CHAPTER V

COMPUTATIONAL APPROACH, SPECTROSCOPIC
INVESTIGATION AND QTAIM ANALYSIS OF (2E)-3-(3, 4-
DIMETHOXYPHENYL)-1-(4-HYDROXYPHENYL) PROP-2-

EN-1-ONE

Heterocyclic molecules with hugedelocalized eelectron systems
comprising a significant group in modern organic chemistry because of their
chemical, biological and optoelectronic implication. Chalcones are ubiquitous
substances found in a diversity of plants. They are precursors to other natural
products, such as food preservatives and flavonoids, which have reported a broad
range of biological activities such as antioxidant, antibacterial, antitum@88&jtc
Due to the consequence of these compounds, diverse studies on synthesis and
biological activities of molecules containing the chalcone ring system have been
reported recentl{89]. Chalcones are also known to hamper tyrosinase enzyme that
involves in synthesis ofmelanin. The position of the hydroxyl groups on the
chalcone structure plays a major roleamtimicrobial, antioxidant and tyrosinase
inhibitory activities rather their number [90, 9Naturally occurring or synthetic
chalcone compounds have shown promising biological activity and safety profiles,
and have the potential to be developed as, or more properly, serve as lead compounds
for, the discovery of antioxidant, anti-inflammatory, anticancer or anti-infective
agentsDimethoxy chalcone derivatives are the key intermediate for the synthesis of
pyrazole derivatives. Podophyllotoxin and its derivatives have pharmaceutical
applications [92]. DFT andb initio calculations are comprehensively utilized for
the computation of vibrational frequencies and elucidation of thermodynamic and

structural facts of molecule§.opological Bader's Quanturtheory of atoms in
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molecules (QTAIM) and NBO reveal the nature of different types of interactions

existing within the molecule.

5.1 MATERIAL AND SYNTHESIS

4-Hydroxyacetophenone (1.36 g, 0.01 mol) was mixed with 3,4-
dimethoxybenzaldehyde (1.66 g, 0.01 mol) and dissolved in ethanol (40 ml). To this
solution, 5 ml of KOH (50%) was added at 278 K. The reaction mixture was stirred
overnight at room temperature and poured on to crushed ice. The pH of this mixture
was adjusted to 3-4 with 2M HCI aqueous solution. The resulting crude solid was
filtered, washed successively with dilute HCI solution and distilled water, and finally

re-crystallized from ethyl alcohol (95%) to give pure chalcone [93].

5.2 EXPERIMENTAL

The IR spectrum of (2E)-3-(3,4-Dimethoxyphenyl)-1-(4-hydroxyphenyl)
prop-2-en-1-one (DIM) was recorded in the region 4d80 cm? using a Perkin
Elmer FT-IR spectrometer equipped with the standard KBr pellet technique. The FT
Raman spectrum was recorded with 2'tmesolution on a Bruker RFS 100
spectrometer in the range of 3500-100%cin air cooled Nd: YAG Laser at 1064

nm with an output of 200 mW was used as the exciting source.

5.3 METHODOLOGY
The optimized structures and their vibrational wave numbers and intensities
were calculated by means of the Gaussian 09 program using DFT at the B3LYP/6-

31G** level [71]. NCA was performed using the MOLVIB program version 7.0 [72,
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49]. Natural internal coordinates as suggested by Pulay [73] have been written as
input for the MOLVIB program. In this work, detailed vibrational and electronic
structure theory studies of DIM were performed using the SQMFF technique based
on DFT calculations. NBO calculation has been carried out at the B3LYP/6-31G**
level of theory using NBO 3.1 program [94]. The bond topological parameters have
been calculated using the AIMA11 program [95]. With the assist of Multiwfn the
molecular graph of single molecule and two molecule showing diverse bond path
have been plotted [96]. To analyze the nature of interactions present in the molecule
Hirshfeld surface, 2-D fingerprint plot studies are carried out. Hirshfeld surfaces and

the associated 2-D fingerprint plots are generated using the Crystal Explorer 3.1 [97].

5.4 OPTIMIZED GEOMETRY

The optimized structure of DIM is shown in Fig. 5.1. The optimized
geometry from Gaussian 09 was compared with the XRD data reported by Jasinski
[93]. Two molecules of DIM are interlinked by oneHD-.O and a weak ...0
intermolecular interactions. The changes in the molecular structure, when going
from single molecule to two molecule in the two molecule optimization process are

plotted in Fig. 5. 2 and also presented in Table 5. 1.
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Fig. 5.1 Molecular structure of DIM one molecule calculated at B3LYP/6-
31G**level of theory

Fig. 5.2 Molecular structure of DIM two molecules calculated at B3LYP/6-
31G**level of theory
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The Q-Hio distances involved in hydrogen bonding are lengthened by 0.019
A on two molecule optimization. The calculated-io...0s; bond distances is
2.730 A which is in good agreement with the experimental value of 2.69 A [91].
Concomitantly Gz-O14 bond length increases (0.005 A) on two molecule
optimization. When considering two molecules interlinked by O- H- - -O hydrogen
bonding the G-Os bond length, decrease from 1.362 A in the single molecule to
1.352 A in the two molecule. This is supported by the experimentaD&Chbond
distance (1.3524 A)

Table 5.1: Optimized geometrical parameters of DIM one molecule and two
molecules by B3LYP/6-31G** in comparison with XRD data

Bond Two Bond Two
length/ | Mono Expt. Mono | molec | Expt.
A molecules angle/s ules

Ci-Cz | 1.407 1.408 1.401| CxCi-Ces | 118.04| 117.83|117.61
Ci1-Cs | 1.402 1.405 1.395| C»-Ci-Cy3 | 117.56| 117.72| 119.50
Ci1-Ci3 | 1.497 1.492 1.470| Ce-Ci-Ci3 | 124.38| 124.44| 122.89
Cx-Cs | 1.385 1.384 1.367| Ci-Cx-Cs | 121.53| 121.46| 121.57
Cs-Cs | 1.402 1.406 1.394| Cx-Cs-Cs | 119.58| 119.98| 119.94
Cs-Cs | 1.399 1.404 1.394| Cs-Cs-Cs | 119.89| 119.45| 119.57
Cs-O9 | 1.362 1.352 1.352| CsCs-Cs | 119.88| 119.85| 120.02
Cs-Cs | 1.392 1.391 1.378| Cs4-Cs-Hi1 | 119.97| 119.34| 119.94
Cs-Hi1 | 1.088 1.086 0.929| Ci-Ce-Cs | 121.06| 121.41| 121.28
Ce-H12 | 1.084 1.085 0.929| Ci-Hi3-0O14 | 119.63 | 120.15| 120.16
Og-Hio | 0.966 0.986 0.820| Ci1-C13-Ci5 | 119.35| 119.28| 119.34
Ci13-014 | 1.232 1.234 1.237| 014-C13-Ci5| 121.00| 120.56| 120.50
Ci3-Cis | 1.481 1.485 1.478| C13C15Cis| 119.06| 118.97| 119.26
Ci15-Cy7 | 1.350 1.349 1.320| C13-C15-Ci17| 119.97 | 120.09| 121.43
C19C2 | 1.410 1.415 1.384| C16-Ci15-C17| 120.95| 120.92| 119.32
C19Cos | 1.399 1.399 1.384| Ci5-Ci7-H1g| 115.57 | 115.63| 115.85
Coo-Co1 | 1.385 1.386 1.377| Ci5-Ci17-C19| 128.52 | 128.37| 128.20
C21-O26 | 1.361 1.363 1.362| H1g-C17-C10| 115.90| 115.98]| 115.95
C22-C23 | 1.393 1.393 1.379| C17-C19Coo| 123.07| 123.01| 123.11
C22031 | 1.357 1.359 1.361| C17-C19Cp4| 118.77| 118.91| 118.83
Co3-Cos | 1.396 1.397 1.389| Co0-C19Co4| 118.14| 118.06| 118.05
Csg-Cso 1.408 C190Coo-Co1| 121.26| 121.33| 121.28
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Table 5.1 (cont.)

C35-Cs3 1.404 C10Coo-Hos | 119.26 | 119.22| 119.77
C35-Cso 1.490 Co1-Coo-H2s | 119.46 | 119.44| 119.64
C39-Ca0 1.384 Co0-C21-Co2 | 119.72| 119.73| 120.25
Cu0Ca1 1.403 Coo-C21-O26 | 125.22 125.08
C11-Css 1.359 C22-C21-O26 | 115.04 114.66
Os6-Ha7 0.966 C21-C22-Cos| 119.25 119.38
Cs0-Os1 - 1.245 C21-C22-03z1| 115.45 115.48
Os1H10 - 1.748 C23-C22-031| 125.28 125.13
O51.09 - 2.730 C2-Co3-Co4| 120.35 119.38
Cs50-Cs2 - 1.467 Co2-Coz-Hzs| 120.18 120.10
Cs2-Hs3 - 1.084 Co4-Co3z-Hzs| 119.46 120.18
Cs52-Cs4 - 1.355 C19-C24-Co3| 121.25 121.98
Cs4-Css - 1.452 C19-Cos-Hz7| 119.39 119.02
Cs6-Cs7 - 1.417 Coz-Cos-Hz7| 119.34 118.99
Cs6-Co1 - 1.400 C21-026-Co7| 117.97 117.54
Cs7-Css - 1.385 0O26-Co7-H2g| 105.91 109.52
Cs5-Cso - 1.426 O26-Co7-H29| 111.66 109.47
Cs5-Cos3 - 1.361 O26-Co7-Hz0| 111.67 109.46
Cs9-Coo - 1.394 C22-031-C32| 118.06 118.23
Cs9-Ces - 1.354 031-C32-Hz3z| 105.86 109.49
Co0-Cos1 - 1.395 O31-C32-Hs4| 111.56 109.49
Ceo-H73 - 1.083 031-C32-H3zs| 111.57 109.49
Ce1-H74 - 1.085 H3z3-C32-Hzs| 109.31 109.38
O63-Cs4 - 1.418 H33-Cs2-H3s| 109.30 109.50
Ce4-Hes - 1.090 H3z4-C32-Hzs| 109.13 109.49
Cos-Hee - 1.097

Ces-He7 - 1.098

Oeg-Ceg - 1.422

Cso-H7o - 1.090 125.22 125.08
Ceo-H71 - 1.097 115.04 114.66
Ceo-H72 - 1.097 119.25 119.38

5.5 NATURAL BOND ORBITAL ANALYSIS

NBO analysis with regards to stabilization energy, between occupied Lewis-
type NBOs and unoccupied non- Lewis NBOs were listed in Table 5.2. To elucidate
intermolecular hydrogen bonding, intermolecular charge transfer (ICT),
rehybridization, delocalization of electron density and effect due to n"tQ)0 -
H) the NBO analysis has been performed on DIM single molecule and two molecule.

The intermolecular G4...0 hydrogen bonding is formed by the orbital overlap
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between the 1tO) and "* (O-H) which results ICT causing stabilization of the H-
bonded systems. Hence hydrogen bonding interaction leads to an increase in electron
density (ED) of O-H antibonding orbital. The increase of population in O-H
antibonding orbital weakens the O-H bond. Thus the nature and strength of the
intermolecular hydrogen bonding can be explored by studying the changes in
electron densities in the vicinity of O-H hydrogen bonds. The NBO analysis in
comparison between single molecule and two molecule clearly manifests the
evidences for the formation of a strong H-bonded interactions between oxygen lone
electron pairs and "{O-H) antibonding orbital. The magnitude of charge transferred
from lone pair n (@) of the hydrogen bonded O atom in to the antib&ndOo-

H1o) significantly increased (0.06096e) upon two molecule optimization providing
clear-cut substantiation about the weakening of bonds and their elongation. The
changes in electron density in the O-H hydrogen bonds obviously investigate the
nature and potency of hydrogen bond. The stabilization energy E (2) associated with
hyper conjugative interactions of ([©s1)-"* (Oo-Hi0) and r (Os1) "* (Oe-Hio) are

49.99 and 76.06 kJ/mol respectively. The stabilization energy associated with the
interaction of B (Og)-"* (Css-Hss) is about 4.68 kJ/mol. The second order
perturbation theory analysis of Fock matrix also indicates intra molecular
interactions due to the orbital of ¢ {€s), ¢ (Co-C3), * (C19-Cz4) With «* (C2-Cy),

**(C 4-Cs) and * (C15-C17), resulting in high stabilization energy of 88.49, 104.13
and 60.62 kJ/mol respectively. An important hyper conjugative interactighis -
associated to the resonance in the molecule. Among all hyper conjugative
interaction, the electron contribution from a lone pair of(@) atom to the

antibonding acceptor «* (&Cs) of the phenyl ringl leads to the stabilization of
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120.66 kJ/ mol (126.65 kJ/ mol in the two molecule) in DIM single molecule. The
intramolecular charge transferred from the lone paifQas) and n (Os1) to the
antibonding of «* (Go-C21) and G2>Czz of phenyl ring2, is associated to the
resonance in the moiety resulting to the stabilization energy 113.59, 115.23 kJ/ mol
respectively. A strong stabilization of 1009.39 kJ/mol is formed in the phenyl ring2
due to ** (C2-C23) **(C 19-C24) interaction. These ICTs (m%, n-"*, « -¢*) around

the ring can induce the bioactivity in the molecule.

Table 5.2: Second order perturbation theory analysis of Fock matrix in NBO

basis
: : a E()-E()® F(i.) ¢
Donor (i) | Acceptor (j) | E(2)2 kd/mol (a.u) (au)

Within unit 1
* (C1-Co) o* (C2-Cy) 89.20 0.29 0.071
* (C2-Cy) **(C 4-Cs) 94.80 0.28 0.073
* (C19Cos) | *(C15C17) 60.62 0.31 0.063
N1(Oo) "*(C 4-Cs) 27.27 1.14 0.077
o* (C 13-014) | ** (C 1-C) 443.25 0.02 0.066
o* (C 13-014) | ** (C 15-Cy17) 129.62 0.03 0.068
n2(Ov) *(C 4-Cs) 126.65 0.33 0.095
n1(O1s) "(C 4-Cs) 7.07 1.09 0.039
n2(O14) "(C 4-Ce) 84.43 0.67 0.105
N1(Oze) o* (C20C21) 27.53 1.17 0.078
N2(O26) o* (C 20-C21) 113.59 0.34 0.090
N1(Oz1) o* (C22C23) 27.614 1.16 0.078
N2(Oz1) o* (C22C23) 115.23 0.34 0.091
o* (C22-C23) | ** (C 19-Co4) 872.28 0.01 0.081
From unit 1 to unit 2
N1(Oo) "*(C 50-O51) 0.543 1.12 0.011
N1(Oo) "*(C 54-Hss) 3.221 1.05 0.025
N2(Oo) "*(C 54-Hss) 4.686 0.77 0.027
From unit 2 to unit 1
N1(Os1) "*(O 9-H10) 49.99 1.12 0.104
N2(Os1) "*(O 9-H10) 76.06 0.78 0.108
Within unit 2
N2(Oase) o* (C41-Ca2) 116.56 0.34 0.093
N2(Os1) "*(C 38-Cs0) 80.66 0.72 0.107
N2(Os1) "*(C 50-Cs2) 51.75 0.73 0.086
N2(Ogg) ** (C 59-Cé0) 118.11 0.33 0.091
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a E(2) means energy of hyper conjugative interactions.

b E())-E(i) means the energy difference between donor and acceptor i and |

Natural Bond orbitals.

c F(i,j) is the Fock matrix element between i and j Natural Bond orbitals.
5.6 QUANTUM THEORY OF ATOMS IN MOLECULE

QTAIM is suitable for investigation of molecules interaction with their direct

environment. The Laplacian surface of the electron density is not only a function
useful for characterization of the bonds pattern but also for probing reactive sites in
a molecule indicating the degree of susceptibility to electrophilic or nucleophilic
attack. However, the QTAIM based formalism reveals the nature and strength of the
interactions between neighboring atoms. From the QTAIM calculations the values
of electron density # and the corresponding Lapladiarfor all BCPs of covalent
bonds are obtained. The bond topological parameters have been listed in Table 5.3.

The molecular graphs of two molecule and single molecule have been plotted in Fig.

5.3.

Fig. 5.3 Molecular graph of DIM two molecules of different bond path at
critical points at (3,-1)
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The electron density distribution #(r) is treated as a scalar field and examined
by the analysis of the accompanying gradiétr) vector field. Depending on the
nature of the stationary points (maxima, saddle points, or minima in the electron
density) it describes core-, bond-, ring-, and cage critical points denoting as nuclear
attractor critical point (NACP), local maximum of electron density, bond critical
point (BCP), minimum in the direction of the nucleus and maximum in another main
direction, ring critical point (RCP), minimum in two principal axes, and cage critical
point (CCP), local minimum of electron density, respectively are obtained. The
covalent and ionic interactions present in the molecule are classified based on the
electron density and Laplacian of electron density. The surface of Laplacian of the
electron density, which delivers better description of the reactive sites in molecule
than electron density itself, was determined. The parameters characterizing each
bonding or intermolecular interaction were calculated by the ellipticity of the bond,
$, the total electron energy density at BCRogH and its components, the local
kinetic energy density (§zr) and the local potential energy densitys€W, and
hydrogen bonding energy IHB.

Analysis of the chemical bonding in terms of quantum theory of atoms in
molecules depends the electron charge density # and on its topology isitake
approach to the 3-D analysis of molecular wave functions, and the concept of
delocalization index [98, 99]. CPs are then designated by the pair (r, s) and the four
types of rank 3 CPs in 3D are denoted as (3, -3), (3, -1), (3, +1) and (3, +3). The (3,
-3) CPs are local maxima, the (3, +3) CPs local minima, and the (3, -1) or the (3, +1)

CPs are the saddle points in one or two dimensions. The occurance of (3, -1) critical
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point between any atoms in a system under equilibrium is needed for the chemical
bonding between these atoms, and this point is known as a bond critical point (BCP).
The molecular graph of DIM at BCP (3, -1) is shown for different bond path.

QTAIM reveals the presence of intermolecular interactions. The BCPs
located at Ho-Os1, Oe-Hss, H11-Os1 hydrogen bonds have been characterized by low
electron density (0.26, 0.08, 0.058and positive Laplacian of electron density
(2.81, 0.87, 0.66 e A indicate the presence of intermolecular Q-8 and C-H..O
hydrogen bonding. Slight changes in the Laplacian value of C-C bonds occur when
going from single molecule to two molecule. The Laplacian value of charge density
decreases from 2.385 to 2.16 € dhen going from single molecule to two
molecule. The QTAIM calculations yielded the average values of electron dénsity
coof 2.65, 1.94, 1.71 and 1.70 €*4or Ciz- Ous, Oz1- Coz, Oz~ C21, Oz6 -C27and
Cs>- Oz1. The corresponding Laplacian values are 2.385, -7.81, -8.52, -10.09 and -
9.90 e A® respectively. The positive Laplacian value confirms the presencesof C
Ou4 involved in the intermolecular interactions in the single molecule as well as in
the two molecule also. The potential electron energy densities at critical point are
correlated with the intra/inter molecular hydrogen bond by the expressiersE
1/2V (BCP) [1000]. The interaction energy (IHB) calculated from the Espinosa
hypothesis (-8.78, -2.19 and -1.25 kcal/mol) denote the presence of hydrogen bond
while forming adduct. The intermolecular hydrogen bond energy of two molecule

(O-H...O) has been calculated as -8.78 kcal/mol.
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Table 5.3: Topological parameters for bonds of interacting atoms of one molecule
and two moleculeselectron density ! (r), Laplacian of electron density
21 (r), electron kinetic energy density (G), electron potential energy

density (V) , total electron energy density H) at bond critical point

Two molecules
Bond I(r) W2(r) \Y G H " IHB
Ci-C; | 2.06 |-19.70 |-0.393 0.094 | -0.299 | 1.815
Cx-C3 | 2.14 |-19.86 |-0.427 0.104 | -0.323 | 0.232
Cs-C3 | 2.11 |-20.94 |-0.407 0.095 | -0.312 | 0.229
Cs-C4 | 2.09 |-20.58 |-0.408 0.097 | -0.311 | 0.236
Ce-C1 | 2.07 |-19.63 |-0.396 0.096 | -0.300 | 0.197
Ce-Cs | 2.24 |-20.48 |-0.417 0.102 | -0.315 | 0.233
Cx-H7 |1.94 |-25.66 |-0.343 0.038 | -0.305 | 0.010
Hs-Cs3 | 0.21 |-24.38 |-0.338 0.042 | -0.296 | 0.024
Cs-O9 | 1.99 |-8.58 -0.830 0.370 | -0.460 | 0.017
Hi0-O9 | 2.29 | -47.65 |-0.635 0.070 | -0.565 | 0.018
Hi1-Cs | 1.92 | -24.46 | -0.339 0.042 | -0.297 | 0.026
Hi2—Cs | 1.93 | -24.62 | -0.342 0.043 | -0.299 | 0.013
Ciz-C; | 1.81 |-15.92 |-0.293 0.064 | -0.233 | 0.112
CizOwa | 2.64 |2.16 -1.342 0.682 | -0.658 | 0.039 -421.1
Cis-Ci3| 1.83 | -16.24 |-0.301 0.066 | -0.235 | 0.116
Ci7-Ci5 | 2.28 | -23.37 |-0.494 0.126 | -0.368 | 0.301
Cio- C17|1.88 |-17.13 |-0.320 0.071 | -0.249 | 0.095
Cos Ci9| 2.10 | -20.33 | -0.408 0.099 | -0.309 | 0.217
O31-C22 | 1.96 |-7.84 -0.808 0.363 | -0.517 | 0.035
O26- Co1]1.94 |-852 -0.792 0.352 | -0.440 | 0.038
O26-C27 | 1.71 |-10.16 |-0.622 0.258 | -0.364 | 0.007
Cs> 031 ]1.71 |-10.05 |-0.619 0.257 | -0.362 | 0.006
Os51-Cs0 | 2.56 | 0.19 -1.27 0.637 | -0.633 | 0.018 -398.4
Csg- C33 | 2.06 |-19.69 |-0.392 0.094 | -0.298 | 0.179
Hi1- Os1 | 0.05 | 0.66 -0.004 0.005 | 0.001 | 0.400 -1.25
Os6- C41 | 1.95 | -7.78 -0.810 0.365 | -0.445 | 0.021
Ous6- Ha7 | 2.46 | -50.05 | -0.670 0.075 | -0.595 | 0.022
Os1-Hip| 0.26 | 2.81 -0.028 0.027 | -0.001 | 0.016 -8.78
O9-Hs5 | 0.08 | 0.87 -0.007 0.008 | 0.001 | 0.398 -2.19
Css- Os3 | 1.95 | -8.55 -0.799 0.355 | -0.444 | 0.040
Ce4-Oes3 | 1.71 |-9.99 -0.622 0.259 | -0.363 | 0.005
Cesa-Hes | 1.94 | -25.54 | -0.340 0.037 | -0.303 | 0.043
Hee- Cosa | 1.91 | -24.18 | -0.329 0.039 | -0.29 0.044
Her- Cesa | 1.90 | -24.14 | -0.329 0.039 | -0.29 0.044
Cs9-Ops | 1.98 | -7.66 -0.825 0.373 | -0.452 | 0.0298
Oes- Cso | 1.69 | -9.64 -0.613 0.256 | -0.357 | 0.004
Ceo-H7o0 | 1.95 | -25.62 |-0.341 0.037 | -0.304 | 0.044
Ceo- H73 | 1.93 | -24.61 |-0.343 0.044 | -0.299 | 0.025
H74-Cs1| 1.93 | -24.94 | -0.340 0.041 | -0.299 | 0.018
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Table 5.3 (cont.)

One molecule

Ci- & 2.07 | -19.77 -0.394 | 0.094 | -0.300 0.18
Co- G 2.14 | -20.99 -0.426 | 0.104 | -0.322 0.23
Cs-G 2.12 | -21.13 -0.414 | 0.098 | -0.316 0.23
Cs- Cs 2.11 | -20.80 -0.416 | 0.100| -0.316 2.51
Ce- C1 2.07 | -19.79 -0.401 | 0.098 | -0.303 0.19
Ce- Cs 2.10 | -20.36 -0.414 | 0.101 | -0.313 0.32
Co- H7 1.95 | -25.89 -0.344 | 0.037 | -0.307 0.01
Hs -C3 1.91 | -24.66 -0.339 | 0.042 | -0.297 0.02
Cs-Og 1.94 | -7.841 -0.802 | 0.360 | -0.442 0.02
Hi1o -Oo 2.46 | -49.97 -0.609 | 0.076| -0.533 0.02
Hi1-Cs 1.89 | -23.45 -0.334 | 0.045| -0.289 0.03
Hi>—Ce 1.93 | -24.81 -0.342 | 0.043| -0.299 0.13
Ciz G 1.79 | -15.69 -0.288 | 0.063 | -0.225 0.11
Ci3 Ows | 2.65 2.385 -1.348 | 0.687 | -0.661 0.04 -422.9
Ci5-Ciz | 1.84 | -16.40 | -0.305 | 0.067| -0.238 0.12
Ci7-Ci5 | 2.28 | -23.29 -0.492 | 0.125| -0.367 0.30
Cio Ci7 1.89 | -17.23 -0.322 | 0.071| -0.251 0.10
Cos-Cio | 2.10 | -20.31 -0.408 | 0.099 | -0.309 0.22
O31- Co2 1.96 -7.81 -0.814 | 0.366 | -0.448 0.03
O26- Co1 1.94 -8.52 -0.796 | 0.353| -0.443 0.04
O26-Co7 1.71 | -10.09 -0.623 | 0.259 | -0.364 0.01
Cs2- O31 1.70 -9.90 -0.618 | 0.257 | -0.361 0.01
Os1 -Cso
Csg- Cass
H11- Os1
Ous- Ca1
Ouse- Haz
Os1 -Hio
Og -Hss
Csg- Oes3
Ce4 -Os3
Ce4 -Hes
Hee- Co4
He7- Ce4
Cs9 -Oss
Oeg- Caso
Ce9 -H70
Ceo- H73

H74 -Ce1

1 a.u. of #(r) = 6.7483 eA and 1 a.u ofi># (r) = 24.09%A®. The units of V, G,
and H are in a.u, and IHB is in kcal/mol.
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5.7 VIBRATIONAL ANALYSIS

The title molecule consists of 37 atoms which gives rise to 105 normal modes
of vibrations. Non-redundant set of 105 internal coordinates TabfersSDIM has
been defined. Selective scaling was incorporated using a set of 12 transferable scale
factors Table 5.5with a reasonable RMS error of 10 ¢énmiTable 5.6 gives the
observed IR and Raman bands with their relative intensities and calculated scaled
wave numbers and assignments. Fig. 5.4 shows the observed and theoretical FT-IR

and FT-Raman spectra.

Fig. 5.4 Simulated (A, C) and experimental (B, D) Fourier Transform Infra
red and Raman spectra of DIM calculated at B3LYP/6-31G** level of
theory
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Complementary regions are observed in the 2-D
fingerprint plots where one molecule acts as a donor (de > di) and the other as an
acceptor (de < di) [24]. The .HH interactions comprise of 43.4% of the total
Hirshfeld surface area. The 2-D fingerprint plots illustrate a large surface of scattered
points as in Fig. 5.4d. It should be noted that theHHinteractions have significant
contribution to the total Hirshfeld surface in analyzed DIM. The proportion-of O
H/H-O contacts comprising of 13.4% of the total Hirshfeld surfaces for each
molecule of the compound which is also supported by experimental data. The
decomposition of the fingerprint plot showsHIH-C contacts comprise of 12.4%
of the total Hirshfeld surface area. TheCcontact includes only 6.3% of the total
Hirshfeld surface area as shown in Fig 5.4e. Th® Contacts shown in Fig. 5.4g

have only 1.4% of the total Hirshfeld surface area on the fingerprint plot.









