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Abstract

Optical materials organic in nature are leading materials exhibiting semiconducting properties is trend
of present technology in optical and electronic applications. Active organic materials of Schiff bases
are of vital importance in terms of their molecular properties, band gap, refractive index and dielectric
operated at room temperature than compared to inorganic materials at elevated temperatures during
synthesis. The present article focuses on the development of thin films with the synthesis of Schiff base
of 4-hydroxy benzaldehydes and substituted anilines using the green synthesis method. The formation
of the Schiff base compounds was confirmed with spectroscopic methods with shifts in wavenumbers
in infrared spectra, transition with optical band gap with ultraviolet spectra and chemical environment
with chemical shifts using proton NMR. Powdered XRD provide information of structure, composition
and crystalline proximity of the synthesized Schiff base compounds. Optical properties refractive index
and dielectric constant were attributed with spectroscopic ellipsometer. Computational studies were
performed using the Gaussian 16 package with the B3LYP method basis set 6-311++** for all
molecular compounds to confirm the molecular structures, optimized geometry, and electronic and
optical properties. The insights of these properties are best visualized in terms of quantum mechanical
descriptors responsible due to changes in electron density. Studies of these Schiff base compounds with
nitro groups proved to exhibit optical properties and as an excellent organic semiconducting material

with an energy gap of 3.08 eV; refractive index of 2.074, and dielectric constant of 4.303.
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1. Introduction

Interaction of light with materials are upcoming technologies with molecules as signatures are more
accurate in identification of materials and thereafter synthesize either with inorganic material or its
counterparts the organic materials. Optical materials applicable in technology require fast response,
flexibility, less weight, smart towards implementation, controlling the portion of light/electromagnetic
radiation that is widely implemented in glass [1-3], ceramic [4-6], polymer [7-8] and semiconductors
[9-10] with the addition of dopants with changes in concentration for optoelectronic properties.
Crystalline materials influenced with long-range order responsible for changes in properties such as the
surface area, band gap, distribution, and compatibility. The inclusion of changes in short-range order
enables the alteration of localized distortions and dipole-dipole interaction influences to a great extent
with donor-acceptor group responsible for optoelectronic properties. Among these are functional
materials that accommodate changes in electron density [11], the inclusion of atoms in ortho /para

positions [12], bonding between host and guest molecules [13-15], and intermolecular interactions [16].

Experimental studies of Schiff base molecules [17-21] are supported by computational methods
providing optimization of molecular structures with energy minima, intermolecular interactions,
changes in electron density, transitions associated with energy levels, refractive index, and dielectric
constant, which are responsible for the optoelectronic properties. Schiff base molecules gained
importance due to interactions between the electron-donating aldehyde group and the distinct aniline of
electron-deficient aldimine bonds. Optical properties refractive index and dielectric constant greatly
influence the optoelectronic properties of Schiff base compounds [22-23] with changes in molecular
structure. The article describes the structural importance of synthesized Schiff base compounds of 4-
Hydroxybenzaldehyde with distinct anilines; HBN (4- Hydroxybenzaldehyde: p-nitroanilines), HBC
(4- Hydroxybenzaldehyde: p-chloroanilines), HBA(4- Hydroxybenzaldehyde: anilines) for
optoelectronic properties, as evidenced by experimental studies. These synthesized compounds are
unique in their ability to determine optoelectronic properties, further extending the knowledge in

scientific research.

2.Materials and Methods

The synthesis of a Schiff base molecule performed with a p-hydroxy-benzaldehyde and three distinct
anilines. The host compound (4- hydroxybenzaldehyde- HB) and guest compounds (aniline-AN,
p-chloroaniline-CAN, p-nitroaniline- NAN) were purchased from Sigma Aldrich with 98.99% purity

and used without further purification. Scheme of Schiff bases synthesized is as follows.
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Where
For HBA =R=H for aniline
HBC= R= ClI for p-chloroaniline
HBN=R= NO, for p-nitroaniline

Fig.1(a): Scheme of Schiff base compounds

The ecofriendly ultrasonication (US) method was chosen for the synthesis of Schiff base molecules
with an ultrasonic processor (250 W) operating at a fixed frequency of 50 Hz with a speed of 238 rpm
for 25 mins/ 40 mins of PCI Analytics. Equimolar proportions of the host (4-hydroxybenzaldehyde-
HB) and guest (substituted anillines: AN/CAN/NAN ) molecules were dissolved in 10 ml of ethanol in
separate beakers. Then, both solutions were mixed together in a beaker (for individual reactions) to
proceed with the sonication process under the probe sonicator. The progress of the reaction was checked
by TLC, and after completion, the mixture was incubated overnight. The next day, it was poured into a
beaker containing ice, and the crystalline compounds were collected by filtration and dried. The
structure of the fine powdered samples of Schiff base compounds with [UPAC names is shown in figure

1(b).

s OO

4-hydroxybenzaldehyde (E)-4-((phenylimino)methyl)phenol
HB HBA

(E)-4-(((4-chlorophenyl)imino)methyl)phenol (E)-4-(((4-nitrophenyl)imino)methyl)pheno
HBC HBN

Fig.1(b): [UPAC names of compounds

Formation of Schiff base compound with host and guest compounds is performed with changes in shifts

in the recorded infrared spectra in functional and fingerprint regions using Bruker instrument with KBr




disc technique. The operating regions were from 400 cm™' to 4000 cm™! with a spectral resolution of
lem! and 32 scans. The UV spectra of the powdered samples were obtained using the
AnalytikjenaSpecord S-600 model performed with the solution method in the range of 200-500 at room
temperature. Spectral observations were analysed for the optical band gap by plotting the Tauc plot and
the direct band gap method. A thin film of 2 micrometer thickness was developed using a drop-casting
method by dissolving the powder sample in a solvent. The film further proceeded to study the optical
properties, refractive index, extinction coefficient, and real and imaginary dielectric constant values for
the wavelength of the light beam at an angle of 70 °using an ellipsometer (J. A. Woollam Co. Model:
Alpha-SE). Proton NMR studies were performed for the samples in DMSO-d6 with a Bruker 500 MHz
instrument using TMS as the internal solvent. Powder X-ray studies with a Bruker Model D§-Advance
were performed using a2.2 kW Cu anode and 40 kV/40 mA with a Linxeye detector that can measure

angles from 5 °to 120 °.

The experimental studies were validated with computational studies using software Gaussian 16
consisting of the GaussView 6.1. The popular electron density method i.e. density functional
theory(DFT) is employed with the hybrid correlation function 6-311++(d,p) for structural properties
and optoelectronic properties of compounds. The structural properties of the compounds were attributed
to optimized molecular structures and changes in electron density that were visualized in terms of
frontier molecular contours, electrostatic potential contours, electrostatic potential maps, and Mulliken
charges. The optoelectronic properties are elaborated in terms of electronic, optical, and nonlinear
optical properties. The hybrid function consists of polarized and diffused functions to study the

flexibility of orbital and intermolecular interactions.

3.Results and Discussions

Optoelectronic properties [24-26] of synthesized Schiff bases were attributed with shifts in wave
numbers, optical band gap, refractive index and dielectric constant with experimental studies.
Computational studies were performed and evidenced with recorded studies with changes in molecular
geometry, visualizing potential maps and contours with charge transfer interactions. Optimization of
the molecular geometry is attained under minimum energy conditions using local density approximation
(LDA) and generalized gradient approximation (GGA) conditions. The minimum energy values of HB,
HBA, HBC and HBN were given by -420.91898 Hartrees, -632.14233 Hartrees, -1091.7652 Hartrees,
-836.70815 Hartrees respectively.
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Fig 2: Optimized molecular structures of compounds

A powerful method for confirming the formation of Schiff base compounds depends on the

wavenumber assignments of functional groups with the recorded infrared spectra.

The formation of Schiff base compounds could be confirmed by their IR spectrum. The major peaks
appeared in the host molecule HB are 3143 cm™' for aromatic CH however the doublet peak 2890 and
2785 cm! for aldehyde CH along with 1663 cm! assigned to C=0. Additionally, the guest molecule
i.e. distinct anilines, two peaks observed at 3480-3460 cm!  and 3360-3340 cm! could be assigned to
primary amines(NH2) while 1630,1588 cm! regions could be attributed to the C-N and C=C of the
aromatic ring. On the analysis of IR spectrum of target Schiff base compounds revealed that the
disappearance of C=0 and CH of aldehyde[HB] along with primary amine peaks of all anilines
confirmed the condensation of HB with various anilines. Which is further confirmed by the aldimine
bond, R-CH=NR’, where R’ is aniline/ chloro-aniline / nitro-aniline. In the IR spectrum of HBA [1569
cm'] and HBC [1596 cm’!] these bands are appeared in little lower wave number whereas in HBN
[1629 cm'] as illustrated in figure 3(a)-3(c) for Schiff base compounds. These shifts are in accordance
with specified regions responsible for formation of Schiff base. Shifts in wavenumbers is consequence
of allowed transitions are infrared active, no imaginary wavenumbers and change in dipole moment
takes place. Wave numbers from computed infrared spectra are in agreement with recorded spectra as

as illustrated in figure 4.
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Fig.3(b). Recorded infrared spectra of HBN




L(,‘):{—Ejﬂ - | | } )

i -\ — e | A |
@ - o | "‘ A
" | |
ALY v | [ |- f I
X \/ | | (i | |
| f | [ |
\ | [ |
I [ (\f | | ‘ ||
- 9 ( RTERN I |
| i} L
go LI T .
—_ | | || |
8 \ HRaR |
| v
E | |l I | I ‘
= |
E o | ‘ | | V | ‘
c ® ] | |
8 W |
— |
[ | .
I il
o | |
0 | ”
\ \
| |l |
COD~ = O NGO O N © N @O v~ M —
Mmoo T @M oom & N e = M~ o < @ o
D@ N o Oo M@ & ~ 3 o@ @ KT A @ o
OMNO M~ P~ MO M D W M awn & oW w @ o
WA~ O W o LW W O NN~ O (=1 "] [52] M~ M
NI e e - -0 O -] [~
T T T T T T
3500 3000 2500 2000 1500 1000

Wavenumber cm-1

Fig.3(c). Recorded infrared spectra of HBC

Wavenumbers of Experimental and Computed spectra
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Fig.4 Recorded and Computed wavenumbers of compounds

Analysing the recorded UV spectra, only one absorption band was observed for compounds in the range
330-350 corresponding to « to m* transitions at lower energies. The optical band gap describes the solid
material obtained from Gaussian curve fitting with Origin pro 8.5 with a linear correlation of the spectral
data. The direct band gap of the compound was calculated using the Tauc’splot[27] method, as
illustrated in figure 5(a) and figure 5(b) for the HB compound and synthesized Schiff base compound
HBN (Figure 5(c) and figure 5(d)).
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Optoelectronic studies attribute the capacity of light absorbed by molecules, that determines the mass
extinction coefficient per unit mass density, and is expressed in terms of molar mass and molar
extinction coefficient [27-28]. Calculated optical band gap 3.503 eV for HB and 3.50 eV(HBA) 3.46
eV(HBC) and 3.08 eV for HBN corresponds to optical transition helps to determine refractive index
HB(2.282);HBA(2.282);HBC(2.288) and HBN(2.357) of compounds [29-31]. Studies on synthesized
Schiff base compounds with nitro groups are convinced with a refractive index as a semiconducting

material [32] suitable for technological applications.

Ellipsometer studies provide optical properties like refractive index (n), extinction coefficient (k) and
dielectric behavior (¢) of materials. The powder samples were diluted to a suitable solution and coated
on a glass slide (Figure 6) using a drop-casting method to form a thin film with a uniform thickness of

~2pm.

HB HBN

Fig.6: Films of compounds

Polarized light was incident on the glass film to study the optical properties refractive index, extinction
coefficient and dielectric constant of compounds. A graphical representation is obtained from a database
of spectroscopic ellipsometers using the B-spline method. B represents the basis set for the polynomial
splines. The real (1) and imaginary (€2) dielectric values with respect to wavelength are shown in
Figure 7a, and figure 7b shows the graph for n and k for the typical compound HBA. The calculated
refractive indices of the compounds were 1.419(HB), 2.028(HBA), 1.831(HBC), and 1.634(HBN),
confirming that the synthesized compounds are in agreement with studies performed using UV

spectroscopy.
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Studies of powdered X-ray diffraction of the host compound and synthesized Schiff base compound are

illustrated in figure 8(a) and 8(b) with intensity on the ordinate and diffraction angle on the abscissa.

1.0e+005—

8.0e+004—

6.0e+004-

Intensity (cps)

4.0e+004—

2.0e+004

0.0e+0004

T T T T
10 20 30 40 50

2-theta (deqg)

Fig.8(a): Powdered X ray spectra of HB
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Fig.8(b): Powdered X ray spectra of HBN

Studies of diffraction pattern at lower diffraction angles(10-20) there is an appropriate pattern change
in the synthesized Schiff base compound. At these angles, the intensities were reduced with changes in
the neighbouring layers, indicating the development of a strain with low ordering. At higher increasing
angles (20-30) the pattern of the compound changes, and approximately 25°identical ordering, high
crystallinity, and purity of the compound are present. These pattern changes are a consequence of the

formation of Schiff base compounds with high chemical states.

Proton nuclear magnetic resonance (NMR) spectra were recorded in DMSO-d6 solvent with TMS as
an internal reference BRUKER 400 spectrophotometer. The Chemical shifts are represented in 6 ppm,

as illustrated in figure 9.



On the analysis of the NMR spectrum of HB showed the peak at dppm 10.15(OH);8.44(CHO), 7.78-
7.38(2H,Benzaldehyde) and 7.20-6.89(2H,Benzaldehyde).The NMR spectrum of HBA showed the
peak at Sppm 10.16(OH),8.45 (-HC=N-);7.45-7.78 (5H,Aniline side ); 7.20-7.23(2H,Benzaldehyde
side) 6.86-6.88(2H, Benzaldehyde side), all peaks are fitted well for expected structure and confirmed
the formation of Schiff base. The NMR spectrum of HBC showed peaks at Sppm 10.17(OH),8.45 (-
HC=N-);7.76-7.78 (2H, aniline side ); 7.41-7.43(2H, aniline side); 7.21-7.23(2H, benzaldehyde side)
6.87-6.88(2H, benzaldehyde side). All peaks were fitted well for the expected structure and confirmed

the formation of a Schiff base.

The NMR spectrum of HBN showed peaks at dppm 10.15(0OH),8.4 (-HC=N-),7.760-7.77 (2H, aniline
side ); 7.2-7.36(2H, aniline side); 7.18-7.19(2H, benzaldehyde side) 6.87-6.89(2H, benzaldehyde side).

All peaks were fitted well for the expected structure and confirmed the formation of a Schiff base
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Fig.9: Proton NMR of compounds

Computed studies [33-37] were performed for all structures of compounds with optimization, and
energy minima with no constraints were imposed on the geometry of the molecules. The observation of
the datafile (provided as supplementary data) indicates that bond distances and bond angles were altered
in synthesized compounds compared with HB, indicating changes in polarities, dipole moment of
synthesized compounds, and further changes in electron densities. Changes in electron density involve
transitions between the highest occupied molecular orbital (HOMO) and the lowest unoccupied

molecular orbital (LUMO).

The Frontier molecular contours (FMO) in figure 10 are responsible for energy values corresponds to

the quantum descriptors such as ionization potential [P = |— E HOMO| and electron affinity

A= |— E LUM0|. The reactivity and charge flow of the molecule are derived from the electronegative
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Fig 10: FMO contours of compounds

The reduced energy gap is a consequence of the reactivity of the molecule with reduced restriction and
a greater tendency for electron transfer responsible for the higher electrophilicity index. Electronic
properties table-1 of the synthesized compounds reveal that nitro-based Schiff base compounds (HBN)

are more effective and excellent optical materials [38].



Table-1: Electronic properties

Name of the | [P EA AFE X n W
compound

HB 6.922 1.941 4.981 4.431 2.490 3.943
HBA 6.057 1.779 4.278 3.918 2.139 3.588
HBC 6.135 1.954 4.181 4.044 2.091 3.912
HBN 6.641 2.826 3.815 4.733 1.908 5.873

Extending the molecular interpretation with changes in electron densities favours the determination of

dipole moment # , polarizability & and first order hyperpolarizability £ which contribute to the
nonlinear optical properties responsible for the electronic behaviour of the molecules. Optical materials
are very accurate and precise for technological advancements that require the absorption and emission
of energies during transition. These transitions are characterized by the HOMO(donor) and
LUMO(acceptor) levels, which contribute to the change in electron densities. Factors such as molecular
radius (R), volume of the material (R?), polarization. Optical materials are very accurate and precise
towards advancements in technological purposes require absorption and emission of energies during
transition. These transitions are characterized with HOMO(donor) level and LUMO(acceptor) level that
contribute to change in electron densities. The factors like molecular radius (R), volume of the material

(R3), polarization density (P = gj and electric field generated during iterations (E = ﬁj , electric
a

susceptibility ( X = LEJ , refractive index n=,/y,+1, and dielectric constant (6; =X +1) are
&

responsible for optical behaviour. Studies of Schiff base compounds nitro compound contributed with
enhancement in optoelectronic properties than compared to other compounds. Increased refractive

index and dielectric constant are confirmed with experimental methods performed.



Table-2: Optoelectronic properties

Name of Ro R’ P E Z E, n p a s

the ¢

compound

HB 4.09 | 68418 0.168 7.677 | 2.473 | 3.473 | 1.864 3455 | 13.477 | 7.157
HBA 490 | 117.649 | 0.086 3.265 | 2.976 | 3.976 | 1.994 3.023 | 27.726 | 11.297
HBC 508 | 131.096 | 0.112 4.334 | 2.920 | 3.920 | 1.979 4.407 | 30.452 | 5.023
HBN 5.11 133.433 | 0.196 7.309 | 3.030 | 4.303 | 2.074 7.856 | 32.188 | 57.047

An enhancement in molecular properties dipole moment, polarizability and hyperpolarizability [34] is
consequence of reactivity of during the formation of Schiff base compounds at reduced electric field.
First order hyperpolarizability is proportional to dipole moment and inversely proportional to energy
gap a consequence of applicative phenomenon the change of state [24]. These are best visualized using
electrostatic potential (ESP) contours with red-coloured delocalized contours that are highly reactive
and responsible for bonding. In HB, the aldehyde bond is more reactive than the hydroxyl group. The
aldimine bonds for all the synthesized molecules were also reactive, but in HBN, the nitro group also
showed reactive delocalized contours, as shown in Figure 11. Electron transition is best visualized
during formation of Schiff base compound corresponding to © to @* transitions at lower energies is

confirmed with UV spectral studies [38].

Fig. 11: ESP Contours of compounds




The electrostatic potential (ESP) maps are responsible for the compounds that were visualized using a
gradient of colours in figure 12. The electrophilic sites are observed in the aldehyde and aldimine
bonding regions with yellow colour for the host and formerly synthesized molecules with negative
potential. However, around the nitro bond, the electrophilic nature is dominant in HBN because of its
dominance over other bonded regions. The positive potential with nucleophilicity remains the same for

the hydroxyl group in the blue region.

Fig 12: ESP maps of compounds

Charge transfer [39] properties provide the distribution of atoms responsible for changes in donor and
acceptor behaviour of atoms in the molecule. An illustration of density of atomic charges for the
molecules is shown in figure 13 with atoms of molecule. The higher values of electron accepting power

[0

+ and electron donating power ¢

- confirms the electrophilic nature of the molecule. Table 3 shows

N

that among the synthesized molecules HBN shows the least nucleophilic nature with maximum

charge transfer capacity AN



Table-3: Charge transfer properties

Name of  the | o, o_ AN N
compound

HB 4.809 0.378 1.779 2.079
HBA 4.288 0.369 0.428 2332
HBC 4.501 0.457 1.934 2222
HBN 5.780 1.047 2.481 1.730

2
n

Atoms

Mulliken Charges
=
Mulliken Charges
=3
=1

0.5

Mulliken Charges
Mulliken Charges

0.0
to
HBC

Fig 13: Mulliken Charge distribution

4.Conclusion

Schiff base compounds were synthesized using an eco-friendly green synthesis mechanism, that is,
sonication. Structural and performance parameters with experimental methods reveal (i) formation of
Schiff base compound with secondary aldemine, (ii) electronic transitions at a unique wavelength, (iii)
the optical properties determined with two experimental are approximately the same; (iv) chemical
environment convinced with chemical shifts refractive index; (v) changes in diffraction pattern to

ordered nature at high angles of diffraction and intensities confirm that the Schiff base compound with



a nitro group is the most suitable semiconducting material with an energy gap of (3.08 eV HBN).
Experimental studies are validated with computational methods that optimize molecular structures,
reduce the energy gap, electrophilicity index, visualization of changes in electron density with reduced
restriction, and contribution of nitrogroups in electrostatic potential contours and maps. Studies have
concluded that Schiff base compounds with nitro groups exhibit good optical properties and behave as

excellent organic semiconducting materials.

Acknowledgements

The authors thank for recording infrared spectrum spectra, UV spectra, Proton NMR and powdered X
ray spectra. The authors also thank the Department of Science & Technology-Fund for Improvement of
S&T Infrastructure (FIST) program, Govt. of India, No.SR/FST/PSI-194/2014 (C ) to Department
of Physics for Spectroscopic Ellipsometer facility, and Department of Chemistry GITAM University,

Visakhapatnam for necessary Gaussian Software.

Conflict of Interest

The authors declare no conflict of interest

Funding

There is no funding for the research work performed



References

[1] Amal M. Abdel-karim, Fayad, A.M.,El-kashef ,I.M and Hisham A. Saleh
J. Electron. Mater. 52 (2023) 2409-2420
https://doi.org/10.1007/s11664-022-10187-8

[2] Nagaraju, R, Haritha, L, Chandra Sekhar, K, Md. Shareefuddin, Lalitha.G, and Vijaya
Kumar,K

J Mater Sci: Mater. Electron., 33 (2022)14397-14408
https://doi.org/10.1007/s10854-022-08363-x

[3] Farouk, M, Samir, A, Ibrahim, A, Farag ,M.A. and Solieman ,A
Appl. Phys. A., 126 (2020) p696
https://doi.org/10.1007/s00339-020-03890-y

[4] Mohammed Tihtih, Jamal Eldin F. M. Ibrahim, Mohamed A. Basyooni, Redouane En-nadir,
Walid Belaid, Mohamed M. Abdelfattah, Irina Hussainova, Gabor Pszota& Istvan Kocserha
Opt. Quant. Electron., 55 (2023) p226

https://doi.org/10.1007/s11082-022-04516-8

[5] KakaliSarkar , Vivek Kumar, Shashank Bhushan Das , Manish Kumar , Rahul Srivastava
Materials today Proceedings. 49 Part 2 (2022)446-452
https://doi.org/10.1016/j.matpr.2021.02.476

[6]Marin Cernea, Catalina Andreea Vasilescu, Mihail Secu, Gheorghe Aldica, Adrian Surdu &
Paul Ganea

J Mater Sci: Mater Electron, 27 (2016)11371-11378
https://doi.org/10.1007/s10854-016-5262-2

[7] Omer Bahadir Mergen , Ertan Arda
Optical Materials, 139 (2023) p 113823
https://doi.org/10.1016/j.optmat.2023.113823



https://doi.org/10.1007/s11664-022-10187-8
https://doi.org/10.1007/s10854-022-08363-x
https://doi.org/10.1007/s00339-020-03890-y
https://doi.org/10.1007/s11082-022-04516-8
https://www.sciencedirect.com/journal/materials-today-proceedings/vol/49/part/P2
https://doi.org/10.1016/j.matpr.2021.02.476
https://doi.org/10.1007/s10854-016-5262-2
https://doi.org/10.1016/j.optmat.2023.113823

[8] Zein K. Heiba , El-naggar , A.M., Kamal ,A.M., Omar H. Abd-Elkader , Mohamed Bakr
Mohamed

Optical Materials, 139 (2023) p113764

https://doi.org/10.1016/j.optmat.2023.113764

[9] Zagal-Padilla, C.K., Gamboa, S.A.,
Appl. Phys. A 129 (2023) p183
https://doi.org/10.1007/s00339-023-06456-w

[10] Sk Irsad Ali, Dhanadeep Dutta , Atis Chandra Manda(2023)
Materials Chemistry and Physics ,301 (2023) p127627
https://doi.org/10.1016/j.matchemphys.2023.127627

[11] Isa Sidir ,Yadigar Giilseven Sidir , Nausad Khan , Halil Berber
Optik,241 (2021) p166825
https://doi.org/10.1016/].ijl€0.2021.166825

[12] Isa Sidir ,YadigarGiilsevenSidir , Halil Berber , Ferhat Demiray
Journal of Molecular Structure,1176 (2019)31-46
https://doi.org/10.1016/j.molstruc.2018.08.067

[13] Amith Nayak,P.H., Bhojya Naik, H.S., Teja, H.B., Kirthan B.R., and Viswanath ,R.
Molecular Crystals and Liquid Crystals ,722 (2021)67-75
https://doi.org/10.1080/15421406.2020.1868053

[14]Sneha Kagatikar and Dhanya Sunil
J. Electron. Mater., 50 (2021) 6708-6723
https://doi.org/10.1007/s11664-021-09197-9

[15]Ahmad Irfan ,Abdullah G. Al-Sehemi and Abul Kalam
Materials , 15 (2022)p8590
https://doi.org/10.3390/mal15238590



https://doi.org/10.1016/j.optmat.2023.113764
https://doi.org/10.1007/s00339-023-06456-w
https://doi.org/10.1016/j.matchemphys.2023.127627
https://doi.org/10.1016/j.ijleo.2021.166825
https://doi.org/10.1016/j.molstruc.2018.08.067
https://doi.org/10.1080/15421406.2020.1868053
https://doi.org/10.1007/s11664-021-09197-9
https://doi.org/10.3390/ma15238590

[16] MagdalenaBarwiolek, Dominika Jankowska, Anna Kaczmarek-Kedziera, Slawomir
Wojtulewski, Lukasz Skowronski, Tomasz Rerek, Pawet Popielarski, and Tadeusz M. Muziol
Molecules, 27 (2022) p 7396

https://doi.org/10.3390/molecules27217396

[17] RihabChouk ,ChadliaAguir , DjedjigaHaouanoh , Manel Bergaoui , Razika Tala-Ighil ,
Elias Stathatos, Mohamed Khalfaoui

Journal of Molecular Structure, 1196 (2019)676-684
https://doi.org/10.1016/j.molstruc.2019.07.026

[18]Vahideh Hadigheh-Rezvan and Bahareh Pilevar-Maleki
Der Chemica Sinica, 9 (2018) 544-554

[19] Md Mizanur Rahman Badal, Md Zakaria Hossain, Md Maniruzzaman and Mohammad
Abu Yousuf

SN Appl. Sci., 2 (2020)p1914

https://doi.org/10.1007/s42452-020-03745-4

[20] Salih Pasa, Yusuf Selim Ocak , Hamdi Temel , Tahsin Kilicoglu
InorganicaChimica Acta, 405 (2013)493-504
https://doi.org/10.1016/j.ica.2013.02.038

[21]Mohammed Enamullah , Baitul Alif Joy , Mohammad Khairul Islam
Journal of Molecular Structure,1175 (2019) 56-64
https://doi.org/10.1016/j.molstruc.2018.07.068

[22] Kaya, L., Yetgin.Z.F.,
J. Electron. Mater., 48 (2019)425-437
https://doi.org/10.1007/s11664-018-6719-2

[23] Ismet Kaya, Sebra Copiir & Hatice Karaer
Int. J. Ind. Chem., 8 (2017)329-343
https://doi.org/10.1007/s40090-017-0112-5



https://doi.org/10.3390/molecules27217396
https://doi.org/10.1016/j.molstruc.2019.07.026
https://doi.org/10.1007/s42452-020-03745-4
https://doi.org/10.1016/j.ica.2013.02.038
https://doi.org/10.1016/j.molstruc.2018.07.068
https://doi.org/10.1007/s11664-018-6719-2
https://doi.org/10.1007/s40090-017-0112-5

[24] Sagar. B.Yadav and Nagaiyan Sekar.,
Computational and Theoretical Chemistry, 1215 (2022) p113806
https://doi.org/10.1016/j.comptc.2022.113806

[25] Chaitannya W. Ghanavatkar , Virendra R. Mishra , Nagaiyan Sekar , Elizabeth Mathew ,
Sijo S. Thomas , Isaac H. Joe

Journal of Molecular Structure, 1203(2020) 127401
https://doi.org/10.1016/j.molstruc.2019.127401

[26]Erfu Huo, Siyamak Shahab , Sultan Al Saud , Weiqin Cheng, Peng Lu, Masoome Sheikhi,
Radwan Alnajjar , Sadegh Kaviani

Journal of Molecular Structure, 1243 (2021) 130810
https://doi.org/10.1016/j.molstruc.2021.130810

[27 ] Jubu, P.R,, Yam, F.K., Igba, V.M., Beh,K.P.
Journal of Solid-State Chemistry,290 (2020) p 121576
https://doi.org/10.1016/].1ss¢.2020.121576

[28] Yu. Petrus, R., Ilchuk,H.A., Kashuba,A.I., Semkiv, I.V., Zmiiovska,E.O., and
Honchar,F.M.

Journal of Applied Spectroscopy, 87 (2020)35—40
https://doi.org/10.1007/s10812-020-00959-7

[29] Patrick Schygulla, Peter Ful-Kailuweit, Oliver Hohn and Frank Dimroth
J. Phys. D: Appl. Phys., 53 (2020) p495104

DOI 10.1088/1361-6463/abb270

[30] Tepehan, F., and Ozer N.

Solar Energy Materials and Solar Cells, 30 (1993)353-365
https://doi.org/10.1016/0927-0248(93)90112-G

[31]Majid Shokrzadeh and Karim Akbari Dilmaghani
Journal of Chinese chemical society,69 (2022)760-767
https://doi.org/10.1002/jccs.202200005



https://doi.org/10.1016/j.comptc.2022.113806
https://doi.org/10.1016/j.molstruc.2019.127401
https://doi.org/10.1016/j.molstruc.2021.130810
https://doi.org/10.1016/j.jssc.2020.121576
https://doi.org/10.1007/s10812-020-00959-7
https://doi.org/10.1016/0927-0248(93)90112-G
https://doi.org/10.1002/jccs.202200005

[32] Nasser Mohammed Hosny , Mostafa A. Hussien , Fatima M. Radwan , Nagwa Nawar
Journal of Molecular Structure, 1143(2017)176-183
https://doi.org/10.1016/;.molstruc.2017.04.063

[33] Mahima Rabari , Ravi Shankar Kumar CH, . Prajapati ,A.K.
Journal of Molecular Structure, 1293 (2023)p 136252
https://doi.org/10.1016/j.molstruc.2023.136252

[34] Vishwanath , T, Ashish ,A., Ravi Shankar , C.K. and Amar,K.D.
Journal of Molecular Structure,1264 (2022) p133290
https://doi.org/10.1016/j.molstruc.2022.133290

[35] Ravi Shankar Kumar, Ch and Marla Prasanti
Materials Today: Proceedings,65 (2022) 2551-2555
https://doi.org/10.1016/j.matpr.2022.04.767

[36] Ravi S. Kumar, Ch., Anjali Jha and Sri Deepthi.
Medicinal chemistry, 17 (2021)60-70
DOI: 10.2174/1573406416666200506085152

[37]M.Prasanti ,Anjalijha , B.Rajesh Kumar and Ch. Ravi Shankar kumar
Physica Scripta -99(2) 025932
https://doi.org/10.1088/1402-4896/ad1705

[38]isa Sidir, Yadigar Giilseven Sidir, Halil Berber, Ferhat Demiray
Journal of Molecular Structure,1176(2019)31-46
https://doi.org/10.1016/j.molstruc.2018.08.067

[39] A. Arokiasamy , G. Manikandan, V. Thanikachalam, K. Gokula Krishnan
Journal of Molecular Structure,1134(2017) 563-575
https://doi.org/10.1016/j.molstruc.2016.12.051



https://doi.org/10.1016/j.molstruc.2017.04.063
https://doi.org/10.1016/j.molstruc.2023.136252
https://doi.org/10.1016/j.molstruc.2022.133290
https://doi.org/10.1016/j.matpr.2022.04.767
https://doi.org/10.1088/1402-4896/ad1705
https://doi.org/10.1016/j.molstruc.2018.08.067
https://doi.org/10.1016/j.molstruc.2016.12.051

Figure Captions

Figure 1 (a). Fig.1(a): Scheme of Schiff base compounds
Figurel (b). [IUPAC names compounds

Figure 2. Optimized molecular structures of compounds

Figure 3(a): Recorded infrared spectra of HBA

Figure 3(b): Recorded infrared spectra of HBN

Figure 3(c): Recorded infrared spectra of HBC

Figure 4: Recorded and Computed wavenumbers of compounds
Fig.5(a) UV Spectra of HB

Figure 5(b) UV Spectra of HB with energy

Fig.5(c) UV Spectra of HBN

Figure 5(d) UV Spectra of HBN with energy

Figure.6: Films of compounds

Figure 7(a): Refractive index and extinction coefficient of HBA
Figure 7(b): Real and Imaginary part of optical dielectric constant of HBA
Figure.8(a): Powdered X ray spectra of HB

Figure 8(b): Powdered X ray spectra of HBN

Figure 9: Proton NMR of compounds

Figure 10: FMO Contours of compounds

Figure 11: ESP Contours of compounds

Figure 12: ESP Maps of compounds

Figure 13: Mulliken Charge distribution of compounds
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Where

For HBA =R=H for aniline
HBC= R= Cl for p-chloroaniline
HBN=R= NO, for p-nitroaniline

Fig.1(a): Scheme of Schiff base compounds
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Fig.1(b): [IUPAC names of compounds
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Fig 2: Optimized molecular structures of compounds
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Fig.3(a): Recorded infrared spectra of HBA
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Fig.3(c): Recorded infrared spectra of HBC
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Fig.8(b): Powdered X ray spectra of HBN
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Fig 10: FMO contours of compounds



Fig. 11: ESP Contours of compounds



Fig 12: ESP maps of compounds
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Table Captions

Table-1: Electronic properties
Table-2: Optoelectronic properties

Table-3: Charge transfer properties



Table-1: Electronic properties

Name of the I[P EA AE X n [
compound

HB 6.922 1.941 4.981 4.431 2.490 3.943
HBA 6.057 1.779 4.278 3.918 2.139 3.588
HBC 6.135 1.954 4.181 4.044 2.091 3.912
HBN 6.641 2.826 3.815 4.733 1.908 5.873




Table-2: Optoelectronic properties

Name of R, R’ P E 2. g n Y a g

the

compound

HB 4.09 68418 0.168 7.677 2473 3473 1.864 3.455 13.477  7.157
HBA 4.90 117.649  0.086 3265 2976 3976 1.9%4 3.023 27726  11.297
HBC 5.08 131.096  0.112 4334 2920 3920 1.979 4407 30452 5.023

HBN 5.11 133433  0.196 7.309 3.030 4303 2.074 7.856 32.188  57.047




Table-3: Charge transfer properties

Name of the compound o, @ AN N]

HB 4.809 0.378 1.779 2.079
HBA 4.288 0.369 0.428 2.332
HBC 4.501 0.457 1.934 2.222
HBN 5.780 1.047 2.481 1.730




