length.
All the co-ordination compounds which have or seem to have at least a pair of negative
ligands in tans-position showed the third bands(Table 5), but none of those deficient of the
condition.Some of the co-ordinated compounds lack the first bands and most of them the
third. they never fail to give the second bands.Cisplatin shows one absorption band (Figure
2)as opted byGaussian-03 [1 7].The PBE1PBE functional is a hybrid density functional theory
(DFFT) method, and SDD (Stuttgart-Dresden) pseudo-potentials are a type of pseudopotential
used in DFT calculations to represent the interaction between the core and valence
electrons. Using PBE1PBE functional with SDD pseudopotentials can be a computationally
efficient and accurate way to model the electronic structure and propertiés of materials [23].
By RTD-PBEI PBE-FCmethodwithSDDbasis setwere used to calculate the UV-Vis spectrum
of cisplatin. Figure 2 reflects excitation energies and oscillator strengths. The band of

absorption was recorded at 3.9845eV with peak corresponded to 311.16 nm and shows

oscillator strength 0.0014, as shown in Table 6.

By default, the PBEIPBE functional andSDDpseudo-potentials were used to calculate
[R-spectrum by Gaussian-03 (Figure 3). The number of the normal vibrations of a single
cisplatin molecule is 27, distributed in 94, + 54, + 8B, + 5B>, as shown in Table 7. The
notations for modes used are [1-stretching, 8-bending, p-rocking, m-out of plane bending and
-torsion: the *s” and *as’ stands for symmetric and asymmetric, respectively, and the index

‘op’ denotes out-of-plane, and TED for total energy distribution.



4. Conclusion:

Following points have been reflected from the above study: (i) AOs analysis shows

1 ' 2 \ ' ¢ 'Y q
sd-hybridization and thus supported Landis coneept of sd"-hybridization, where n 3. The

result showed involvement of three p orbitals are negligible as their summation values are

very low in comparison to d orbital and considerably low with respect to s orbital. (if) In total

thirty one AOs are involved in the formation of thirty one MOs of cisplatin. As. there is only

28¢" o be filled, hence, we considered only fourteen MOs (¢-¢14) and rest vacant MOs (¢, «-

031) have been exempted. Among fourteen MOs, twelve are bonding. one is antibonding (6,)

and one is non-bonding (¢¢). (iii) Cisplatin showed one absorption band at 3.9845¢V with

peak corresponded to 311.16nm of low oscillator strength (0.0014).(iv) Cisplatin molecule

showed 27 normal vibrations. which distributed in 9A, + 5A; + 8B, + 5B,.
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cis-[Pt(N H3)3(OH)2]”
'H‘“' +H" pKa =173

H,0
cis-[Pt(NH,),CI(OH)]° = cis-[Pt(NH;),(H,0)(OH)]"
_H.)WLH. -H*uﬁLH’ pKa=35.6
, H,0 H,0
cis-[Pt(NH;),Cl,]° cis-[PtNH,),(H,0)Cl]" === cis-[Pt(ONH,),(H,0),]*

Scheme -1.Hydrolysis of cis-platin in the stepwise reaction [10].
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Table 2. Contribution of atomic orbitals (AOs) of platinum atom in hybridization (sd*)

AO Pt-1 2.01-14 Cl-10 AO 2.01-14 N-2 AO 20114
Xt 6s 0:3315 Y24 3s 1.6140 xo 28 1.3091
X2 6px 0.1135 x2s 3px 1.7099 X1 2pX 1.4675
X3 Opy 0.1837 X26 3py 1.6091 Y12 2py 1.7562
X+ 6pz 0.0755 x27 3pz 1.6626 %13 2pz 1.2671
% 5dx2-y2  0.4306 Cl-11 AO S 114 N-3 AO S 14
% S5dz2 0.3938 Yo 3s 1.6108 yi4 25 1.3076
X7 Sdxy 0.6705 %29 3px 1.7785 s 2pX 1.4605
% Sdxz 0.0251 w0 3py 1.5800 we 2py  1.7106
Xo Sdyz 0.4636 ey 3pz 1.6610 17 2pz 1.1874
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“Table 4.Quantitative and qualitative nature of oceupied molecular orbitals of cis-PUNITHCL

MO No. LNy sign MOs
Cw 0.0004 . BMO
o2 -0.0009 . ABMO
& 0.0181 + BMO
o 0.0100 4 BMO
s 0.0011 + BMO
o 0.0000 0 NBO
¢7 0.0001 + BMO
s 0.0001 + BMO
o 0.1250 + BMO
10 0.0821 + BMO
dn 0.0271 + BMO
¢12 0.0228 + BMO
13 0.0599 + BMO
14 0.0364 + BMO

MOs is molecular orbitals, BMO is bonding molecular orbital, ABMO is antibonding molecular orbital and
NBO is nonbonding molecular orbitals

Table 5. First, second and third absorption band of transplatin

EomplEtCortining First band Second band Third band P Py
P P 0,107 [log O 0,(10%) Jlog T 03(10%) Jlog 11] 2 ' 7 2
trans-[Pt(NH;),Cl5] 80.0 1.23 95.8 1.88 110.2 2.02 15.8 1.4

Table 6. UV-Vis data of cisplatin as calculated by RTD-PBE1PBE-FC/SDD

cis-[Pt(NHj3),Cl,]

Absorption energy

Wave length

Oscillator strength

Excitation State: 1
Excitation State: 2

Excitation State: 3

3.7548eV
3.8925 eV
3.9845 eV

330.20 nm
318.52 nm
311.16 nm

0.0000
0.0001
0.0014
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Table 7. Calculated (PBETPBE/SDD)normal vibmlj()nqlrm(_)dc_oj'r(‘_fisp}_a_tﬂigg_w___#__M_

S.No. Ireq. Assignment, TED, %
= ARG W(NHR) Ba, A5 1000 (NIH)

26 3635.07

= S0 W(NHy) Ay, B, 1000 (NH)

24 3564.65

> 3383.72 04(NH3) B), A; 1000(NH)

2 3383.38 ‘

21 1728.13 3.(NH3) By, 598(HNPt + HNH) + 40t(NPY)
20 1721.95 Ja(NH;) A2, 585(HNPt + HNH) + 417(NPY)
19 1695.36 5a(NH3) A4, 658(HNPt + HNH) + 35t7(NPt)
18 1685.27 5.(NH3) B;, 658(HNPt + HNH) + 35t(NPt)
17 1322.68 J{(NH3) 4,, 1005(HNPt + HNH)

16 1315.71 J«(NH;) B;, 1008(HNPt + HNH)

15 866.61 p(NH3) 4;, 758(HNPt) + 24t(NPt)

14 823.83 p(NH3) B;, 758(HNPt) + 24t(NPt)

13 804.39 p(NH3) Bs, 883(HNPt) + 107(NPt)

12 781.16 p(NHs) 4,, 883(HNPt) + 11T(NPt)

11 499.31 O(PtN)4;, 1000(PtN)

10 493.01 Oa(PtN)B;, 990(PtN)

09 349.96 O4(PtCDA,, 960(PtCl)

08 340.43 Oa(PtC1B;, 990(PtCI)

07 239.10 S(NPtCI) B;, 978(NPtCl)

06 237.93 S(NPtN) 4, 605(NPtN) + 358(NPtCl)

05 162.75 Ta(PtN)A2, 927(PtN)

04 145.72 75(PtN) B3, 991(PtN)

03 141.90 ms(NPtC1) B, 708,,(NPtCl) + 287(PtN)

02 131.54 8(CIPtCl) 4;, 728(CIPtCl) + 138(NPtCl) + 128(NPtN)

01 106.20 ma(NPLCl) A5, 6380,(NPCI) + 357(PtN)
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Abstract

Recently, we have studied electronic structure of platinum dihalides (Pt(I1)X;).
Here, atomic orbital and molecular orbital analysis along with spectro
scopic studies have been made to see electronic structure of cisplatin (cis-
[Pt(NH;),CL]). CAChe Pro software of Fujitsu and Gaussian-03 software have
been used to obtain minimum energy structure. For this, cisplatin has been
opted with EHT (for population analysis) and DFT (for spectroscopic analy-
sis). Summation values of coeffient of AOs reflected sd*-hybridization and
thus supported Landis concept of sd"-hybridization, where n = 3. Sum of over-
lap population used to characterize the fourteen MOs (as there are 28¢) into
BMOs, ABMO and NBMOs. UV-spectrum of cisplatin shows one absorption
band at 3.9845 eV with peak corresponded to 311.16 nm of oscillator strength
(0.0014). IR-spectrum analysis shows 27 normal vibrations,

Keywords

Cisplatin, Mulliken Population Analysis, sd*-Hybridization, UV-Spectrum
and IR-Spectrum

1. Introduction

It was Rosenberg, who accidentally found out the biological activity of cisplatin,
ie., cis-[Pt(NH,),Cl,] in 1965 [1]. Actually it was synthesized by Peyrone in 1844
(2]. The anti-tumor activity of square planar complexes (cis-[Pt(NH.),Cl,] and
[Pt(en)Cl;]) and octahedral complexes (cis-[Pt(NH,),Cl,] and [Pt(en)CL)) against
sarcoma-180 (in mice) and against murine leukemia (L-1210) cells were also dis-
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covered by Rosenberst 1] Harder and Rosenberg reported selective inhibition of
DINA syithesis in vitro by cig (PN 1) below 5 M (4] Cisplatin was launched
i 1978 as anticancer doug but it ie still used for treatment of testicular [ 5], avarian
Lol Wadder 171 and neck cancers [8] in hutnans, The activity of cis (PN CL)
against tumor is ascoctated with reactions teplacing the halides. The effective
antitumor compounds have featuresin commaon that may aid usin understand
ing their interaction with biological systems [9]. These agents usually have two ex-
changeable ligands in cis positions. These complexes are bifunctional reagents that
may undergo nucleophilic substitution at two cis positions (Scheme 1), which as
sumes monomeric species and preservation of the cis configuration thermody
namically [10]. Prediction of atomic, molecular, electronic structure along with
spectroscopic characteristic of metal complexes have always been challenging for

computational chemists.

cis-[PtONH,),(OH),]°

H,0
cis-[PUNH,),CIOH))° === cis-[PUNH,),(11;,0)(OFD]
-H'“*H‘ -H'u'll' pKa=5.6
H,0 1,0 i
cis-[PYNH,),CL]° +£-|- cis-[PNH),(H,0)C1)" === cis-[PNH,),(H,0), ]

Scheme 1. Hydrolysis of cis-platin in the stepwise reaction (10].

2. Materials and Methods

In this research work, atomic, molecular orbitals and spectroscopic analysis have
been made to sce electronic structure of cisplatin. Firstly a quantitative atomic
orbital (AO) and molecular orbital (MO) treatment have also been made on above
species to study 1) involvement of metal (n-1)d-, ns-and np-orbitals in hybridiza-
tions and its type that has been used to get information related to shape (bond
angle) and size (bond length) [11];2) contribution of various AOs in the construc-
tion of MOs through LCAO approximation using values of eigenvector and over-
lap matrix [12] and 3) nature of MOs by distinguishing them into bonding, non-
bonding and antibonding MO through population analysis [13]. The adopted
methods for various calculations of above species are based on Mulliken’s popu-
lation analysis, which has been well described in our recent publications [14]. At-
ter that UV-Vis and IR spectroscopic analysis have also been made [15]. CAChe
Pro software of Fujitsu [16] and Gaussian-03 software [17] have been used to ob-

tain minimum energy structure. For this, cisplatin was opted by using EHT [18]
and DFT methods [19].

3. Results and Discussion

The molecular orbitals of cisplatin are formed by linear combination of 9 orbitals
from platinum, 4 orbitals of each nitrogen, 4 orbitals of each halogen and 1 orbital

DOI;10.4236/0japps.2025.155100
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from each hydrogen as piven below
P 1= 68, 6px, 6py, Opz, Sdx 2 y2 522, 5dwy Sdxs, Sdys =9

N« 2w 26, 2px, 2py, 2ps = 4

N=3=2¢,2px,2py, 2p7 = 4
H-d=ls=1
H=5=Is=1
H=6=Is=1
H=7=1Is=1
H-8=ls=1
H-9=Is=1

Cl-10=3s,3px.3py.3pz =4

Cl-=11=3s,3px,3py.3pz =4

Total =31

In total thirty-one atomic orbital (AOs) are involved in the formation of thirty
one molecular orbitals (MOs). But here we discuss only seventeen MOs of onc
Pt** (9 MOs) and 2CI- (2 x 4 MOs), because we have to see the effect of cisplatin
(Equation (1) and (2)) formation on these orbitals. The fourteen MOs of ligands
2NH, (2 x 7) are kept out of discussion (Equation (2)). The AOs are represented
by “¥” and MOs by “¢”. Here yi to ys are AOs of Pt and remaining eight AOs of
two Cl by yu to yu viz., yi (6s), x2 (6px), y» (6py), xs (6pz), ys (5dx2-y2), s (5dz2),
Xr (5dxy), e (5dxz), yo (5dyz), yas (3s), xas (3px), xas (3PY), xor (3pz), jas (35), yeo
(3px), x (3py), and yu (3pz). The form of the seventeen MOs i.e., the magnitude
of contribution of various thirty-one AOs in the formation of seventeen MOs is

demonstrated by ¢ —¢,, as described below.

@ ==0.0031y, +0.0247 7, —0.0014 7, +0.0004 7, + 0.0013 7, +0.0113 z,
~0.0003 7, +0.0000 7, +0.0048 7, — 0.0408 7,, - 0.0023 1, -~ 0.0028 z,,
+0.0006 75, —0.0386 7, — 0.0017 1, +0.00327,, - 0.0006 7,,

@, = +0.00007, +0.0018 7, +0.0282, —0.0061 7, —0.0025 7, +0.0001 ,
~0.0185, +0.0039 7, —0.0006 7, — 0.0353 z,, —0.0086 7, +0.0040 ,,
~0.0012,, +0.0339 7, +0.0090 2, +0.0026 7, —0.0010 2,,

¢, =-0.0414 7, +0.0102 7, —0.0007 , +0.0001 7, +0.0009 7, +0.0178 7,
~0.0002, +0.0002 7, +0.0089 7, = 0.6966 7,, +0.0047 1, +0.0010 .,
~0.0003 ,, —0.6987 7, +0.0045 7, —0.0016 7,,0.0004 z,,

@, =0.0000, +0.0010, +0.0139 7, —0.0035 7, - 0.0055 z, +0.0002 7,
~0.0377 1, +0.0097 7, —0.0012 7, +0.7038 7,, = 0.0024 7., + 0.008 .,
=0.0022 7, = 0.7020 75, +0.0035 ,, +0.0080 7,, — 0.0021 ¢,

¢, =—0.0044 7, —0.0028 7, +0.0005 7, —0.0001 ¢, +0.0723 7, +0.0022 ,
~0.0089 7, +0.0041, +0.0185y, + 0.0148 7,, = 0.0879 1, —0.0144 7.,
+0.0053 7, +0.0120 7, —0.0732 ,, +0.0226 1., - 0.0082 ,,
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B, = 00001, = 0.0001 7, = 0.0005 ¢, = 0.0004 7, + (0.0025 4 +0.0004 7,
~0.0116, —0.0439 7, = 0.0003 z, = 0.0021 4 * 0.0090 15 + 0.000075,
~0.00787,, +0.0030 £, = 0.01406 7, +0.0035 7o = 0.00827,

@ = +0.0006 7, +0.0006 ¢, +0.0002, +0.00007, + 0.0065 x5 +0.01507,
£0.0022, = 0.0007 g, = 0.0485 7, = 0.0013 754 + 0.0071 25 = 0.0001 1,
—0.0135,, = 0.0049 7, +0.02467, = 0.0037 130 * 0.0189 7

¢, =-0.0000, —0.0001, +0.0022 7, = 0.0005 7, +0.0008 75 =0.0003%,
+0.01257, —0.0062 7, +0.0047 7, +0.0151 124 = 0.0809 7,5 = 0.0037 72
+0.0043 1, = 0.0130 4 +0.0700 72 ~0.0103 z50 +0.0049 15,

4 =—0.22857,0.0095 7, ~0.0007 z; +0.0001 1, 001295+ 0.1983 %,
+0.0002, +0.0004 7, +0.0830,7, +0.0582 22 —0.2540 75 + 0447112
—0.11797,, +0.0584 75, = 03201759 = 04053230 * 0.11027;

4, =—0.0002, -+ 0.0004 7, +0.0072 7, =0.0032%, = 0.0667 x5 +0.0035%,
—0.4884, +0.1179 , —0.0154, = 0.0315 22, + 0.3166 7,5 —0.3364 7
+0.0861,, +0.0314 1, —0.37331155 = 02774120 +0.0751 5,

4, =—0.0499 z, - 0.0503 7, +0.0045 7, =0.0008 7, + 0.2047 y5 +0.0568 74
—0.0235 7, +0.0039 7, +0.0673 7, = 0.0049 72 —0.4321 75, —0.4140 1y
1+0.0943 z,, —0.0050 7, = 0.3716. 75 + 0483873 ~0.1036 73,

4, = +0.0003 7, +0.0003 7, +0.0088, +0.0337 7, = 0.0047 y, —0.0057 %,
_0.0475 7, — 0.1928 z, +0.0136 7, +0.0001 75, +0.0042 755 + 0.1744 y.,

£0.6619 7, —0.0001 5, +0.0047 5 +0.1704 5 +0.6587 75,

It

4., = +0.0007 7, +0.0091 7, +0.11437, = 0.0264 7, + 0.0127 y, —0.0007 %,
+0.1100, —0.0106 7, +0.0007 7, = 0.0092 75, + 04776 155 = 0.0380 3,
10,0059 7, +0.0096 75, —0.4750 75, +0.0234 1, +0.0038 75,

4, = +0.0023 7, ~0.0026 7, ~ 0.0006 1, +0.0002, +0.0460 7 + 0.0929 7,
—0.0040.7, —0.0164 7, —0.1961 7, ~0.0003 1, +0.0225 55 —0.1648 1
—0.6613,, —0.0004 5, +0.0327 75 +0.1642 73, +0.6653 15,

4, =+0.03897, +0.12167, ~0.0097 7, +0.0023 7, + 0.0880 7, ~0.1168 7,
—0.0104 7, +0.0042 7, —0.0156 7, +0.0022 7,, = 0.4134 15 +0.1078 1
—0.0565 1, +0.0022 g5 — 0.4273 1, — 0.0288 7, +0.0401 75,

4, =0.00017, +0.0062, +0.0621 7, ~0.01417, +0.0019 75 —0.0013 %
+0.0199 7, +0.0055 g, +0.0005 , +0.0024 75, = 0.3509 55 = 0.5485 1
10,1439, —0.0025 1, +0.2486 75, — 0.5891 7, +0.1558 5,

4, = +0.001 17, ~0.0007 7, = 0.0022 7, +0.0152, +0.0128x +0.0317 %,
1+0.2237 7, +0.9513 7, —0.0622 7, —0.0009 7,, — 0.0044 7,5 +0.0487 1
+0.1590 5, +0.001 1 54 +0.0071 7, +0.0501 7y, +0.1586 2,

Here, the coefficient of yis the eigenvector (taken from Table 1). The remaining
fourteen MOs, dis-#u, were kept out of discussion as these remaining MOs have
been formed by fourteen AOs of two NH; molecules as neutral ligands following
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\ i | ; i " an of
Baguation (1) and Eqguation (1), respectively. Fquation (1) represents formatio
"

; . f fe and
molecular compound PECY, which in § quation (1) compleves with 2NFL ligane

i : ¢

thus cheplain i formed. Hence, only seventeen MOis have been cansidered her
p (1
P 2010 s e, ‘

PICI, 4 2NH, > cis[ PUNHL ) CL |

Tadle 1. Vigenvector values of atomic orbitals (1) in molecular orbitals (4) of cis-PUNH)Cl..

Wom & & & A A A e Ak ke b b ke ke # e (¥

OOLFT

i

00031 00000 00414 00000 -00044 ~0.0001 00006 -0 0000 ~0.2285 -0.0002 -0 0499 00003 00007 00013 00349 00001

067
00247 00018 00102 00010 -00028 -0.0001 00006 ~00001 0.0095 0.0004 -00503 00003 00091 -00026 01216 00067 ~0000

S

? ) 0022
~0.0014 00282 -0.0007 0.0139 00005 -0.0005 0.0002 00022 -0.0007 00072 0.0045 00088 01143 -00006 ~00097 00621 ~000

»

0.0004 -0.0061 0.0001 -0.0035 ~0.0001 ~0.0004 00000 ~00005 0.0001 -0.0032 ~00008 00337 ~0026+ 00002 00023 00141 0015
Pl op 00013 -0.0025 00009 -0.0055 00723 0.0025 00065 0.0008 ~0.0129 ~0.0667 0.2047 00047 0.0127 00460 00880 00019 00128
X 0013 00001 00178 0.0002 0.0022 00004 00150 -0.0003 0.1983 0.0035 0.0568 -0.0057 ~0.0007 0.0929 ~0.1168 ~0.0013 0.0317
r ~00003-00185 ~0.0002 ~0.0377 ~0.0089 ~0.0116 0.0022 0.0125 0.0002 -0.4884 ~0.0235 ~0.0475 0.1100 ~0.0040 —0.0104 0.0199 0.2237
A+ 00000 0.0039 00002 0.0097 0.0041 -0.0439 ~0.0007 ~0.0062 0.0004 0.1179 0.0039 -0.1928 -0.0106 ~0.0164 0.0042 0.0055 0.9513

A+ 0.0048 -0.0006 0.0089 -0.0012 0.0185 —0.0003 — 00485 0.0047 0.0830 -0.0154 0.0673 0.0136 0.0007 -0.1961 -0.0156 0.0005 ~0.0622

A« —0.0408 -0.0353 -0.6966 0.7038 0.0148 —0.0021 -0.0013 0.0151 0.0582 -0.0315 -0.0049 0.0001 -0.0092 -0.0003 0.0022 0.0024 -0.0009

v

=0.0023 -0.0086 0.0047 -0.0024 -0.0879 0.0090 0.0071 -0.0809 -0.2540 0.3166 -0.4321 0.0042 0.4776 0.0225 -0.4134 -0.3509 ~0.00%}
Cl-10

Aw» =0.0028 0.0040 0.0010 0.0084 -0.0144 0.0000 -0.0001 —0.0037 0.4471 -0.3364 -0.4140 0.1744 -0.0380 -0.1648 0.1078 -0.5485 0.0487
A 0.0006 -0.0012 -0.0003 -0.0022 0.0053 —0.0078 -0.0135 0.0043 -0.1179 0.0861 0.0943 0.6619 0.0059 —-0.6613 ~0.0565 0.1439 0.1590
A= —0.0386 0.0339 -0.6987 -0.7020 0.0120 0.0030 —-0.0049 —0.0130 0.0584 0.0314 -0.0050 -0.0001 0.0096 -0.0004 0.0022 -0.0025 0.0011}
N A~ —0.0017 0.0090 0.0045 0.0035 -0.0732 -0.0146 0.0246 0.0700 -0.3201 —0.3733 -0.3716 0.0047 -0.4750 0.0327 -0.4273 0.2486 0.0071
o Ao 0.0032 0.0026 -0.0016 0.0080 0.0226 0.0035 -0.0037 —0.0103 —0.4053 —0.2774 0.4838 0.1704  0.0234 0.1642 -0.0288 -0.5891 0.0501

v =0.0006 -0.0010 0.0004 -0.0021 -0.0082 -0.0082 0.0189 0.0049 0.1102 0.0751 —0.1036 0.6587 0.0038 0.6653 0.0401 0.1558 0.1586

When platinum forms compound it adopts cither concept of bonded attraction
and non-bonded repulsion of VB (Valence Bond) theory, and or positive and neg-
ative overlap populations of MO (Molecular Orbital) theory [13]. In the first case
platinum may undergo various types of hybridization that depend upon its oxida-
tion state, and number and nature of combing atoms or ions |11 ], and in the
ond case platinum forms molecular orbital by LCAO approximation [20]. In cis-
platin, platinum acquires + 2 oxidation state that may ncutralized by two chloride
ion (2CI7), while two neutral ammine ligands (2NH,) complex through coordinate
bonds by donating two pairs of its lone pair of electrons. At first, we have to ex-
amine the extent of involvement of 5d, 6s and 6p AOs of Pt-1 in the formation of
MOs in cis-[Pt(NH,),CL,). For this, values of coefficient "X of 5d, 6s and 6p of
platinum metal have been tabulated in Table 2. To see the total involvement of
seven AOs of Pt-1 in fourteen MOs (¢-#1,), the coefficient value of each orbital
has been added, The rest vacant MOs are exempted here, as there is only 28¢ to

SecC-
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be filled by Aufbau principle, Hund's rule and Pauli’s exclusion principle as de-
scribed in our previous publication [14] and thus we considered only these MOs
among seventeen MOs The summation values of AOs in these fourteen MOs have
been placed same table, which clearly reflects maximum involvement of 5d orbital.
Next 1o this is 68 orbital. 1t is also predicted from the summation values of d or

bital, The non-bonding orbital i.c., Sdxz must have the lowest summation value
which is 0.0251. The involvement of three p orbitals is negligible as their summa-
tion values are very low in comparison to d orbital and considerably low with
respect to s orbital (0.3315). From Table 2 and Figure 1, it is evident that the
involvement of 6p orbital in pt—L bond in cis-[l’t(NH\);(ll;\ is insignificant and
the main role is played by “ns” and (n-1)d orbital. It was Landis, who discovered
sd"-hybridization (here n = 3) along with molecular shape and bond angles in his

seminal publications [21].

Table 2. Contribution of atomic orbitals (AOs) of platinum atom in hybridization (sd").

AO Pt-1  Ihu Cl-10 AO Thu  N-2 A,O ) BT

x 6s 0.3315 X 3s B 1.67140 Xio 2s 1.3091
x 6px 0.1135 X 3px 1.7099 X 2px 1.4675
pe 6py  0.1837 X 3py 1.6091 1 2py 1.7562
p ¢ 6pz 0.0755 P 3pz 1.6626 s 2pz 1.2671

X 5dx2-y2 0.4306 Cl-11 AO Zh-u N-3 AO Th-1a

Xo 5dz2 0.3938 X 3s 1.6108 X4 2s 1.3076
X 5dxy  0.6705 3px 17785 s 2px  1.4605
X 5dxz  0.0251 X0 3py 1.5800 Xie 2py 1.7106
X 5dyz  0.4636 X 3pz 1.6610 x 2pz 1.1874
T T >} o.oo-_—-——; )
0.8 1 / § \ @\\ })) 0.20
« % &0.15
0.7 1 / O sd3-Hybridization 3 & 4ol /
L \ 71b 109p
0.6 (c% 0.05 \l N
© 0.00 !
< 30 60 90 120 150
0.5- - 3 Bond Angle

pure p atomic

0441\ orbitals
non-bonding'

0.3 orbital
021 T

E
0.1

|

0L Bt sl &

6s 5dxy  5dyz 5dx2-y2 5dz2 6py 6px 6pz Sdxz

Figure 1. Contribution of atomic orbital in sd* hybridization {21].
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The shape of ecach MO (¢ ¢h7) has been determined by the relative magnitudes
and signs of the different cocfficients, For this cis-[Pt(NFH,);Cl;) has been decom-
posed into three parts: Pt-1, X-1 and X-2, and the MO of the complete system has
been obtained by allowing the orbitals of Pt-1 (5d, 6s, 6p), X-1 (ns and np) and X-
2 (ns and np) to overlap. The possible overlaps between the various AOs of ruthe-
nium (Pt-1) and halogens (X-2 and X-2) in each MO will be 88. After that ovcrla'p
populations have been calculated by solving equation: #, ,, =n,(2¢,c,S,.). To
calculate overlap populations for 88 overlaps (overlap of 2NH, ligands have been
excluded) in MOs of cis-[Pt(NH,),Cl,], we need eigenvector values (¢, and ¢, ),
values of overlap matrix (S,,) and number of electrons ( n, ) in each MO. The
eigenvector and overlap integral values for cis-[Pt(NHj3),Cl;] have been taken
from Table 1 and Table 3, respectively. The number of clectrons is taken as two
for ¢ to ¢4 and zero for ¢s to ¢y In order to get a precise description, the sums
of overlap population for the fourteen MOs of cis-[Pt(NH;),Cl] have also been
worked out and results are presented in Table 4. As can be seen from this table
that among the fourteen molecular orbital, twelve are bonding, one is nonbonding
and one is antibonding. The bonding molecular orbitals are b1, G- s, Pr-dia. The
nonbonding molecular orbital is ¢, which is purely dxz atomic orbital of plati-

num. The antibonding molecular orbital is @

Table 3. Overlap matrix or overlap integrals values (Ss) of various overlaps of atomic orbitals of constituent atoms in cis-Pt(NH3)Cl..

AOs

6s (Pt-1)
6px (Pt-1)
6py (Pt-1)
6pz (Pt-1)
5dx*-y? (Pt-1)
5dz? (Pt-1)
5dxy (Pt-1)
5dxz (Pt-1)
5dyz (Pt-1)
35 (Cl-2)
3px (Cl-2)
3py (CI-2)
3pz (Cl-2)
3s(Cl-3)
3px (Cl-3)
3py (CI-3)

3pz (Cl-3)

6s 6px 6py 6pz

5dx*-y? 5dz2  5dxy 5dxz 5dyz 3s 3px 3py 3pz 3s 3px 3py 3pz

(Pt-1)  (Pt-1) (Pt-1) (Pt-1) (Pt-1) (Pt-1)  (Pt-1) (Pt-1) (Pt-1) (Cl-2) (Cl-2) (Cl-2) (Cl-2) (CI-3) (Cl-3) (CI-3) (Cl-3)

1.0000

0.0000 1.0000

0.0000 0.0000 1.0000

0.0000 0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000

1.0000

0.0000 1.0000

0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 1.0000

0.0000 0.0000 0.0000 0.0000 1.0000

0.1149 —0.1084 0.1295 —0.0330-0.0080~0.0242 —0.0446 0.0114 -0.0136 1.0000

0.1408 —0.0698 0.1774 —0.0452-0.0394 -0.0264 —0.0454 0.0116 -0.0232 0.0226 1.0000

-0.1682 0.1774 -0.1331 0.0540
0.0428 -0.0452 0.0540 0.0650
0.1148 -0.1264-0.1128 0.0296
0.1642 -0.1232-0.1803 0.0472
0.1466 -0.1803-0.0823 0.0422

-0.0384 0.0472 0.0422 0.0676

—0.0146 0.0315 0.0652 -0.0232 0.0198 -0.0026 0.0037 1.0000
—0.0041-0.0216-0.0232-0.0199 0.0238 0.001] =0.0016 0.0002 1.0000

0.0052 -0.0248 0.0454 —0.0119-0.0106 0.000] =0.0001-0.0001 0.0000 1.0000
=0.0198-0.0319 0.0634 -0.0166-0.0211 0.0004 =0.0004-0.0004 0.0001 0.0222 1.0000

0.0360 -0.0285 0,0505 -0.0211-0.0118 0.0004 =0.0004-0.0003 0.0001 -0.0005 0.0007 1.0000

~0.0024 0.0197 -0.0211~0,0246-0.0219 -0.000] 0.0001 0.0001 0.0000 -0.0004 0.0006 =0.0000 1.0000
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Table 4. Quantitative and qualitative nature of occupicd molecular orbitals of cis-Pt{NH,)Cl.

MO No. Lnre sign MOs

b 0.0004 ¢ BMO

P -0.0009 - ABMO
s 0.0181 b BMO

¢ 0.0100 + BMO

#s 0.0011 + BMO
o 0.0000 0 NBO

¢ 0.0001 + BMO
8 _0.0001 + BMO
8 0.1250 + BMO
o 0.0821 + BMO
u 0.0271 + BMO
di2 0.0228 + BMO
bis 0.0599 + BMO
b 0.0364 + BMO

MOs is molecular orbitals, BMO is bonding molecular orbital, ABMO is antibonding mo-
lecular orbital and NBO is nonbonding molecular orbitals.

Metallic complexes generally have two selective absorption bands [22]. The first
lies in the visible region. First band is attributed to electron transitions in the un-
saturated transition shell of the central ion. The complexes which co-ordinate only
one kind of ligand should naturally have narrower, symmetrical first bands than
those that have ligands of different kinds, and among the latter, those that have
ligands situated far apart in the spectrochemical series should have broader and
less symmetrical first bands and sometimes these bands may analyzed into two or
more component. The second lies in the near ultra-violet region. The second band
may be attributed to the co-ordination electrons, and is, therefore, the most gen-
eral characteristic which a co-ordination compound should possess. Some com-
plexes however, give the third band in the region of shorter wave-length. All the
co-ordination compounds that have or seem to have at least a pair of negative
ligands in tans-position showed the third bands (Table 5), but none of those were
deficient in the condition. Some of the co-ordinated compounds lack the first
bands and most of them the third, they never fail to give the second bands. Cis-
platin shows one absorption band (Figure 2) as opted by Gaussian-03 [17]. The
PBE1PBE functional is a hybrid density functional theory (DFT) method, and
SDD (Stuttgart-Dresden) pseudopotentials are a type of pseudopotential used in
DEFT calculations to represent the interaction between the core and valence elec-
trons. Using PBEIPBE functional with SDD pseudopotentials can be a computa-
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tonally efficient and accurate way to model the electronic structure and propertics
ofmaterials [23], By RTD pbelpbe-FC method with sdd basis set was used to cal-
culate the UV-Vis spectram of clsplatin, Plgure 2 reflects excitation encrgies and

m . W wi ak
oscillator strengths, The band of absorption was recorded at 3,9845 ¢V with pea

corresponded to 311,16 nm and shows oscillator strength 0.0014, as shown in Ta-

ble 6,
25 UV-VIS Spacture 0.00050
Pxchtation anerpies and osclllator strengths
fxclted State 11 Singlat-A VAR WV 300.20 cw (0. O 0.00045
W oo 0.70045
This state for aptimlzation and/or sacond.-order e,orfo:,'.lnn e RO
D X Copylng the excited state density for This state as tre 1.0a 0'00040
f Excited State 20 Singlet-a 38925 WY 318,52 re #20 p0R]
/ oo 0,10348
' IS 0.16236 0.00035
/ 36 > 38 8.62659
/‘4 36 > 40 0.15566 O
184 / txelted State  1: Singlor.A 1OAS WY ML re 60,0014 0.00030 &
i / TN #.68204 =
S i / 36 . 18 -0.15994 %
: | / -0.00025 2
w ,/ 5
10+ 7 —0,000ZO@
$ b 2
3 }/
/ \ -0.00015
5+ / \ 0.00010
/
4 \ -0.00005
0;~ ¥ Lo T T = = Py~ - = ¥ § i P —t i T Lo | -0.00000
600 550 500 450 400 350 300 250 200 150 100
Excitation En_efgy (r_1m) o
Figure 2. UV-Vis Spectrum of cisplatin opted by RTD-PBE1PBE-FC/SDD.
Table 5. First, second and third absorption band of transplatin.
First band Second band Third band
Complex Compound ———— v - v2-0) V-2
vi(10"3) loge v2(10") log ¢ v3(10") loge
trans-[Pt(NHs).Cl;] 80.0 1.23 95.8 1.88 110.2 2.02 15.8 1.4

Table 6. UV-Vis data of cisplatin as calculated by RTD-PBE1PBE-FC/SDD,

cis-[Pt(NHs).Cl.]  Absorption energy Wave length Oscillator strength
ngcitation State: 1 3.75;8 eV 330.20 ﬁm 0.0000

Excitation State: 2 3.8925eV 318.52 nm 0.0001

Excitation State: 3 3.9845 eV 311,16 nm 0.0014

By default, the pbelpbe functional and sdd pseudo-potentials were used to cal-

culate IR-spectrum by Gaussian-03 (Figure 3). The number of the normal vibra-

tions of a single cisplatin molecule is 27, distributed in 94, + 54, + 88, + 58, as
shown in Table 7. The notations for modes used are v-stretching, &-bending, P~
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i : NI w. o gtands for sym-
rocking, 7-out of plnnc bending and r-torsion; the “s and “as” stan y

t “ ” " - -
metric and asymmetric, respectively, and the index “op” denotes out-of-planc,

and TED for total encrgy distribution.

Table 7. Calculated (PBEIPBE/SDD) normal vibrational mode of Cisplatin.

S.No. Freq. Asslgnmcnt, TED, %
o g bs (NHy) B, A2 1000 (NH)
26 3635.07
2 e os (NH3) A1, B 1000 (NH)
24 3564.65
& P82 b (NH3) B, A1 1000 (NH)
22 3383.38
21 1728.13 & (NHs) By 598 (HNPt + HNH) + 401 (NPt)
20 1721.95 & (NHs) Az 586 (HNPt + HNH) + 41 7 (NPt)
19 1695.36 & (NHs) Ay, 658 (HNPt+ HNH) + 357 (NPt)
18 1685.27 S, (NHs) By, 655 (HNPt + HNH) + 357 (NP)
17 1322.68 & (NH;) A, 1006 (HNPt + HNH)
16 1315.71 & (NH;) By, 1008 (HNPt + HNH)
15 866.61 p (NHs) A, 756 (HNPt) + 241 (NPt)
14 823.83 p (NHs) B, 758 (HNPt) + 241 (NPt)
13 804.39 p (NHs) Bz, 885 (HNPt) + 107 (NPt)
12 781.16 p (NH3) Az, 880 (HNPt) + 11 T (NPt)
11 499.31 vs (PtN) Ay, 1000 (PtN)
10 493.01 va (PtN) B, 99v (PtN)
09 349.96 ve (PtCl) Ay, 96v (PtCl)
08 340.43 va (PtC1) By, 99v (PtCl)
07 239.10 S (NPtCl) B, 978 (NPtCl)
06 237.93 S (NPtN) Ay, 608 (NPtN) + 358 (NPtCl)
05 162.75 7. (PtN) Az, 927 (PtN)
04 145.72 7 (PtN) By, 997 (PtN)
03 141.90 1. (NPtCl) Bz, 70680 (NPtCl) + 287 (PtN)
02 131.54 S (CIPtCl) Ay, 726 (CIPtCl) + 136 (NPtCl) + 120 (NPtN)
0l 106.20 . (NPtCI) Az, 6360 (NPtCl) + 357 (PtN)
E)Olt 10.4236/ojapps.2025.155100 1438 Open Journal of Applied Sciences
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Figure 3. IR- Spectrum of cisplatin opted by PBE1PBE/SDD.

4. Conclusion

Following points have been reflected from the above study: 1) AOs analysis shows
sd’-hybridization and thus supports Landis concept of sd"-hybridization, where n
= 3. The result showed involvement of three p orbitals is negligible as their sum-
mation values are very low in comparison to d orbital and considerably low with
respect to s orbital. 2) In total thirty-one AOs are involved in the formation of
thirty one MOs of cisplatin. As, there are only 28e” to be filled, hence, we consid-
ered only fourteen MOs (di-¢s) and rest vacant MOs (éis-¢+1) have been ex-
empted. Among fourteen MOs, twelve are bonding, one is antibonding (¢,) and
one is non-bonding (g). 3) Cisplatin showed one absorption band at 3.9845 eV
with peak corresponded to 311.16 nm of low oscillator strength (0.0014). 4) Cis
platin molecule showed 27 normal vibrations, which distributed in 9A,| + 5A,; +
8B, + 5B..
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