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ABSTRACT

In this work, the experimental and theoretical electronic absorption spectra of
quinoline carboxaldehyde (QC) derivatives were studied. QC has seven different
positional isomers, Q-n-C, n=2-8 depending on the position of aldehyde group. The
UV-vis absorption spectra of the molecules under investigation were examined in the
range of 190-1100 nm using water as solvent. There are two rotomers for QC depending
on the spatial orientation of C=0. Computational results identified the most stable
rotomer as Rotl. The geometrical parameters of all seven isomers were obtained using
Density functional theory (DFT) at 6-311++G(d,p)/B3LYP level of theory. Electonic
properties such as excitation energy, absorption wavelength, oscillator strength and
HOMO and LUMO energies were performed by time dependent density functional
theory (TD-DFT) in gas-phase and solvated phase of water. Finally the simulated
spectra show good agreement with observed spectra.

Keywords: Quinoline carboxhaldehyde, electronic spectra, DFT, TD-DFT, HOMO-
LUMO, MESP.
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o)y

Bu ¢alismada, kuinolin karboksaldahid (QC) nin deneysel ve teorik sogurma
elektronik spektrumlari ¢aligilmistir. QC, aldehyde gurubunun konumuna bagli olarak
{Q-n-C, n=2-8}; yedi farkli konum izomerine sahiptir. incelenen molekiillerin UV-vis
sogurma spektrumlart 190-1100 nm araliginda ve su cozeltisinde incelenmistir. C=0
nun uzaydaki yonelimine bagl olarak QC nin iki rotomeri vardir. Hesaplama sonuglari,
en kararli rotomerin Rotl oldugunu belirlemistir. Yedi izomerin de geometrik
parametreleri, 6-311++G(d,p)/B3LYP teori seviyesinde Yogunluk Fonksiyonu Teorisi
(DFT) kullanilarak elde edilmistir. HOMO ve LUMO enerjileri, titresici siddeti,
sogurma dalgaboyu ve uyarma enerjileri gibi elektronik oOzellikler; gaz ve suda
¢ozlinmis fazlarda, zamana bagli Yogunluk Fonksiyonu Teorisi (TD-DFT) kullanilarak
hesaplanmustir. Son olarak; teorik spektrumlarin deneysel spektrumlar ile tam bir uyum
icinde olduklar1 gézlenmistir.

Anahtar Kelimeler: Kuinolin Karboksaldehid, elektronic spektrUM, Yogunluk
Fonksiyonu Teorisi (DFT), zamana bagli Yogunluk Fonksiyonu Teorisi (TD-DFT),
HOMO-LUMO, MESP.
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CHAPTER 1

INTRODUCTION

Quinoline is a heterocyclic aromatic organic compound with chemical formula
CsH,N characterised by a double-ring structure containing benzene fused to pyridine at
two adjacent carbon atoms. It is colourless hygroscopic liquid with strong odour [1,2].
Old samples when exposed to light turn to yellow and later to brown [3]. It is slightly
soluble in cold water but readily in hot water and most organic solvents. Quinoline was
first extracted from coal tar in 1834 by Friedlieb Ferdinand Runge [4] and named it
“Leukol”. It was also obtained in 1842 by Gerhardt through alkaline distillation and
named it “Chinolein” or “Chinolin”. Similarity between leukol and chinolin was
established by Hoogewerff and Van Dorp in 1882. Dewar was the first to propose the
correct structural formula for quinoline. Other names for quinoline include 1-
azanaphthalene, 1-benzazine, benzazabenzene, benzopyridine, 1-benzine, chinoline and
leucoline [1]. Quinoline yellow is used for dying textile such as silk, wool, nylon, and
also for dying paper [5]. Compounds of quinoline family are broadly used to make
drugs especially fungicides, biocides, alkaloids, dyes, rubber chemicals and flavouring
agents. They are also used as catalyst, corrosion inhibitor and preservative [6].
Quinoline derivatives continued to attract attention for their applications in the field of
anti-malarial [7-13], biological [14-17], anti-bacterial [18,19], anti-filarial [20] and anti-
tuberculosis [21] activities. The derivatives of quinolines are also extensively used for

receptor agonists [22-26], cardiovascular [27], and anti-neoplastic [28] activities.

Quinoline carboxaldehyde (QC) is a derivative of quinoline. In QC, aldehyde
group is attached to quinoline. It has molecular formula of Ci;oH;NO. Quinoline

carboxaldehyde exhibits seven different positional isomers relative to carboxaldehyde



group namely; n-quinoline carboxaldehyde or quinoline-n-carboxaldehyde where n=2,
3, 4,5, 6,7, 8 representing the position of carboxaldehyde. This change in position of
aldehyde group in quinoline ring leads to variation of structural parameters and charge
distribution, and subsequently this affects chemical stability of the molecule. Quinoline
carboxaldehyde is noted for its various applications. Quinoline-2-carboxaldehyde is an
important component in the standard Henry reaction with variety of nitroalkanes [29].
Quinoline-3-carboxaldehyde and quinoline-4-carboxaldehyde are used in the sythesis of
electron deficient complexes of biomedical important [30]. Quinoline-4-carboxaldehyde
was also shown to form one-dimensional metal-organic coordination polymer [31].
Quinoline-6-carboxaldehyde is used in the synthesis of 1H-pyrrolo[2,3-f]quinoline-2-
carboxamides [32]. Quinoline-8-carboxaldehyde also forms complexes with Palladium
(1) and Platinum (I1) [33]. For these reasons, understanding the spectral properties of

quinoline and its derivatives is of great importance.

Both theoretical and experimental molecular properties of quinoline (electronic,
Infrared, Raman, *H, °C, N and ®N NMR spectra) have been extensively studied
[1,34,35]. Vibrational spectra of some quinoline carboxaldehyde isomers have been
investigated recently [36-39]. However, thorough literature survey revealed that, there
have been no reports on the electronic spectra of quinoline carboxaldehyde. Therefore,
in the present study, the theoretical electronic absorption spectra in gas phase and water
would be compared with the experimental spectra also in water for the seven isomers of
quinoline carboxaldehyde. Conformational analysis, frontier molecular orbitals (FMOSs),
global chemical reactivity indices and molecular electrostatic potential (MESP) map
would also be discussed. Quinoline carboxaldehyde would be abbreviated henceforth as

QC.



CHAPTER 2

THEORETICAL BACKGROUND

2.1 ELECTRONIC ABSORPTION SPECTROSCOPY OF MOLECULES

The electronic spectra of molecules are found in the region of wavelength range of
100 to 700 nm of the electromagnetic spectrum. A region known as ultraviolet and
visible (UV-vis) regions. The visible region, to which the human eye is sensitive,
corresponds to the range of wavelengths between 400 and 700 nm. The ultra-violet
region is subdivided into two spectral regions. The range between 200 and 400 nm is
referred to as the near ultraviolet region. The region below 200 nm is called the far or
vacuum ultra-violet region. Routine analysis is mainly done on the near-ultraviolet [40].
The visible region of the electromagnetic spectrum was discovered by Newton in 1764
and the ultraviolet region by J.W. Ritter in 1801 [41].

When a molecule absorbs radiation, its energy increases, this increase is equal to

the energy of the photon as expressed by the relation

E=hy=" (2.1)

where h is Planck’s constant, v and A are the frequency and the wavelength of the

radiation respectively and c is the velocity of light.

Absorption of UV-vis radiation by molecular absorbing species is a two-step

process. Firstly the absorbing species is excited electronically upon absorbing photons

M+ hy— M= (2.2)



Where M and M* are the species before and after excitation respectively and hv is
the photon energy. This process is very fast of the order of 10 to 10”%. The second step
involves dissipation of the excess energy. Excited species can easily utilise their excess
energy through various relaxation processes, most commonly through conversion of the

excess energy into heat [42].
M #— M + heat (2.3)

Alternatively relaxation may occur through emitting the absorbed photons in a
process known as luminescence. If the process took place fast then it is called
fluorescence. In some cases the processes may occur slowly and it is termed as

phosphorescence [43].

UV-vis absorption involves excitation of an electron from the ground state to
higher excited state. The energy differences between electronic levels in most molecules
vary from 125 to 650 kJ/mole [44]. The change in energy in the electronic energy level
is accompanied by vibrational and rotational energy levels of the molecule. Quantum
size of electronic transition is much greater than that of vibrational transition which in
turn is much greater than that of rotational transition [45]. Many vibrational and
rotational excitations to higher energy levels associated with higher excited states are
possible. Therefore a molecule can be excited from the same electronic, vibrational and
rotational energy levels to a single excited electron state but different vibrational and
rotational energy levels [46]. Electronic transition has a coarse structure consisting of
many vibrational transitions and fine structure consisting of many lines of rotational

transitions. Fine structure can only be resolved with high resolution instrument. [47].

By Born-Oppenheimer approximation- the nuclei in a molecule are very heavier
than the electrons, and therefore tend to move slowly- the total molecular wave
function ¥, ..;, can be approximated as the product of the wave functions of the three
individual motions [47,48].

"-Prﬂtﬂl = 11{’9 L&uwr (24)

The vibrational transitions that always accompany allowed electronic transition
are called vibronic transitions. In electronic transition, there is no selection rule for the

vibrational quantum number. However, vibronic transitions are observed not have the



same intensity. This is explained by the so called Franck-Condon Principle. It states that
electronic transition in a molecule takes place so fast so that, in a vibronic transition the
nuclei maintain the same position and velocity before and after the transition [45, 49,

52]. The intensities of vibronic transitions are governed by the value of
I a[ Py (R, (R)dR (2.5)

known as the vibrational overlap integral. Its square is known as the Franck-Condon
factor [48, 49].

Figure 2.1(a) depicts a case where inter nuclear separation of upper and lower
states are the same. According to Franck-Condon principle, transition occurs in a very
short time, therefore transition is described by drawing vertical line drawn between the
two potential curves. The most probable transition in Figure 2.1(a) is transition from A
to B. Transition from A to C is unlikely to occur - though it maintains nuclei position —
because the kinetic energy of the nuclear and inturn its velocity is increased in moving
from B to C. In Figure 2.1(b), the internuclear separation of the two states is different.
Transition from A to B is the most probable as nuclear remains stationary and maintains
the same velocity. Transition from A to C is not possible because it involves change in
inter nuclear separation. Likewise transition from A to D involves change in nuclear

velocity and therefore it is not likely to occur [49].

Figure 2.1 Franck-Condon principle for () . # r.," and (b) r; =1.".



All organic compounds are capable of absorbing electromagnetic radiation
because all contain valence electrons that can be excited to higher energy levels. [42].
Absorption occurs when a ground state electron in a bonding or non-bonding molecular
orbital transition to anti-bonding orbital. The electrons that contribute to absorption by
organic molecules are o, © and n electrons. Molecular orbitals associated with single
bonds in organic molecules are designated as ¢ orbitals and the corresponding electrons
as o electrons. o orbital results from the overlap of two s orbitals, s orbital with p orbital
or head-to-head overlap of two p orbitals. o orbital has cylindrically symmetrical
electron density around the internuclear axis. It corresponds to single bonds between
atoms and to one of the bonds in double or triple bonds. = orbitals are formed by the
parallel overlap of atomic p orbitals. Their charge distribution is characterised by a
nodal plane along the axis of the bond and a miximum electron density in regions above
and below the plane. & orbital has a cloud of electrons above and below the internuclear
axis. n electrons are unshared electrons found in organic compounds with chromopore
containing heteroatoms like oxygen, nitrogen, sulphur, chlorine, bromine, phosphorus

etc. These electrons neither increases nor decreases the stability of a molecule [42, 46].

ao 00

o

S Q D
— ¢ O

Figure 2.2 Bonding and anti-bonding molecular orbitals.

Four types of molecular electronic transitions that result from absorption of
radiation whose magnitude falls in the UV-vis region are possible, viz., c—c*, n—c*,

n—n*, and n—mn*.
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Figure 2.3 Energy levels of electronic transitions.

o—c* transition requires the greatest energy and is observed mainly in vacuum
ultra-violet region (A below 150 nm). Saturated compounds such as alkane with no non-
bonding orbital can show this kind of transition. Because vacuum ultra-violet region is
not accessible by spectrophotometers, absorption maxima due this transition are not
observed under ordinary conditions and hence are not used in routine analysis. n—c*
transitions require less energy. Saturated hydrocarbons with non-bonding electron such
as methyl chloride undergo this transition. 7—n* and n—n* transitions are found in
near-ultra violet region (200 to 700 nm). These are the most important transitions in
chemical analysis. Both m—n* and n—n* transitions require the presence of an

unsaturated functional group to provide = orbitals [40].
2.2 DENSTIY FUNCTIONAL THEORY

Density functional theory (DFT) is a quantum mechanical ab initio method used
in Physics and Chemistry for the study of ground state electronic structures of quantum
mechanical many-body systems, more precisely molecules and condensed matter phases
[53]. The basic idea behind DFT is that the energy of an electronic system can be
expressed as a function of electron probability density p(r) which in turn is a function
depending only on three spatial coordinates. Hence the electronic energy is determined
using functionals- functions of another functions- this gives rise to the name density
functional theory [54-56].

DFT proves to be efficient and less demanding computationally even for fairly

large systems when compared with Hartree-Fock method and its derivatives that use the



concept of electron wave function [57]. It produces results that generally agree with
experiment. Another notable feature of DFT is that it accounted for exchange energy
along with correlation energy. This is one of the reasons behind popularity of DFT. The
concept of density functional was first introduced in 1927 through the works of L.H.
Thomas and E. Fermi (working independently) to investigate the electronic structure of
many-body system. The model was named after the two as Thomas-Fermi (TF) model
[55,57,58]. However, TF model suffers some major drawbacks as the kinetic energy in
it is poorly represented and it cannot describe molecular bonding [58]. In 1964 P.
Hohenberg and W. Kohn give a formal proof of density functional asserting that the
ground state electronic energy can be determine completely by electron density. But
Hohenberg-Kohn theorem tells us nothing about the nature of the functional dependence

of energy on the density it only proves its existence [57-59].

In KS-DFT, the Schrodinger equation for one-electron spin orbitals system has

the form

=V = B + & e () + Ve [) | () = £, (D) (2.6)

The first term in the left side of Eq. (2.6) represents the kinetic energy of the
electrons; the second term represents the electron—nucleus attraction; the third term
represents the Coulomb interaction between the total charge distributions. The last term
is the exchange—correlation energy of the system. Ey[e] takes into account all non-
classical electron-electron interactions. Among these terms, E[2] is the one we do not
know exactly but according to HK-theorem E and Ex-[e] are functional of p(r), we
don’t know the exact analytical form of E;-[¢] and so are forced to make approximate

expression for it. The exact ground-state electron density is given by
p(r) = Zilw, (r) 7 (2.7)

where the sum is over all the occupied Kohn—Sham (KS) orbitals. For many- electron
system the total energy is given by

E =X, &~ drd’r'p() =z p() + Excle]l — [ d®rVyc[pl p(r) (2.8)

£; is the KS orbital energies and V- is the functional derivative of E;- given by [56]



Vaclo] = 22 (2.9)

Several approaches have been deviced for obtaining approximate forms for the
exchange—correlation energy functional. The main source of error in DFT usually
arises from the approximate nature of E;-[p2]. A primitive approach is the local density
approximation, LDA. The density is assumed to be uniform throughout the system as in
uniform electron gas. But this is not always true though it has yielded some accurate
results especially in the prediction of structural properties [55]. To improve LDA
approach, generalized gradient approximation (GGA) was developed. In GGA exchange
and correlation terms are made to depend not only on the electron density but also on
the gradient of the density. One of the famous GGA was developed by Becke. Other
GGA functionals are PW86 (Perdew —Wang 1986), PW91 (Perdew-Wang 1991), PBE
(Perdew, Burke and Ernzerhof), etc [60]. Further advancement beyond GGA functionals
continued to appear. Based on that, hybrid-functional that utilises Hartree-Fock
corrections co-jointly with density functional correction and exchange was developed.
One of the best functional in quantum chemistry is B3LYP. This is a combination of the
Lee-Yang-Parr (LYP) GGA for correlation with Becke’s three-parameter hybrid

functional B3 for exchange [55].
2.3 COMPUTATIONAL DETAILS

All computations were performed using GAUSSIANO3 programme [61]. The
initial structure of QC molecules were modeled with the GaussView programme [62]
and was later optimised in gas phase using the Becke’s three parameter hybrid
functional in conjunction with Lee-Yang-Parr correlation functional (B3LYP); hybrid
DFT functional with the 6-311G++(d,p) basis set. This basis set adds polarisation
functions of three p-type polarisation functions and one s-type diffuse function to the
hydrogen atom as well as five d-type functions and one p-type function on atoms other
than hydrogen atoms [38]. The inclusion of extra polarisation functions does not affect
the excitation energies [63]. These optimised geometries were then subjected to 40 state
TD-B3LYP [64] in gas phase and water solvent to obtain vertical electronic absorption

spectra wavelengths with their corresponding oscillator strengths.

The bulk solvent effects were treated using the standard polarisable continuum

model (PCM). In PCM one devides the problem into a solute part (in our case QC) lying
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inside a cavity, and a solvent part (here water) as a structureless material, characterised
by its dielectric constant and other macroscopic properties such as density, molecular
volume etc. PCM can only give valid approximation as far as there is no specific
interaction such as hydrogen bonds between the solute and the solvent molecules
[63,65-69]. For excited states, there are two kind of PCM model: equilibrium and non-
equilibruim solutions. For the study of UV-vis spectra, we have selected the non-
equilibruim PCM solutions because only the solvent electronic distribution can
instantenously adapt to the new (excited) electronic structure of the solute, while

molecular motions of the solvent are frozen during the process [65].

The MESP and FMOs were plotted using GaussView [62] after the TD-DFT

calculations.



CHAPTER 3

EXPERIMENTAL STUDIES

3.1 INSTRUMENTATION

Spectrophotometer is the instrument used to measure UV-vis absorption spectrum.
Spectrophotomteres are classified as single and double-beam instruments according to
the type of wavelength selector and detector. Both single and double-beam
spectrophotometers are used in UV-vis absorption spectroscopy. In a single-beam
instrument, one beam of radiation is used and passes through a single cell. It is primarily
used for studies performed at a single wavelength. Double-beam instrument divides the
incident radiation into two beams and passed them through two separate cells. One of
the cells is filled with pure solvent and the second cell is filled with the sample solution.
Double-beam instruments can be used at a fixed wavelength or to scan through a
wavelength region. Double-beam instruments have the advantage of eliminating
variations in intensity of the radiative source or variations in electronic response of the
detectors [46]. A typical spectrophotometer comprises of the following components:
Radiation source, Monochromator, Sample container, Detector, Readout devices as

shown in Figure 3.1.

Sources; for the purpose of molecular spectroscopy, a radiation source which is
continuum, durable, stable and constant over a considerable range of wavelengths is
required. The common sources of radiation used are deuterium lamp, tungsten and
xenon arc lamp. Tungsten filament lamp is the most common source of visible and near
infra-red radiation. Its radiation when heated equalise to that of blackbody radiation
[42,46]. It provides radiation from about 350 to 3500 nm [46]. In the UV region,

Hydrogen and Deuterium lamps are used as radiation source through electrical

11
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excitation at low pressure [42]. Hydrogen and Deuterium provide continuous radiation
from about 180 to 350 nm [46]. Xenon arc lamp produces radiation by the passage of
current through an atmosphere of xenon. The spectrum is continuum over the range of
200 to 1000 nm [42].

Monochromator; separates or disperses the radiation so that the frequencies
corresponding to particular energy transitions within the sample can be examined
individually. Polychromatic radiation entering the monochromator is directed on to a
narrow entrance slit and from there to the prism or grating. By rotating the prism or
grating, radiation of different frequencies and consisting of sharp images of the entrance
slit can be made to pass successively through a fixed exit slit and on to the detector. If
the output from the detector is fed to the chart recorder, a continuous trace of the
spectrum is obtained. Alternatively, a photographic film or plate or a series of exit slits
and detectors positioned along the focal plane of the monochromator enables radiation
of many frequencies to be detected simultaneously without rotating the prism or grating
[46].

Sample containers; in most cases, the sample under investigation is dissolved in
solvent forming solution of the absorbing substance. The solution is held in place in the
path of radiation in a cell or cuvette. The cell or cuvette that hold the solution of sample
should be made of material that is transparent to radiation in the spectral region of
study. In the visible region glass can be used. However, glass absorbs radiation in ultra-
violet region, and the cell that is used in the ultra-violet region is usually made of quartz
or fused silica. Quartz and silica are also transparent in the visible region. Cells are
usually made in rectangular form with parallel transparent windows through which the
radiation passes. For most routine analysis, a cell with a 1 cm path length is convinient
[42,46].

Detectors; detector converts the intensity of the light reaching it to an electric
signal [70]. Photoelectric transducers are used as detection devices in most modern
instruments. Photo electric transducer converts photons into electrical signal. Several
forms of transducers include barrier layer cells, photomultiplier tubes and
semiconductor detectors. Most modern instruments employ photoelectric transducers.
Photoelectric transducers have a surface that can absorb radiant energy. The absorbed

energy either causes the emission of electrons, resulting in a photocurrent or moves
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electrons into the conduction band of a solid semiconductor, resulting in an increase in

conductivity [71].

Readout devices; A large variety of readout devices are available in
spectrophotometers. Those that are encountered most often include analogue metres,
digital metres, printers or video diplays. Scanning instruments use recorders, computer-
controlled recorders, xy plotters, video displays or combination of computer-controlled

recorders or plotters and printers [46].

Mirror

N

D, lamp | Tungsten lamp Relerence
Mi m% E Photo diode
Data readout
. " 8
Filter =
(‘* Data 2
Processing E
=
] W Wavelength (nm)
w ] i Photo diode
Beam Sampl
. b b 15
splitter amp

Monochromator

Figure 3.1 Schematic diagram of double-beam spectrophotometer.

3.2 LAMBERT- BEER LAW

In routine analysis, molecular absorption of ultraviolet or visible radiation is
measured by passing monochromatic radiation through the sample. The radiation
absorbed by the sample is determined by comparing the intensity of the transmitted
radiation through the solvent with no absorbing sample to the transmitted radiation in
the present of the sample [40]. When light passes through cell containing the sample,
some of the photons in the incident radiation are absorbed by the sample, some reflected
by the cell walls and some scattered by suspended particles in the cell. Therefore the

intensity of the incident radiation is decreased [46] as shown in Figure 3.2.



14

sakvent only

PI:I PI:I

- (>

abrsorking sample of
concentration o

path length @

Figure 3.2 Absorption process.

If the incident radiation is designated as Py and the transmitted one after passing

through the sample cell as P then transmittance T can be written as
T=— (3.1)

A peculiar law which relates the absorbance A, radiation path length b and
concentration of the absorbing specie C is known as Lambert-Beer- Bouguer, Lambert -

Beer law or simply Beer’s law and is given as
A=¢ebC (3.2)

¢ is called molar extinction coefficient and is constant for a given sample and
depends on wavelength. Its unit depends on those of b and C. if C is measured in
molarity and b in centimetre then its unit is given by Lmol*cm™. If C and b are
measured in other units then ¢ is replaced by a and is called specific absorptivity
[40,46,71]. Extinction coefficient ranging from zero to 10* Lmol*cm™ is usually

observed in UV-vis spectromerty [42,44].



15

3.3 EXPERMENTAL DETAILS

The entire samples were obtained from Alfa Aeser USA each with a stated purity
of 97+% except for Q7C which is obtained from Tokyo Chemical Industry Co. and the
samples were used as received without further purification. The UV-vis absorption
spectra of the compounds were measured in water as solvent. A small amount of the
samples were dissolved in water and stirred vigorously using magnetic stirrer leading to
colourless solution of the samples. Measurements were completed using Thermo
Scientific Evolution 300 spectrophotometer at room temperature. Xenon arc lamp was
used as radiation source and the scan region was set as 190-1100 nm. However the
samples show absorption bands only in the region of 200-400 nm. Quartz cells with a

path length of 1cm and a 3cm® volume were used for all measurements.



CHAPTER 4

RESULTS AND DISCUSSIONS

41 MOLECULAR GEOMETRY

QC has a planar structure; therefore it belongs to Cs points group. Figure 4.1
shows the optimised structures of the two rotamers of QC molecules. Rotamer 1 (Rotl)
and Rotamer 2 (Rot2) represent the spatial orientation of CHO. When C=0 is farther
away than N atom of quinoline we call the conformation as rotamer 1 (Rot1). When it is
closer to N atom, we call it as rotamer 2 (Rot2) [38]. In order to find the most stable
rotamer, energy calculations were carried out for QC molecules at B3LYP/6-
311G++(d,p) level for the two different rotamers. The Rotl’s are found to have less
energy compared to Rot2’s and hence are more stable. The stability of Rotl could
possibly be due acceptor-donor pair formed by nitrogen atom of the pyridine ring and
hydrogen atom of carboxaldehyde moiety while the destabilty of Rot2 could be due to
repulsive interaction between nitrogen atom of the pyridine ring and oxygen atom of

carboxaldehyde moiety.

All ab initio results reported herein are of the more stable rotamers; Rotl [72,73].
The optimised structural parameters (bond length and bond angle) of the stable rotomers
(Rotl) are reported in Table 4.1 to 4.7 in accordance with the atomic numbering shown
in Figure 4.1. There is no experimental data on the structure of QC which could be
compared with the calculated result available in literature to the best of our knowledge.

16



Rotl 9 Rot2 = Rotl " Rot2
Quinoline-2-carboxaldehyde Quinoline-3-carboxaldehyde

E] 3 2
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2
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Quinoline-8-carboxaldehyde

Figure 4.1 Optimised geometry of Rot1 and Rot2 conformers of QC derivatives.
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Table 4.1 Optimised geometrical parameters of Q2C at the B3LYP/6-311++G(d,p)

level.

Bond length (A)

Bond angle (°)

Cl—C2
C1—Co
Cl1—H8
C2—C3
C2—H9
C3—C4
C3—C10
C4—Cs5
C4—N16
C5—Co6
C5—Hl11
C6—HI12
C10—H7
C10—Cl14
C13—Cl14
CI13—NI16
C13—C17
Cl14—H15
C17—H18
C17—019

1.375
1.416
1.084
1.417
1.085
1.432
1.418
1.419
1.359
1.374
1.083
1.084
1.085
1.370
1.419
1.320
1.493
1.083
1.107
1.210

C2—C1—C6
C2—C1—H8
C6—C1—HS8
Cl1—C2—C3
C1—C2—H9
C3—C2—H9
C2—C3—C4
C2—C3—C10
C4—C3—C10
C3—C4—C5
C3—C4—N16
C5—C4—N16
C4—C5—C6
C4—C5—HI11
C6—C5—HI11
C1—C6—C5
Cl—C6—HI2
C5—C6—HI2
C3—C10—H7
C3—C10—C14
H7—C10—C14
Cl14—CI13—N16
C14—C13—C17
N16—C13—C17
C10—C14—C13
C10—CI14—HI15
C13—C14—H15
C4—N16—C13
C13—C17—HI8
C13—C17—019
H18—C17—019

120.5
120.0
1195
120.4
120.6
119.0
119.1
123.3
117.6
119.2
122.1
118.7
120.3
117.8
121.9
120.5
119.4
120.0
119.4
119.6
121.0
124.1
120.6
115.3
118.4
122.6
118.9
118.2
113.6
124.1
122.4




19

Table 4.2 Optimised geometrical parameters for Q3C at the B3LYP/6-311++G(d,p)

level.

Bond length (A)

Bond angle (°)

Cl1—C2
C1—Co6
Cl1—H7
C2—C3
C2—HS8
C3—C4
C3—N16
C4—Cs
C4—C9
C5—C6
C5—H10
C6o—HI1
C9—Cl12
C9—HI14
C12—C13
C12—C17
C13—H15
C13—NI16
C17—018
C17—HI19

1.375
1.417
1.084
1.417
1.083
1.434
1.365
1.421
1.409
1.373
1.085
1.084
1.381
1.085
1.421
1.479
1.089
1.312
1.211
1.110

C2—C1—Co6
C2—C1—H7
C6—Cl1—H7
C1—C2—C3
C1—C2—HS8
C3—C2—HS8
C2—C3—C4
C2—C3—N16
C4—C3—N16
C3—C4—C5
C3—C4—C9
C5—C4—C9
C4—C5—C6
C4—C5—HI10
C6—C5—HI10
C1—C6—C5
Cl1—Co6—HI1
C5—C6—HI11
C4—C9—C12
C4—C9—H14
C12—C9—H14
C9—Cl12—CI13
C9—C12—C17
C13—C12—C17
C12—C13—HI15
C12—CI3—N16
H15—CI13—N16
C3—N16—C13
C12—C17—O018
C12—C17—HI19
018—C17—H19

120.8
119.8
119.3
120.3
121.8
117.9
118.9
118.6
122.5
119.3
117.6
123.1
120.3
118.9
120.8
120.3
119.6
120.2
119.4
121.0
119.7
118.4
121.6
120.0
119.1
124.4
116.5
117.8
124.7
114.8
120.5
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Table 4.3 Optimised geometrical parameters of Q4C at the B3LYP/6-311++G(d,p)

level.

Bond length (A)

Bond angle (°)

Cl1—C2
C1—Co6
Cl1—H7
C2—C3
C2—HS8
C3—C4
C3—C9
C4—Cs
C4—N16
C5—C6
C5—H10
C6o—HI1
H8—O18
C9—C13
C9—Cl17
C12—C13
Cl12—H14
Cl12—NI16
C13—H15
C17—O018
C17—HI9

1.377
1.413
1.084
1.419
1.080
1.435
1.432
1.418
1.364
1.373
1.083
1.084
2.257
1.381
1.486
1.412
1.087
1.313
1.085
1.210
1.110

C2—C1—Co6
C2—C1—H7
C6—Cl1—H7
C1—C2—C3
C1—C2—HS8
C3—C2—HS8
C2—C3—C4
C2—C3—C9
C4—C3—C9
C3—C4—C5
C3—C4—N16
C5—C4—N16
C4—C5—C6
C4—C5—HI10
C6—C5—HI10
C1—C6—C5
Cl1—Co6—HI1
C5—C6—HI11
C3—C9—C13
C3—C9—C17
C13—C9—Cl17
C13—CI12—H14
C13—C12—N16
H14—Cl12—N16
C9—C13—C12
C9—CI13—H15
Cl12—C13—HI15
C4—N16—C12
C9—Cl17—018
C9—C17—H19
018—C17—H19

121.0
119.5
1195
120.3
120.7
119.0
118.6
124.7
116.7
119.5
123.1
117.4
120.4
117.5
122.0
120.2
119.7
120.1
118.6
125.1
116.3
119.9
123.3
116.7
120.0
120.3
119.7
118.4
126.9
112.9
120.2
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Table 4.4 Optimised geometrical parameters of Q5C at the B3LYP/6-311++G(d,p)

level.

Bond length (A)

Bond angle (°)

Cl1—C2
C1—Co
Cl1—H8
C2—C3
C2—C17
C3—C4
C3—C9
C4—Cs5
C4—N16
C5—Co6
C5—H10
Co—HI1
H7—C9
C9—C13
C12—C13
Cl12—H14
Cl12—N16
CI13—H15
C17—H18
C17—019

1.401
1.401
1.070
1.401
1.540
1.402
1.395
1.402
1.344
1.402
1.070
1.070
1.070
1.395
1.402
1.070
1.344
1.070
1.366
1.434

C2—C1—C6
C2—C1—H8
C6—C1—HS8
Cl1—C2—C3
C1—C2—C17
C3—C2—C17
C2—C3—C4
C2—C3—C9
C4—C3—C9
C3—C4—C5
C3—C4—N16
C5—C4—N16
C4—C5—C6
C4—C5—HI10
C6—C5—HI10
C1—C6—C5
Cl—Co6—HI1
C5—C6—Hl11
C3—C9—H7
C3—C9—C13
H7—C9—CI13
C13—Cl12—H14
C13—CI12—N16
H14—Cl12—N16
C9—C13—C12
C9—C13—H15
C12—C13—H15
C4—N16—C12
C2—C17—HI18
C2—C17—019
H18—C17—019

120.0
120.0
120.0
119.9
120.0
120.0
120.3
120.3
119.4
119.7
120.6
119.7
120.1
120.0
120.0
120.0
120.0
120.0
120.6
118.8
120.6
119.7
120.6
119.7
119.4
120.3
120.3
121.2
110.0
111.9
136.7
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Table 4.5 Optimised geometrical parameters of Q6C at the B3LYP/6-311++G(d,p)

level.

Bond length (A)

Bond angle (°)

Cl1—C2
C1—Co6
C1—Cl17
C2—C3
C2—HS8
C3—C4
C3—H9
C4—Cs
C4—N16
C5—C6
C5—H10
C6o—HI1
H7—C9
C9—C13
C12—C13
Cl12—H14
Cl12—N16
C13—HI5
C17—H18
C17—019

1.380
1.422
1.480
1.415
1.087
1.431
1.417
1.423
1.361
1.369
1.083
1.083
1.085
1.372
1.416
1.087
1.316
1.083
1.111
1.211

C2—C1—Co6
C2—C1—C17
C6—C1—C17
C1—C2—C3
C1—C2—HS8
C3—C2—HS8
C2—C3—C4
C2—C3—H9
C4—C3—H9
C3—C4—C5
C3—C4—N16
C5—C4—N16
C4—C5—C6
C4—C5—HI10
C6—C5—HI10
C1—C6—C5
Cl1—Co6—HI1
C5—C6—HI11
C3—C9—H7
C3—C9—C13
H7—C9—C13
C13—CI12—H14
C13—C12—N16
H14—Cl12—N16
C9—C13—C12
C9—CI13—H15
Cl12—C13—HI15
C4—N16—C12
C1—Cl17—H18
C1—C17—019
HI18—C17—019

120.2
119.3
120.5
120.7
120.0
119.3
119.0
123.4
117.7
119.1
122.3
118.6
120.6
117.6
121.8
120.4
118.2
121.4
119.6
119.2
121.2
119.5
124.3
116.2
118.7
121.5
119.8
117.9
114.6
124.8
120.6




23

Table 4.6 Optimised geometrical parameters of Q7C at the B3LYP/6-311++G(d,p)

level.

Bond length (A)

Bond angle (°)

Cl1—C2
C1—Co6
C1—HS8
C2—C3
C2—H9
C3—C4
C3—C10
C4—Cs
C4—N16
C5—C6
C5—Cl11
C6—Cl17
H7—C10
C10—CI13
C12—C13
Cl12—H14
Cl12—N16
C13—HI5
C17—H18
C17—019

1.372
1.419
1.085
1.419
1.085
1.432
1.418
1.413
1.366
1.382
1.083
1.484
1.085
1.371
1.419
1.087
1.313
1.084
1.111
1.210

C2—C1—Co6
C2—C1—HS8
C6—C1—HS
C1—C2—C3
C1—C2—H9
C3—C2—H9
C2—C3—C4
C2—C3—C10
C4—C3—C10
C3—C4—C5
C3—C4—N16
C5—C4—N16
C4—C5—C6
C4—C5—C11
C6—C5—Cl11
C1—C6—C5
C1—C6—C17
C5—C6—C17
C3—C10—H7
C3—C10—C13
H7—C10—CI13
C13—CI12—H14
C13—C12—N16
H14—Cl12—N16
C10—C13—C12
C10—CI3—HI15
Cl12—C13—HI15
C4—N16—C12
C6—C17—HI18
C6—C17—019
HI18—C17—019

120.6
120.3
119.2
120.3
120.6
119.1
119.4
123.2
117.4
119.1
122.5
118.5
120.4
119.1
120.5
120.3
119.1
120.7
119.6
119.2
121.2
119.5
124.1
116.4
118.9
121.4
119.7
117.9
114.5
125.1
120.5
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Table 4.7 Optimised geometrical parameters of Q8C at the B3LYP/6-311++G(d,p)

level.

Bond length (A)

Bond angle (°)

Cl1—C2
C1—Co6
Cl1—HS8
C2—C3
C2—H9
C3—C4
C3—C10
C4—Cs
C4—N16
C5—C6
C5—Cl17
C6o—HI1
H7—C10
C10—CI13
C12—C13
Cl12—H14
Cl12—N16
C13—HI5
C17—018
C17—HI19

1.373
1.409
1.084
1.419
1.085
1.433
1.416
1.437
1.357
1.384
1.491
1.086
1.085
1.371
1.414
1.088
1.315
1.084
1.205
1.114

C2—C1—Co6
C2—C1—HS8
C6—C1—HS
C1—C2—C3
C1—C2—H9
C3—C2—H9
C2—C3—C4
C2—C3—C10
C4—C3—C10
C3—C4—C5
C3—C4—N16
C5—C4—N16
C4—C5—C6
C4—C5—C17
C6—C5—C17
C1—C6—C5
Cl1—Co6—HI1
C5—C6—HI11
C3—C10—H7
C3—C10—C13
H7—C10—CI13
C13—CI12—H14
C13—C12—N16
H14—Cl12—N16
C10—C13—C12
C10—CI3—HI15
Cl12—C13—HI15
C4—N16—C12
C5—Cl17—018
C5—C17—H19
018—C17—H19

119.6
120.6
119.9
120.6
120.6
118.8
120.1
122.0
117.8
118.3
121.7
120.0
119.1
125.4
115.5
122.3
119.2
118.5
119.4
119.4
121.2
119.6
124.3
116.1
118.3
121.6
120.1
118.5
128.5
111.5
120.0
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4.2 UV-VIS SPECTRAL ANALYSIS

TD-DFT/B3LYP/6-311++G(d,p) is used to simulate the UV-vis absorption
spectra of the QC molecules. Figures 4.2 to 4.9 depict the experimental and calculated
UV-vis absorption spectra of the title molecules. The inclusion of solvent effect of
water leads to slight bathochromic shift (red shift) in the absorption spectra. Tables 4.8
to 4.14 show the calculated excitation energies (E), oscillator strengths (f) and
wavelengths (1) along with the experimental wavelengths for each molecule. Oscillator
strength f is a dimensionless quantity that describes the strength of an electronic
transition. It is the ratio of the strength of the transition to that of an electric dipole
transition between two states of an electron oscillating in three dimensions in a simple
harmonic way, and its maximum value is 1. Transitions with extremely low f values of
order of 10™ are forbidden [47,54,74].

The simulated spectra show good agreement with experimental spectra. However,
simulated spectra of Q2C, Q3C, Q4C, Q6C and Q7C show some additional bands (224
and 342 nm in water and 218 and 322 nm in gas for Q2C, 335 nm in water and 326 nm
in gas for Q3C, 356 nm in water and 352 nm in gas for Q4C, 315 nm in water and 309
nm in gas for Q6C, 326 nm in water and 315 nm in gas for Q7C) that were not observed
in the experimental spectra. These additional bands have very low f value and are
considered forbidden. Therefore, the bands can only be predicted theoretically but
experimentally unfeasible. The experimental bands appear to be broader than the
simulated bands. This is due to n-m stacking since the tittle molecules contain many =
orbitals. It can be observed generally that the oscillator strength increases when moving

from gas to solvent environment.

The aborption bands of Q2C, Q4C and Q5C in which the carboxaldehyde group is
located at ortho position are observed to be shifted to the blue region. Q3C, Q6C and
Q7C in which the carboxaldehyde is located at para positions have longer wavelength
and hence are shifted to the red region. The Jmax shifts when changing the position of
carboxaldehyde group is in general small. The nature of substituents (electron releasing

or electron withdrawing) may affect the electronic structure of the ring system.
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Figure 4.2 (a) Experimental and (b) Theoretical spectra of Q2C.

Table 4.8 Experimental and theoretical values for Q2C.

Experimental Calculated
Water Water
A (hm) A(hm) E(eV) f MO contribution
205 207 599 0.14 HOMO-
1-LUMO+2,HOMO—LUMO+2
- 224 555 0.05 HOMO-4—»LUMO,HOMO—LUMO+4
998 236 525 021 HOMO-
1-LUMO+1,HOMO—LUMO+2
047 253 490 070 HOMO—LUMO+1,HOMO-1-LUMO
301 297 4.17 0.17 HOMO-1-LUMO
) 342 3.63 0.05 HOMO—LUMO,HOMO-1-LUMO+1
Gas
206 6.02 0.08
218 569  0.06
231 537 0.28
242 512  0.56
289 429  0.09
322 3.85 0.03
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Figure 4.3 (a) Experimental and (b) Theoretical spectra for Q3C.

Table 4.9 Experimental and theoretical values for Q3C.

Experimental Calculated
Water Water
A (hm) A(hm) E(eV) f MO contribution
215 207 599 017 HOMO—LUMO+2,HOMO—LUMO+1
245 249 498 088 HOMO—LUMO,HOMO-1-LUMO+2
293 297 4.17 0.16 HOMO-1-LUMOHOMO—LUMO+1
i 335 370 005 HOMO—LUMO,HOMO-1—-LUMO
Gas
204 6.08 0.11
240 517 0.76
293 423 0.09
326 3.80 0.03
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Figure 4.4 (a) Experimental and (b) Theoretical spectra for Q4C.

Table 4.10 Experimental and theoretical values for Q4C.

Experimental Calculated

Water Water

A (hm) A(hm) E(eV) f MO contribution

203 204 6.08 0.75 HOMO-
1-LUMO+1, HOMO—LUMO+2

227 222 558 0.17 HOMO-4—LUMO,HOMO-
1-LUMO+1

250 242 512 020 HOMO—LUMO+1,HOMO-
1-LUMO+2

315 316 392 011 HOMO-1-LUMO

356 3.48 0.09 HOMO—LUMO,HOMO-4—LUMO

Gas

200 6.20 0.42
220 5.64 0.13
239 5.19 0.17
310 4.00 0.07
352 3.52 0.07
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Figure 4.5 (a) Experimental and (b) Theoretical spectra for Q5C.

Table 4.11 Experimental and theoretical values for Q5C.

400

Experimental Calculated
Water Water
A (hm) A(hm) E(eV) f MO contribution
208 206 6.02 0.20 HOMO-2—LUMO+2,HOMO-
5—LUMO
223 217 571 0.81 HOMO—LUMO+2,HOMO-
2—LUMO+1
291 299 4.15 0.08 HOMO-
2—LUMO,HOMO—LUMO+2
324 310 400 022 HOMO—LUMO,HOMO-2—LUMO
Gas
204 6.08 0.14
213 5.82 0.61
294 4.21 0.05
303 4.09 0.15
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Figure 4.6 (a) Experimental and (b) Theoretical spectra for Q6C.

Table 4.12 Experimental and theoretical values for Q6C.

400

Experimental Calculated
Water Water
A (hm) A(nm) E(ev) f MO contribution
213 207 599 0.27 HOMO—LUMO+2,HOMO-
4—-LUMO+1
247 249 498 091 HOMO—-LUMO+2,HOMO-
1-LUMO+1
280 284 437 0.12 HOMO-1-LUMO,HOMO—LUMO+1
i 315 0.04 HOMO—LUMO
Gas
204 6.08 0.25
240 517 0.62
283 438 0.07
309 0.02
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Figure 4.7 (a) Experimental and (b) Theoretical spectra for Q7C.

Table 4.13 Experimental and theoretical values for Q7C.

Experimental Calculated
Water Water
2 (nm) Z(nm) E(eV) f MO contribution
213 207 599 040 HOMO—-LUMO+2,HOMO-4—LUMO
- 222 558 0.25 HOMO-4—LUMO
248 249 498 0.67 HOMO—LUMO+I
285 294 3.80 019 HOMO-1-LUMO,HOMO—LUMO+I
i 326 3.80 0.04 HOMO—LUMO
Gas
203 6.11 0.32
220 564 0.29
242 5.12 0.57
290 419  0.09
315 394 0.03
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Figure 4.8 (a) Experimental and (b) Theoretical spectra of Q8C.

Table 4.14 Experimental and theoretical values for Q8C.

Experimental Calculated

Water Water
A (hm) A(hm) E(eV) f MO contribution
218 210 590 0.61 HOMO-4—LUMO
HOMO-1—-LUMO+2
300 300 413 0.23 HOMO-1-LUMO,HOMO-2—LUMO
Gas

205 6.05 0.40
293 4.23 0.15

4.3 FRONTIER MOLECULAR ORBITALS (FMOs)

The frontier molecular orbitals (FMQOs) are the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) and are the most important
orbitals in molecule [75]. These orbitals are termed as frontier as they lie at the outer
most boundaries of the electrons of the molecules [76]. Many properties of molecules
such as chemical reactivity, kinetic stability and site of electrophilic attack can be
understood fully through HOMO-LUMO analysis [75]. The energy of the HOMO is
directly related to the ionisation potential I and LUMO energy is directly related to the
electron affinity A as given by the Koopman’s theory [77]
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—Euome =1 and — gy = A (4.1)

Energy difference between HOMO and LUMO orbitals known as energy gap is an
important parameter in determining chemical stability of a molecule [78]. Wider
HOMO-LUMO gap means harder and less reactive molecule whereas narrower
HOMO-LUMO gap indicates softer and more reactive molecule [77,82,83]. By using
the HOMO and LUMO energy values, the global chemical reactivity indices given by
the following relations [77, 79-83]

(I+4)

Electronegativity y = . 4.2)
Chemical hardnessn = % 4.3)
Chemical potential p = —y (4.4)
Electrophilicity index w = © (4.5)

ba
==

were calculated for both gas and solvent (water) phase. The results are presented in
Table 4.15.

In general, 3D plots of the key frontier orbitals around HOMO and LUMO of the
tittle molecules are qualitatively similar with each other and therefore only plots for
Q2C is reported in Figure 4.9. The 3D plots demonstrated that the FMOs are dominated
by m and =* orbitals, therefore the electronic transitions can be assingned as m—n*
transitions. This is expected because the molecules have a lot of = bonds. However,
there is no significant relation between these HOMO and LUMO energies quantities
and Amax shifts with the change in position of carboxaldehyde moiety, which are already

quite small.
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Figure 4.9 FMOs for Q2C.



Table 4.15 Global electrophilicity indices for QC derivatives.

Etot (En) Eiumot2 Eiumotl Eiumo Enomo Ewomor Ewomo Enomos Enomos AE® g X U @

Q2C Gas -515.265092 -0.49 -1.74 -262 -7.02 -7.32 440 220 482 -482 5.27
Water -515.274553 -0.33 -1.61 -264 -6.84 -7.37 420 21 474 -474 534
Q3C Gas -515.263024 -0.55 -1.68 272 -7.03 -7.33 430 215 487 -487 552
Water -515.273121 -0.38 -1.56 -2.64 -6.87 -7.44 423 212 475 -475 5.33
Q4C Gas -515.263681 -0.95 -1.22 -289 -6.95 -7.40 -8.88 -4.05 2.03 490 -492 5.97
Water -515.275871 -0.88 -1.10 -2.83 -6.88 -7.35 -8.82 -4.05 2.02 486 -4.86 5.83
Q5C Gas -515.259274 -1.22 -1.54 -2.68 -7.07 -7.27 -7.56 -9.84 439 220 4.87 -487 5.40
Water -515.270677 -1.05 -1.42 -260 696 -7.34 -7.39 -9.75 -436 218 478 -478 5.24
Q6C Gas -515.256593 -0.59 1.85 254 -712 -745 -9.05 -458 229 483 -483 5.10
Water -515.267542 -0.41 -1.73 -244  -6.96 -7.40 -8.85 -452 226 470 -4.70 4.88
Q7C Gas -515.25924  -0.66 -1.67 -2.64 -7.04 -7.38 -9.00 440 220 484 -484 5.32
Water -515.27067 -0.53 -1.52 -260 -6.90 -7.42 -8.83 430 215 475 -475 5.25
Q8C Gas -515.268262 -1.05 -251 -6.62 -7.06 -7.51 -8.83 -411 2.06 456 -456 5.06
Water -515.279183 -0.96 -247 -6.88 -6.98 -7.36 -8.76 441 226 473 -473 4.94

% AE = Epomo — ELumo. All quantities are in eV except Ey,, which is in Hartree.
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4.4 MOLECULAR ELECTROSTATIC POTENTIAL (MESP)

Molecular electrostatic potential of a molecule is the net electrostatic effect,
produced by the total charge distribution (electrons and nuclei) of the molecule. MESP
is mainly used to predict the sites for electrophilic [84] and nucleophilic [85] attacks.
MESP map depicts not only the site for reactivity but also the size and shape of a
molecule as well as electron charge distribution [85,86]. The MESP of the title
molecules have been plotted with the same basis set of 6-311++G(d,p). The MESP plots
are again similar with each other and only plot of Q2C is presented in Figure 4.10. The
colours in the MESP map correspond to different values of potential. Potential increases
in the order red<orange<yellow<green<blue. Red, the low-energy end of the scale is
used for the regions of the most negative electrostatic potential, blue is used to colour
regions of the most positive electrostatic potential [78] while, green colour indicates

neutral electrostatic potential region [84,85].

As can be seen from the MESP map, the regions having the negative electrostatic
potential is mainly localised around the electronegative atoms; oxygen of
carboxaldehyde group and nitrogen of pyridine ring. These atoms can be predicted as
possible sites of electrophilic attack. Oxygen atom is found to have more concentration
of charge than nitrogen atom. Therefore electrophile specie will attack QC
prefarencially at oxygen and nitrogen atoms positions. Positive potential is found
around all the hydrogen atoms thus, predicting sites for nucleophilic activities. Neutral
region is found around the carbon atoms of the aromatic ring predicting dormacy in

chemical activity.

Figure 4.10 MESP for Q2C.



CHAPTER 5

CONCLUSION

In the current contribution, the experimental and theoretical electronic absorption
spectra of QC derivatives were studied. Theoretical calculations were using DFT
performed at B3LYP/6311++G(d,p) level. Conformational properties of the molecules,
geometric parameters (bond length and bond angle), FMOs and MESP analyses for the
tittle molecules were also presented. QC exhibits two different conformers depending
on the orientation of CHO which we called as Rotl and Rot2. Theoretical calculations
showed Rotl to be more stable and therefore all computational results of it were
reported.

Theoretical spectra were simulated in gas phase and in water solvent. Absorption
maxima for lower-lying singlet states were calculated by TD-DFT/B3LYP/6-
311++G(d,p). The absorption bands were observed to show slight red-shift in the
present of solvent. Analysis of the molecular orbitals shows that the absorption maxima
of these molecules correspond to electon transitons between FMOs such as HOMO to
LUMO and so on. Plots of FMOs show that the FMOs are mainly composed of = and ©*

orbitals and thus electronic transitions are designated as n—m*.

The experimental spectra were recorded in the range of 190-1100 nm with the aid
of UV-vis spectrophometer. Comparisons of the experimental and theoretical spectra
show very good agreement. Hence TD-DFT proves to be powerful computational tool
for investigation of electronic absorption spectra. MESP plot indicates oxygen and
nitrogen as sites for electrophilic attack whereas hydrogen atoms as sites of nucleophilic
attack.
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