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doped alkali lead borophosphate glasses with chemical compositions of (45-x)
H3BO3+20P205+10A1203+10PbO+15Li2CO3+xDy203 (where x = 0.0, 0.1, 0.25, 0.50, 1.0 and 2.0 wt%) have
been prepared by conventional melt quenching technique and their physical, structural and spectroscopic
behavior were studied systematically through XRD, FTIR, SEM with EDAX, optical absorption, luminescence and
decay measurements. The density and refractive index increase with increasing of Dy®" ions concentration and
accordingly creating more non-bridging oxygen (NBOs) into glass matrix. X-ray diffraction study proves the
amorphous nature of the prepared glasses. The FTIR study reveals the presence of BO4, PO4 vibrational groups
and the bending of B-O-P, P-O-P units. The surface morphology and existence of elements in the prepared
glasses have been studied through SEM with EDAX. The absorption spectra exhibit nine peaks with hypersen-
sitive transition corresponding to 6H15/2—>6F11 ,2 at around 1270 nm. The Judd-Ofelt (JO) theory is used to
calculate the calculated oscillator strengths, JO intensity parameters, radiative transition probabilities, stimu-
lated emission cross-section and branching ratio for the present glasses. The JO intensity parameters follow the
trend as Qp>Q6>Q4. The luminescence spectra of the glass sample displayed three emission peaks with high
intensity are centered at 478 nm and 574 nm respectively. These attractive luminescence features of the pro-
posed glasses in the white region verified using CIE 1931 diagram useful for the development of white light
applications. The decay measurements of the prepared glasses for the state 4Fg/2 were measured and exhibits
both single and non-exponential behavior.

1. Introduction

Currently, rare earth doped glasses have a great attention for
development of photonics applications such as energy converter, sensors
and solid-state lighting applications. The precise 4f-4f or 5d-4f narrow
emission transition occurs through the shielding of 5s 6p outer electron
by the 4f inner electron. This phenomenon is known as shielding effect.
The rare earth ions can be doped with either crystalline or amorphous
materials. When it is doped with amorphous material, the optical
properties are more tunable for the required applications than crystal-
line [1]. From the various host materials borate has occupied a special
place in the glass network due to low melting point, high RE ions sol-
ubility, high transparency and large thermal stability [1-3]. Borate
glasses encourage the non-radiative process that dominates the ab-
sorption and emission due high phonon energy, an addition of phos-
phate in the network reduces the non-radiative process and hygroscopic
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nature along with high gain coefficient.

Introduction of modifier (Aly03) in the network enrich the physical
and optical properties of the glasses [2]. In addition to that, PbO has the
dual nature of glass former as well as modifier that helps to formation of
non-bridging oxygens and modified the triangle structural units into the
tetragonal units [4]. The alkali element LioCO3 plays vital role in the
modification of the structural and optical behaviors of the RE doped
glasses [3,4]. These oxides and alkali elements assorted with bor-
ophosphate glasses give the new physical and chemical properties with
RE ions [1,4-11]. Among the different RE ion, Dy>* has focused by many
researchers because of the attractive optical behavior of light emitting in
the visible region [12]. Interestingly, the intense emission band arises
due to the electric and magnetic dipole moment corresponding to the
transitions “Fq /2 —>6H13 /o and 4Fy /2 —>6H15/2 respectively [13-18]. The
above emission transitions in the blue and yellow regions yielding the
capacity to develop white light.
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Abstract

Electronic structure calculations were performed to analyze the effectiveness of linking agents (sulfur and nitrogen) in
connecting the trans-azobenzene sandwiched between two gold surfaces (Au-atoms). It was analyzed the dynamics of
the load carrier and the electronic structure of the molecular backbone by applying an external electric field (EF), also a
detailed structural, frontier orbital and natural bond orbital analysis (NBO) were performed. From the NBO analysis, it
was possible to predict the path of charge flow in the molecular system. Electrostatic potential mapping allowed us to
visualize the charge redistribution in the molecular system caused by the EF application. Our results indicate that when

the nitrogen atom is used as a linking agent, the azo group of molecules may enhance their conductivity.

This work is licensed under a Creative Commons Attribution 4.0 International License.
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ABSTRACT

The Cobalt doped Zinc oxide (CZO) thin films were first prepared by sol-gel method. CZO transparent
conductive thin films were deposited on glass substrates using spin coating technique. From XRD graph,
the (002) diffraction peak intensity of CZO film decreased with increased doping concentration from 3 to
8 wt%. No extra peaks related to cobalt metal and other oxide phases were detected which illustrates that
the obtained films are of single phase. Crystallite size (D) decreases gradually with increase in the Co dop-
ing level. The transmission curves of the Co doped ZnO thin films were taken in the wavelength area 300-
800 nm. The average value was determined to be 80%. SEM images indicate the uniform distribution of
spherical particles without any cracks or pore and exhibits good crystalline quality. It clearly shows that
the crystalline decreases as cobalt concentration increases.

© 2021 Elsevier Ltd. All rights reserved.
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1. Introduction

Zinc oxide (ZnO) belonging to an II-IV metal oxide semicon-
ductor is an interesting material for short wavelength optoelec-
tronic applications owing to its wide band gap 3.37 eV, large
bond strength, large exciton binding energy (60 MeV) at room
temperature, non-toxic, and abundant in nature [1]. Because of
these properties, ZnO thin films are integrated in optoelectronic
applications, where they improve the optical absorption property
[2]. ZnO has been considered as an alternative photocatalysts to
TiO2 because it is highly active towards photo induced redox
reaction, bio-compatible in nature, environment friendly and also
exhibits high absorption efficiency [3]. ZnO has fascinated great
interests because of their potential applications in optics and
optoelectronic devices such as ultraviolet (UV) photodetectors,
light emitting diodes (LEDs), Laser diodes (LDs), catalysts, gas sen-
sors, and transparent conducting electrodes [4]. ZnO thin film is
prepared using various techniques such as spray pyrolysis,
radiofrequency (RF) sputtering, sol-gel spin coating, pulse laser
deposition (PLD), chemical vapor deposition (CVD), and molecular
beam epitaxy (MBE). The sol-gel spin coating method is low cost
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in compared with others and promising one to prepare compo-
nents with uniform films, high yield and easy to control the film
deposition, generated [5,6]. The adhesion of the film to the sub-
strate is strong in sol-gel method [6]. Doping of ZnO thin films
enhances both optical and electrical properties [7].The interest
has been extensively grown to study metal iondoped ZnO rather
than pure zinc oxide. The electronic structure of the material
can be modified with doping leads to increase the generation of
excitonspair particularly important for applications in light-
induced phenomena [8].The transition metal doped ZnO forms a
promising candidate material for the field of Spintronic applica-
tion. In thin film form, when doped with Co2+, it generates a sig-
nificant alteration in the band gap of ZnO [9]. The excellent
optical properties of ZnO and the possibility of band gap engi-
neering through transition metal ions (TM = Co; Mn; Ni ...) dop-
ing strongly encourages the exploration of the magneto-optical
properties of the TM-doped ZnO system [6]. Also, doping is
important to improve the photocatalytic efficiency of ZnO by
retarding the recombination rate of charge carriers [3]. In partic-
ular, Co doped ZnO thin films exhibit high electron mobility, good
optical transparency and high electrical conductivity [10].In this
research work, Co doped ZnO thin films were prepared by sol-
gel spin coating method on glass substrates and the structural
and optical properties were investigated.

Selection and peer-review under responsibility of the scientific committee of Cutting-edge Research in Material Science and Chemistry (CRMSC-2021).
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The multifunctional zinc oxide (ZnO) nanoparticles were economically grown through a simple co-precipitation
technique. Ni-doped (1, 3, and 5 wt%) ZnO nanoparticles were also grown to comprehend their influence on the
ferromagnetic property of the ZnO, especially at room temperature. The structural and surface morphological
features of the prepared nanoparticles were studied through X-ray diffraction (XRD) and Scanning electron
microscopy (SEM) techniques, respectively. Diffused reflectance, Photoluminescence, and Fourier transform
infrared spectroscopic analyses were also carried out to understand the consequence of Ni doping on the ZnO
nanostructure. The secondary phase formations such as NiO and NiO; elucidate the solid solubility limit of three
percent of nickel in the ZnO matrix. Size-strain analysis was performed to evaluate the crystallite size and
apparent strain values. An increase in the agglomeration of particles is evidenced by SEM micrographs with an
increase in the Ni doping percentage. The bandgap measurements showed a redshift from 3.25 to 3.18 eV for the
Ni-doped nanoparticles. Photoluminescence study reveals the existence of lattice defects including interstitials
and vacancies in the synthesized nanostructures. The vibrating sample magnetometer studies divulge that 3% Ni-
doped ZnO nanoparticles show an intense ferromagnetic property at room temperature. These experimental
observations manifested that the Ni-doped ZnO nanoparticles are potential candidates for spintronics device
applications.

1. Introduction

behavior at room temperature when doped with transition metal ions
such as Fe [12], Ni [13], and Co [14]. Usually, ZnO reveals n-type

The charge of an electron plays a crucial role in the working of
semiconductor-based devices and the spin of the electron decides the
performance of magnetic devices. When magnetic particles were intro-
duced into the matrix of non-magnetic semiconductors, both the spin
and the charge of an electron can be utilized to improve the device’s
performance. ZnO is one such multifunctional material having diverse
applications in the field of optoelectronics to biomedicine [1-7]. This
magnetic semiconductor is under rigorous research since the last decade
due to its advantageous properties such as high exciton binding energy,
thermal conductivity, photostability, refractive index, UV protection,
and antibacterial activity as well as a low dielectric constant [8]. The
magnetic semiconductor properties can be tailored based on its size and
shape [9-11] in addition to the possibility of exhibiting ferromagnetic

conductivity due to the existence of intrinsic defects such as zinc in-
terstitials and oxygen vacancies [15]. The charge and spin degrees of
freedom of ZnO can be manipulated easily by adding suitable dopants.
Usually, the transition metal ion replaces the cation in the ZnO matrix
altering the electronic structure of the host material. Its prospective
application lies in the spintronics field aiding in the manufacture of
spin-dependent transistors and light-emitting diodes [16,17], varistors,
laser diodes, and sensors. The wider bandgap (3.37 eV) of this material
can also be tuned to modify its absorbance property to make it appli-
cable in photocatalytic applications [18]. W. Liu et al.demonstrated that
introduction of oxygen into metallic glasses converting them into mag-
netic semiconductors [19]. They introduced non-magnetic oxygen into a
metallic glass to fabricate a CoageFejo4Tas3Bg704¢ magnetic
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The influence of external electrical field (EF) over the frans and cis isomers of azobenzene is investigated upto molecular
orbital level with the aid of density functional theory. The frontier molecular orbital analysis and electrostatic potential
(ESP) mapping are used to figure out the response of the molecules (frans and cis isomers of azobenzene) to the applied EF.
The variation in dipole moment gives the extent of polarization in the molecule due to EF. With the aid of natural bond
orbital analysis (NBO) the possible charge transfer path through the molecule can be predicted. ESP and NBO analysis
clearly shows that drastic charge redistribution takes place for the EF strength of 0.15 V/A. Hence the EF strength above
0.15 V/A can be considered as threshold filed strength for organic molecular conductance. All these theoretical
investigations provide a basic knowledge about the influence of molecular conformation over the conductivity of a molecule

in the presence of EF.

Keywords: DFT, Azobenzene, Molecular orbitals, Charge distribution, NBO

During the past decade, an interdisciplinary group of
physicists, chemists and engineers are performing a
series of experimental and theoretical studies in
molecular electronics to measure and control the
charge transport through a single molecule'”.
Compared to experimental studies, theoretical
investigations give an insight into the electronic
structure of molecules which paves the way for the
better understanding of the molecule’s behaviour
under various circumstances*. In this aspect density
functional theory (DFT) is widely employed to find
out the electron transport through single molecule
sandwiched between two electrodes through a
linking agent””.

In this article #rans and cis isomers of azobenzene,
the simplest structure among azo- group, is
considered for the study. Azo-compounds are well
known for their photo-switching between #rans and
cis conformations in ultra violet range which makes it
suitable to be used in molecular photoelectric
switches, electrical data storage devices and logical
devices with appropriate fictionalization'®"*. Actual
molecular circuits are established through chemical
bonds without any macroscopic interface. But in most
of the experimental methods like STM and AFM a

single molecule is precisely positioned in between a
metal substrate and a metal tip for measuring the
electrical conductance of the molecule. Thus, it is
necessary to represent such metal-molecule
connection in theoretical study also. In this aspect,
trans and cis isomers of azobenzene are connected to
gold atoms (Au) through the linking agent nitrogen N.
The purpose of including linking agent is to enhance
the connection between the metal (Au) and organic
molecule. This extended frans and cis isomers of
azobenzene (with N and Au atoms) are named as
M-I and M-II, respectively.

The study mainly focuses on the response of
M-I and M-II to the applied electric field (EF). The
information obtained from these analyses will be
useful to tune azo-group of molecules for various
applications in molecular electronics. Also the extent
of the effect of molecular conformation over the
electrical conductivity of a molecule is analyzed.

Materials and Methods
Computational details

All the calculations are carried out as implemented
in Gaussian 09 software package"” through DFT'
with B3LYP hybrid functional. Since heavy atoms
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Abstract: Pure InpO3 and 6% Cr-doped InyOj3 thin films were prepared on a silicon (Si) substrate by
pulsed laser deposition technique. The obtained InyO3/InyO3:Cr thin films structural, morphological,
optical, magnetic and gas sensing properties were briefly investigated. The X-ray diffraction results
confirmed that the grown thin films are in single-phase cubic bixbyte structure with space group
Ia-3. The SEM analysis showed the formation of agglomerated spherical shape morphology with the
decreased average grain size for Cr doped Iny O3 thin film compared to pure In,Os film. It is observed
that the Cr doped InyO3 thin film shows the lower band gap energy and that the corresponding
transmittance is around 80%. The X-ray photoelectron spectroscopy measurements revealed that the
presence of oxygen vacancy in the doped InpO3 film. These oxygen defects could play a significant
role to enhance the sensing performance towards chemical species. In the magnetic hysteresis loop, it
is clear that the prepared films confirm the ferromagnetic behaviour and the maximum saturation
value of 39 emu/cc for Cr doped In,Os3 film. NHj3 gas sensing studies was also carried out at room
temperature for both pure and Cr doped In,O5 films, and the obtained higher sensitivity is 182% for
Cr doped InyO3, which is about nine times higher than for the pure InyO3 film due to the presence of
defects on the doped film surface.

Keywords: InyO3/InyO5:Cr thin films; XPS; magnetization property; NH3 sensor

1. Introduction

High carrier mobility with the magnetic property of transparent metal oxides attracts
as a miniature robust device for spintronic applications. This class of materials is called
diluted magnetic metal oxide semiconductors (DMOS) [1]. These magnetic semiconduc-
tors could lead to unite the electrical manipulation of magnetic states and the magnetic
adjustment of electrical signals that could result in devices such as bipolar transistors,
spin resonant diodes, spin field effect transistors, magnetic semiconductor tunnel junction
devices, magnetic bipolar junction diodes, and transistors, etc. [2-8]. If carrier-mediated
magnetization can be induced in transparent semiconducting oxides such as In,O3, ZnO,
TiO,, etc., it is predicted that such DMOS will exhibit coupling among electrical, optical,
and magnetic properties, further boosting the prospects of devices emanating from such
materials. Among various transparent conducting oxide materials, In,O3, ZnO and SnO,
are multipurpose materials with a wide range of applications in optoelectronics, solar cells,
gas sensors, etc. [9-13], due to the interstitial defects of oxygen and other state defects.

Coatings 2021, 11, 588. https:/ /doi.org/10.3390/ coatings11050588
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Abstract

Ion conducting, biopolymer membranes (BPMs) based on pectin as host polymer, ammonium formate (AF) as proton donor
salt and ethylene carbonate (EC) as plasticizer are prepared using a simple solution cast method. “Doping AF in host polymer
increases the ionic conductivity up to (2.74 +0.15)x 10~ S cm™" at the ambient temperature and incorporation of EC in to
the polymer salt complex further enhances the conductivity to a maximum of (3.6 +0.21)x 107> S cm~!.” Improvement in
ionic conductivity owing to increased amorphous content of BPMs was investigated via X-ray diffraction (XRD) analysis.
The interaction of AF and EC with the polymer host is analysed using Fourier transform infrared (FTIR) spectroscopy.
The activation energy and regression values are calculated for prepared samples. The transport properties are determined
using both the deconvoluted FTIR spectra and the transfer number measurement (TNM) technique, as well as the results are
compared and correlated with the ionic conductivity of the BPMs. Using the highest conductive BPM, the primary proton
battery was fabricated and the operation was explored and suggested as an alternative research direction for the lower current

density applications with improved eco-friendly nature.

Keywords Biopolymer membranes - Plasticizer - Diffusion coefficient - Transference number - Deconvolution

Introduction

The increase in the world’s population and economy, with
rapid urbanization, will lead to a significant increase in
energy consumption in the coming years. The transforma-
tion to a renewable energy system would have very positive
economic impacts in the near future [1]. One such transition
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is the use of biopolymers derived from renewable resources
for electrochemical applications. Biopolymers gain popular-
ity due to their non-toxic, eco-friendly, biodegradable and
biocompatible nature. Biopolymer electrolytes are synthe-
sized by dissolving salts in biopolymers of high molecu-
lar weight. In recent years, based on biopolymers such as
agar—agar [2], cellulose acetate [3], iota-carrageenan [4],
kappa-carrageenan [5], chitosan [6], gelatine [7], dextran
[8], carboxy methyl cellulose [9], starch [10], natural rub-
ber [11], ion-conducting electrolytes for various applications
have been reported. Over the past two decades, biopolymer
membranes conducting lithium ions have been intensively
studied. However, the smaller proton radius promotes the
intercalation on the electrode contact surface, resulting in
better performance for electrochemical applications, sug-
gesting the proton-conducting biopolymer membrane as an
alternative option for lithium-ion batteries [12].

In our current research, pectin was chosen as polymer
host from the available biopolymers for the preparation of
the proton-conducting polymer membrane for electrochemi-
cal applications. Pectin is a kind of biopolymer not com-
monly studied in the area of polymer electrolytes. It is a

@ Springer
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ABSTRACT

Thiosemicarbazides are an important class of compounds with pronounced biological activities. In this
contribution, the crystallographic structure of (E)-2-(2,5-dimethoxybenzylidene)hydrazinecarbothioamide
(DBH) was described, and further spectroscopic studies (IR, Raman, 'H, and *C NMR) studies were per-
formed. Several density functional theory functionals (B3LYP, CAM-B3LYP, APFD, PBEPBE, M05-2X, and
MO06-2X) in conjunction with 6-311++G(d,p) were applied for the optimization of the structure. The
highest resemblance to the crystallographic structure was obtained for structure optimized at M05-2X/6-
311++G(d,p) level of theory. This structure was further used for the prediction of IR, Raman, and NMR
spectra. The detailed vibrational and NMR analysis, with the most prominent bands assigned, proved
that the experimental and theoretical spectra match well and that the obtained level of theory was suit-
able for the description of structure. Special emphasis was put on the analysis of dimers of DBH and
water/DMSO-DBH structures to examine specific interactions. Natural Bond Orbital (NBO) and Quantum
Atoms in Molecules (QTAIM) theories were applied for the quantification of the strength of these interac-
tions. The most active positions were outlined through the calculation of the Fukui functions. A molecular
docking study of DBH was performed towards Polo-like Kinase 1 (PLK1) to investigate the potential anti-
tumor activity and the results were compared to volasertib. Specific interactions and binding affinities of
monomers and dimers of DBH were discussed.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

logical properties, including antibacterial, antifungal, anticonvul-
sant, biocidal, and antitumor activities [1-3]. Thiosemicarbazide is

Hydrazides are the significant starting material for a broad
range of derivatives exploitable as surfactants and in pharmaceu-
tical products. Hydrazides became more attractive to the lead-
ing theorists and experimenters because of their biological impor-
tance especially in enzyme and medicinal chemistry. Moreover, the
molecular structure of hydrazides, which includes multifunctional
groups such as an amine, amide, and a long alkyl chain, results in a
chemically reactive molecule that may promote numerous organic
synthesis reactions.

The thiosemicarbazide H,N-NH-C(=S)-NH, and its S-alkylated
derivatives are encouraging units for synthesizing new polyfunc-
tional organic compounds with a variety of analytical and bio-

* Corresponding author.
E-mail address: physicist.sudha@gmail.com (S. Sudha).

https://doi.org/10.1016/j.molstruc.2021.131277
0022-2860/© 2021 Elsevier B.V. All rights reserved.

an especially fascinating scaffold because it allows more proba-
ble photochemical isomerization than hydrazines [4]. Because of
their unusual properties, thiosemicarbazide-based derivatives are
of great importance in scientific development, especially due to the
formation of transition metal complexes with interesting biological
activity [3,5]. They have a wide range of applications in structural
chemistry. The Schiff bases have a higher inhibitory efficiency than
amines and aldehydes since they have an imine functional group
(-C=N-) [6].

Till now, the crystal structure of 2,5-Dimethoxybenzaldehyde
thiosemicarbazone was reported by Fun et al. [7]. Syn-
thesis, crystal structure, and characterization of (E)-2-(24-
dimethoxybenzylidene)hydrazinecarbothioamide and (E)-2-(2,5-
dimethoxybenzylidene)hydrazinecarbothioamide were done by
Khalaji et al. [8]. The same compound showed high activity
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ARTICLE INFO ABSTRACT

Keywords: A Schiff base third-order nonlinear optical material (E)-N’-(4-bromobenzylidene)— 4-fluo-
BBFBH robenzohydrazide (BBFBH) was synthesized. It was characterized by victimization chemical
FTIR analysis techniques like Fourier Transform Infrared (FTIR), Nuclear Magnetic Resonance (NMR),
gyR Ultra-Violet (UV) spectra and Z-scan. The molecular structure of hydrazide derivative
7-scan C14H10BrFN2O has been studied with Gaussian 09 using density functional theory. The experi-

DET mental and theoretical FTIR spectral peaks were analyzed and compared. The absorption in the
Ultra-Violet region makes the material to be suitable for optical activity. The static first-order
hyperpolarizability (f) were calculated and compared with carbamide. The molecule’s poten-
tial and compatibility in optical limiting applications are revealed by Z-scan investigations.

1. Introduction

Organic nonlinear optical (NLO) materials are important in a variety of optical applications. Schiff bases are the most convenient
approach to make NLO materials. Schiff base organic materials [1] are attracted extensive interest from different study fields such as
physics and chemistry due to their optical nonlinearity which makes them demanded materials for optoelectronic properties [2],
optical communication [3], electro-optical applications [4]. Also, NLO materials are used for extremely fast optical switching and
modulation [5]. The z-scan approach is widely used experimental technique for nonlinear susceptibilities of various materials that are
intensity-dependent like organometals [6], metal crystals [7] nano-particles [8], organic materials [9].

Hydrazides are identified as a tunable compound of Schiff base NLO material [10]. Albayati et al. also reported benzohydrazide
derivative [11]. Ramesh Babu et al. [12] synthesized and reported the structural characterization of another benzohydrazide material.
A low first-order hyperpolarizability value was pronounced by Abed [13]. Arunagiri et al. [14] have reported the synthesis, crystal
structure and vibrational spectra analyses, DFT computations, electronic properties and Hirshfeld analysis of (E)=4-Bromo-N'-(2,
4-dihydroxybenzylidene)benzohydrazide. The nonlinear optical property of this material has been proved by Z-scan analysis in this
research work. Other benzohydrazide derivatives were also shown to be excellent NLO materials [15,16]. The synthesis of hydrazide
derivative with high molecular hyperpolarizabilities exhibit several considerable NLO properties. The Z-scan technique is the simplest
methodology for determining third-order optical nonlinearity. So, the literature survey reveals that the hydrazide derivatives are good
candidate for NLO applications.
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Abstract

Copper Zinc Tin Sulfide (CZTS), a successful contender for environmentallybenign thin film
photovoltaics was successfully prepared on soda-lime glass substrates through an economically
feasible nebulizer assisted spray pyrolysis technique. Further, a solar cell structure withn-CdS/p-
CZTSheterojunction was fabricated to study the performance of the nebulizer sprayed CZTS absorber
layer using different precursor solutions for copper such as copper acetate, copper chloride, and
copper nitrate. Investigations were done to ascertain the influence of different copper precursors on
the optoelectronic properties of CZTS thin films by systematically analyzing their characteristics
determined by using different analytical techniques. X-ray diffraction studies show a preferential
orientation along (112) plane for the deposited kesterite film. The obtained film thickness and
crystallite size were found to be 507 nm and 8 nm, respectively, for the film derived from copper
nitrate based spray solution. AFM morphological analysis also confirmed a higher particle size for
copper nitrate based CZTS film whose band gap was found to be 1.50 eV. The absorption characteristic
was also in the favor of nitrate form of the copper precursor which shows a higher absorption value in
the visible region than the rest of the samples. Its carrier concentration was found to be 8.06 x 10'”
cm > which is 4 times higher than the rest of the films and mobility was found to be of the order of
12.3cm® V' s~ ', The open circuit voltage, short circuit current, fill factor, and efficiency of copper
nitrate based CZTS solar cell structure was found to be better and is determined to be 0.27 V,
2.51mAcm™?,24.3%, and 0.165%.

1. Introduction

Recent advances in thin film fabrication technology have resulted in the production of many commercially
viable thin films having diverse applications from nanotechnology to space missions. It is more remarkable in
the field of photovoltaic conversion of energy. The best performing thin film solar cells are based on CIGS or
CdTe[1, 2] whose constituents are either rare and costly or toxic. So the major concern in solar thin film
technology is to produce an absorber that is cheap and ecofriendly. Due to the similar structure and bandgap like
CIGS and its excellent visible light absorption, CZTS is an emerging absorber material belonging to the
chalcogenide family [3-5]. In addition, due to its isoelectronic structure, much extensively studied chalcopyrite
fabrication technologies can be used to prepare this quaternary compound semiconductor. The advantage of
CZTS is its earth abundance and non-toxic nature which makes it cheap, besides its favorable characteristics
such as high absorption coefficient around the visible region and its optimal direct tunable bandgap lying
around 1.5 eV [6]. The Shockley—Queisser theoretical limit predicts the highest efficiency of around 33% fora

© 2021 IOP Publishing Ltd
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ABSTRACT

The current work reports the synthesis of the Earth-abundant Copper Zinc Tin
Sulfide (CZTS) absorber thin films at low temperature through modified spray
pyrolysis technique without high-temperature annealing. The impact of carrier
gas pressure during the synthesis of this potential solar absorbing material in
the form of thin film is studied within the range of 0.10 to 0.20 Pa at a substrate
temperature of 350C to understand the variation in its inherent characteristics.
The deposited films were analyzed subsequently using X-ray diffraction, Raman
spectroscopy, Scanning electron microscopy, Energy dispersive X-ray spec-
troscopy, Atomic force microscopy, and a UV-Vis spectrophotometer. The
influence of the carrier gas pressure on the electrical property of the deposited
films is also studied by analyzing its I-V characteristics. Structural and mor-
phological analysis exhibits the formation of highly crystalline CZTS absorber
film with good adherence on SLG substrate. The Raman analysis establishes the
kesterite structure and the phase purity in the grown CZTS films except 0.15 Pa
sample which shows the presence of a trace of Cu,S binary phase. The grain size
as well as roughness of the deposited films is observed to increase with the gas
pressure up to 0.15 Pa and decreased thereafter. The band gap of the film is
found to decrease from 1.42 to 1.30 eV under the testing limits. The I-V char-
acteristics of the deposited film at 0.15 Pa show higher current value than the
rest of the samples. Apart from the study of influence of carrier gas pressure,
this study also confirms the usage of the modified nebulizer-assisted spray
pyrolysis technique as one of the economical fabrication methods for mass
production of nontoxic CZTS absorber thin films that can be used in the
development of environment-friendly low-cost solar cells.

Address correspondence to E-mail: gunavathy kec@gmail.com

https:/ /doi.org/10.1007 /s10854-021-07014-x @ Springer



1io
&9 2g,
& 3

5 2
E E M
Ps i~
.

Check for
updates

Indian J Phys
https://doi.org/10.1007/s12648-021-02215-w

ORIGINAL PAPER

Concentration dependence of white light generation in Dy3+-d0ped
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Abstract: A new series of Dy’ "-doped lithium-fluoroborophosphate glasses have been prepared by conventional melt-
quenching technique and explored by XRD, FTIR, optical absorption, photoluminescence and decay spectral measure-
ments . XRD results confirm the amorphous nature of the prepared glass. The physical properties were calculated with
density and refractive index measurements. FTIR spectra reveal the various stretching and bending vibration of borate
(BO5 and BO,) and also phosphate (PO,4) networks. The absorption spectra exhibit nine absorption peaks from the ground
state °H, s/ to various excited states. Using absorption spectra ligand field environment around the Dy*" ions, Judd—Ofelt
parameters, optical band gap and Urbach’s energy were calculated and reported. The JO theory has been applied to
calculate the oscillator strengths and to evaluate the radiative properties of the emission transitions of Dy>" ions in the
prepared glasses. The luminescence spectra exhibit three transitions 4F9/2 - 6HJ J=9/2, 11/2, 13/2) at 483 nm (blue),
574 nm (yellow) and 663 nm (red), respectively. The Inokuti—-Hirayama (IH) model (S = 6) fits well with non-exponential
decay curves and indicates dipole—dipole interaction between donor and acceptor Dy ions through cross-relaxation. The
(X, y) coordinates and CCT values of the prepared glasses are found to be near the white light region representing the
suitability of synthesized glasses for solid-state lighting applications.

Keywords: Melt-quenching technique; Rare earth; Absorption; Photoluminescence; CIE diagram; Fluoroborophosphate

glasses

1. Introduction

Over a period of time, rare earth (RE) ions-doped materials
have achieved a remarkable importance in the field of
research because of the unique transitions between 4f-4f
levels shielded by the outermost shells. The glasses are the
best optical materials for RE ion doping as compared to
ceramics and phosphors because of good RE ions solubility
and good chemical, mechanical and thermal stability [1-5].
These properties attracted the researchers to prepare and
investigate RE ions-doped glasses. Among the various
glass network formers, borate glasses are more interesting
because of their physical, optical and structural properties,
along with modifiers like alkali metal oxides [6—8]. The
addition of phosphate into the borate (B,O5) glass forms a

*Corresponding author, E-mail: arulroy @gmail.com

Published online: 26 October 2021

cross-linked P-O-B bonds which enhances the mechanical
and thermal stability, chemical durability and increase in
glass-forming ability [9, 10]. There has been a good
interest in synthesis and investigation of Dy>'-doped
B,03-P,05 glasses, for the applications in diversified fields
like solid-state lighting and lasers, IR to visible up con-
verts, field emission display and non-linear optical devices.

In borate network, addition of network modifiers in
certain compositions increases the degree of polymeriza-
tion, converting boron coordination from BO; to BOy
resulting increase of non-bridging oxygen’s. Whereas in
phosphate network, the modifiers lead to depolymerization
by breaking P-O-P bridges and creating non-bridging
oxygen’s. The mixture of these two network formers,
B,03;-P,05_ allows considerable modifications of the host
structure by controlling volume nucleation, resulting a
higher disorder. The network modifiers are playing vital
role in forming hypersensitive transition with high

© 2021 TACS
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(E)-N’~(3-ethoxy-4-hydroxybenzylidene)-4-fluorobenzohydrazide (3E4H4FB) single crystal was obtained
by recrystallization method. Single-crystal X-ray diffraction analysis revealed the crystalline structure,
packing, and molecular geometry features of the prepared crystal. The structural parameters such as bond
distances and angles of 3E4H4FB crystal were discussed. The B3LYP/6-311G(d,p) level of theory was used

Keywords: to do optimize the structure, and the computed results reveal that the optimized geometry can perfectly
XRD replicate the crystal structure. The inter- and intramolecular hydrogen bonding interactions were also in-
FTIR terpreted. Hirshfeld surface analysis was used to elucidate and quantify the intermolecular interactions
NBO between the molecules in the crystal structure. FTIR analysis was applied to identify the characteristic
Z-scan functional groups of the synthesized crystal. Natural bond orbital (NBO) and Quantum Theory of Atoms
?é;s]:‘fﬁ:lg surface analysis in Molecules (QTAIM) analyzes of the molecule were also used to quantify interactions present in the

molecule. The excitation wavelengths, oscillator strengths, and excitation energies were determined by
the TD-DFT calculations and compared to the experimental wavelengths. The charge transfer within the
molecule was explained by the frontier molecular orbital analysis. Nonlinear optical (NLO) properties
were calculated to predict the electric dipole moment and first-order hyperpolarizability of the com-
pound. The static third-order susceptibility value was measured by the Z-scan technique. Finally, the eco-
toxicity impact of the novel NLO material was assessed towards fish, daphnia, and green algae.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Researchers are drawn to organic materials in their search for
technologically important materials because of their delocalized
electronic structure. Organic molecules with electron donor and
acceptor groups have a m-conjugated system, which makes these
materials suitable for nonlinear optical (NLO) application [1]. At-
tempts to design and synthesize Schiff bases and their complexes
have been made for decades to employ these molecules in di-
verse fields of research. Schiff bases are prepared by forming an
azomethine or imine (-CH=N-) group by condensation of a pri-
mary amine with an aldehyde or ketone. The carboxyl (C=0) group
is substituted with the C=N-R group in a Schiff base, which is a
nitrogen analog of an aldehyde or ketone. Schiff bases are used
as good chelating agents due to their relative ease of synthesis,

* Corresponding author.
E-mail address: physicist.sudha@gmail.com (S. Sudha).
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synthetic flexibility, and the specific property of the C=N group.
Due to the broad spectrum of applications, Schiff bases have been
employed in organic dyes catalysts, liquid crystals and also used
as intermediates for several bioactive compounds [2]. Due to the
presence of delocalized electron clouds between donor and accep-
tor groups, Schiff bases demonstrate unique hyperpolarizabilities as
characteristics of interest [3].

The hydrazones have the formula >C=N-N, which makes them
nucleophilic and electrophilic. The nitrogen atom in the hydrazone
moiety is nucleophilic, whereas the carbon atom is both nucle-
ophilic and electrophilic. The nucleophilic and electrophilic behav-
ior of hydrazones strengthens their efficacy in organic chemistry
and drug designing networks [4]. Benzohydrazide derivative crys-
tals have good third-order nonlinear optical properties. Benzohy-
drazide derivatives also have antibacterial and antitubercular prop-
erties, making them possible prostate cancer inhibitors [5], and
also have antifungal and antiproliferative activities.
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Highlights

* Undoped and Mn (5 atomic % & 10 atomic %) doped zinc oxide
nanoparticles were prepared by the soft chemical method.

* The nanoparticles were characterized using XRD, SEM, EDAX,
UV-Vis, FT-IR, and room temperature PL Analysis.

» Antimicrobial activity of prepared nanoparticles were tested
against both gram positive and gram negative human
pathogens.

» The antioxidant potential of prepared nanoparticles was
estimated using Phosphomolybdate and DPPH assay.

» The MTT assay was used for cytotoxicity evaluation of prepared
nanoparticles against breast cancer cell line MDAMB231.

Abstract

Undoped zinc oxide nanoparticles and Mn (5 atomic % & 10 atomic %) doped zinc oxide nanoparticles were
prepared by soft chemical method. Antibacterial, antioxidant and anticancer activities in breast cancer cell line
MDAMB231 of prepared nanoparticles were investigated. The nanoparticles were characterized using XRD, SEM,
EDAX, UV-Vis, FT-IR, and room temperature PL Analysis. Antimicrobial activity was tested against both gram
positive and gram negative human pathogens. The antioxidant potential of prepared nanoparticles was estimated
using Phosphomolybdate and DPPH assay. The MTT assay was used for cytotoxicity evaluation of prepared
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ABSTRACT

In this work, a thin film of Cadmium selenide is deposited on fluorine tin oxide-
coated glass substrate through a simplified 2-electrode electrodeposition technique.
The performance of the as-deposited films is compared with its annealed counter-
parts at two different temperatures of 250 °C and 350 °C in air. The impacts of
annealing on different physical characteristics of the prepared films were investi-
gated with the help of an X-ray diffractometer (XRD), scanning electron microscopy,
and UV-Vis spectrometer. Studies on the photoresponse characteristics of the
deposited films were also carried out. Structural a nalysis was done to determine the
lattice parameters, size of the crystallite, dislocation density, and microstrain, uti-
lizing the data from XRD analysis which exhibits a predominant orientation of CdSe
films along (002) direction and showed the presence of hexagonal nanocrystalline
phase. Morphological analysis shows larger grains for 350 °C-annealed sample than
the as-grown and the 250 °C-annealed sample. The analysis of the optical property
confirms a higher absorption in the visible region and shows a band gap of 1.65 eV
at the annealing temperature of 350 °C. The photoresponse characteristic recorded a
responsivity of 109 x 102 A/W, detectivity of 192 x 10° Jones, and an external
quantum efficiency of 253% for the same sample which is annealed at higher tem-
perature. The calculated rise time and decay time from the transient current char-
acteristics at different incident power intensities were found to be 4.4 s and 5.1 s,
respectively. The I-V characterization curve of the 350 °C-annealed CdSe sample
affirms a good photocurrent response demonstrating that the heat treatment on the
electrodeposited CdSe films improves its photodetecting capability that can be
exploited for photodetector device applications.

Address correspondence to E-mail: gunavathy.kec@gmail.com

@ Springer

https:/ /doi.org/10.1007 /s10854-022-08062-7



Journal of Molecular Structure 1253 (2022) 132259

Journal of Molecular Structure

3 = . . Journal of
Contents lists available at ScienceDirect MOLECULAR

STRUCTURE

journal homepage: www.elsevier.com/locate/molstr

Structural, spectroscopic, quantum chemical, and molecular docking n
investigation of (E)-N’-(2,5-dimethoxybenzylidene)picolinohydrazide

Eswaran Kavitha?, Devarajan Ramarajan®, Aleksandra Raki¢¢, DuSan Dimic“*,
Shanmugam Sudha®*, Putta Narasimhan Nirmala?

2 Department of Physics, N.K.R. Govt Arts College for Women, Namakkal 637001, Tamil Nadu, India

b Department of Physics, Kongu Engineering College, Perundurai 638060, Tamil Nadu, India

¢ University of Belgrade, Faculty of Physical Chemistry, Studentski trg 12-16, Belgrade 11000, Serbia

d Department of Physics, Sri Meenakshi Govt Arts College for Women (A), Madurai 625002, Tamil Nadu, India

ARTICLE INFO

Article history:

Received 21 November 2021
Revised 14 December 2021
Accepted 20 December 2021
Available online 22 December 2021

Keywords:

XRD

Vibrational spectra
NMR

QTAIM

Z-scan

DBP

ABSTRACT

Schiff bases and hydrazides are groups of compounds with important biological activities. In this con-
tribution, (E)-N’-(2,5-dimethoxybenzylidene)picolinohydrazide (DBP) was synthesized and characterized
by X-ray crystallography, IR, Raman, UV-vis and NMR spectroscopies. The Hirshfeld surface analysis was
performed to investigate the interactions within the crystal package. The structure of DBP was optimized
by several functionals (B3LYP, CAM-B3LYP, B3PW91, M05-2X, and M06-2X) in conjunction with the 6-
311++G(d,p) basis set. The suitable level of theory was determined based on the comparison between
experimental and theoretical bond lengths and angles (M06-2X/6-311++G(d,p)). The Natural Bond Orbital
(NBO) and Quantum Theory of Atoms in Molecules (QTAIM) approaches were used for the quantification
of the interaction strengths within a structure. The experimental IR and Raman peaks were assigned
based on the calculated one, with the aid of the Potential Energy Distribution (PED) analysis. The 'H and
13C NMR signals were also assigned when compared to the calculated ones. The reproducibility of the
experimental results proved that a suitable level of theory was obtained. The experimental UV-vis spec-
tra consisted of a wide peak between 200 and 450 nm, while the most prominent theoretical transitions
were located at 324, 231, and 213 nm. The nonlinear optical (NLO) studies Z-scan experiment allowed
the determination of the nonlinear absorption coefficient and nonlinear refractive index, thus proving
that DBP can be used as NLO material. Various reactivity descriptors of DBP and its analogs were com-
puted and the reactivity was checked towards Cyclin-Dependent Kinase 2 protein, with the influence of
structural parameters explained.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

exact action mechanisms of these Schiff bases are unknown. The
Schiff base molecular structure has been shown to impact the bi-

Schiff bases have received much interest in different fields be-
cause of their unique properties such as thermal stability, prepar-
ative accessibility, biological activities, structural diversity, varied
coordination capacity, and catalytic properties [1,2].

Schiff bases are ketone or aldehyde-like compounds with an
azomethine (-C=N-) group replacing the carbonyl group. Schiff
bases have a wide variety of uses, such as catalysts [3], stabilizers,
dyes [4], and organic synthesis intermediates. Furthermore, Schiff
bases have a variety of biological functions, involving antiprolif-
erative [5], antioxidant [6], antifungal, antiviral, antibacterial, anti-
inflammatory, antimalarial [7], and antipyretic effects, though the

* Corresponding authors.
E-mail addresses: ddimic@ffh.bg.ac.rs (D. Dimi¢), physicist.sudha@gmail.com (S.
Sudha).
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0022-2860/© 2021 Elsevier B.V. All rights reserved.

ological activities and therefore, the structural analysis of Schiff
base compounds can shed light on the structure-bioactivity rela-
tionships [8].

Hydrazides became very attractive to both theoreticians and ex-
perimentalists because of their biological importance especially in
enzyme and medicinal chemistry [9-11]. Moreover, the molecu-
lar structure of hydrazides, which includes multifunctional groups
such as an amine, amide, and long alkyl chain, results in a chemi-
cally reactive molecule that may promote numerous organic syn-
thesis reactions [9]. The scientific community has continued fo-
cusing on the preparation and production of novel derivatives to
achieve greater biological applications for these kinds of molecules
[12].
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ABSTRACT

New biocompatible biopolymer membranes have been synthesized from naturally
occurring bacterial polysaccharide Dextran, which is efficacious versatile polymer

known for medicinal applications. In the present study, biodegradable solid polymer

electrolytes based on Dextran:Poly vinyl alcohol (PVA) with different composition of

ammonium nitrate (NH4NO3) are prepared by solution casting technique with double
https://www.tandfonline.com/doi/full/10.1080/15435075.2021.1946811 1/6
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Abstract

The current work investigates the influence of the substrate temperature on the photodetection
capability of cadmium selenide (CdSe) thin films deposited through economically viable thermal
evaporation technique on glass substrates. The substrate temperature varied from room temperature
(30°Ct0 250 °C). The existence of a single-phase of hexagonal structured CdSe was established from
XRD patterns with dominant peaks along the (002) plane in all the samples. The SEM micrographs
show the homogeneous surface of the films without any pinholes. The bandgap of the films was found
to vary with the variation in the substrate temperature and the sample fabricated at 200 °C substrate
temperature showed a bandgap of 2.00 eV. The light-dependent electrical analysis is also made to
reveal the photodetection capability of the deposited CdSe films. The 200°C deposited CdSe film
exhibits a higher responsivity of 8.07 x 10~> AW ™' and a maximum detectivity of 6.66 x 10’ Jones.
The external quantum efficiency (EQE) was found to rise with the substrate temperature and a
maximum value of 18.8% for the 200 °C deposited sample. The observed rise and decay times show a

rapid response when the incident light intensity is changed from 1 to 5 mW cm 2.

1. Introduction

Research on metal chalcogenide thin films has increased enormously in the last decade due to their heavy
demand in the optoelectronic industries as laser diodes, light emitting diodes [1], and photodetectors [2]. Apart
from optoelectronic industries, the narrow bandgap semiconductors such as CdSe and CdS found their
applications in the field of photonics as well as nanoelectronics owing to the enhancement in their electrical
properties at the nanoscale. In particular, the CdSe thin films were under rigorous research to improve their
inherent properties to find their application in devices such as solar cells [3], photoelectrochemical cells [4], thin
film transistors [5, 6], radiation detectors, sensors [7, 8], bio labeling probes [9], photoconductors [10] and
acoustic optical devices [11].

CdSe is an n-type semiconductor that belongs to group II-VI materials and has a direct bandgap. It is found
to exist in Wurtzite (hexagonal), Zinc blende (cubic), or in a mixed hexagonal cubic structure. The bandgap
varies according to its structure defining its field of application. It has a larger bandgap of 1.80 eV in the wurtzite

© 2022 10P Publishing Ltd
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Abstract

The current research explores the outcome of europium doping on the structure, morphology, electrical conductivity and
optoelectronic characteristics of SnS, thin films deposited on glass substrates by nebulizer spray technique. X-ray diffraction
analysis substantiates the presence of hexagonal structure in both pure and Eu-doped SnS, thin films with the highly preferred
orientation diffracted from the plane (002). It shows the intensity of the predominant peak is highest for 2% Eu-doped SnS,
thin film. From the XRD data, the crystallite size was found to be highest for 2% SnS,:Eu, and same sample showed a less
dislocation density of 0.97 x 10" lines/m? and microstrain of 0.081x 10~/lines> m*. The crystallite size first increases with
increasing doping concentration of Eu (0-2%), then decreases for higher concentrations. The SEM and AFM micro images
reveal the agglomeration of grains at higher Eu concentration. The compositional analysis through EDAX studies supports
the presence of Eu, Sn and S. The SnS, optical band gap value is found to vary from 2.70 to 2.91 eV as the Eu doping is
increased from 2 to 6%. All the SnS, thin film samples manifest a n-type conductivity as authenticated from Hall studies
and a low resistivity of 4.34 x 10~ cm with an elevated carrier concentration of 5.43x 10'7 cm™, respectively, was observed
for SnS,:Eu (2 wt%). The same sample established a higher responsivity (41.64 x 1073 AW, competent external quantum
efficiency (97.24%), and a better detectivity (40.88 x 108 Jones). Hence, the 2% Eu-doped SnS, film is recognized to be best
suited for the fabrication of high-speed optoelectronic devices. This paper also discusses a putative mechanism for photo-
detector performance under air and UV radiation.

Keywords Europium-doped SnS, - Optical studies - Hall-effect measurement - Photosensitivity

1 Introduction

Metal-based semi-conducting chalcogenide thin films have
showed considerable promise in the production of opto-
electronic devices, solar cells, thermoelectric, and sensor
applications in recent years [1-4]. The physical, chemical,
and optoelectronic features of sandwiched metal-based chal-
cogenide-related materials have been best revealed lately,
including excellent transparency, carrier mobility, superior
pliability, and high specific surface area. Layered semi-
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conducting transition-metal dichalcogenides such as WS,,
MoS,, SnS,, and WSe, materials have been reported to have
exceptional optical and electrical properties, making them
ideal for photo sensing applications [5-8].

SnS, is a significant optical semiconductor that can be
tuned to exhibit either n-type orp-type conductivity based
on the dominance of either tin or sulfur molar concentrations
[9]. Depending on the bonding properties of tin with sulfur,
the sulfide exists in a number of phases, such as SnS, SnS,,
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This study introduces the C,,,, average assignments and investigates its properties using various ladder graphs. The ladder graphs
can be found in every communication networks. Ladder networks are increasingly being used in everyday life for monitoring and
environmental applications such as domestic, military, surveillance, industrial, medical applications, and traffic management.
These datasets are afflicted by the average representation of the graph structure. It aids in the visualisation and comprehension of

data analysis. The C

exp

labeling is used in sensor networks, adhoc networks, and other applications. It also efficiently creates a

communication network after using noise reduction methods to remove salt and pepper noise.

1. Introduction

A graph labeling is the assignment of labels, conventionally
indicated by integers, to edges and/or vertices of a graph in the
mathematical domain of graph theory. The concept of labeling
may be applied to many areas of graph theory, for example, in
automata theory and formal language theory. We use [1-5] for
notations and nomenclature. We recommend [6] for a thor-
ough examination of graph labeling. Let P, be a path on n
nodes denoted by u, ,, where 1<y <n, and with n—1 lines
denoted by e, 5, where 1 <8 <n — 1, where e, is the line joining
the vertices u; , and u; .. On each edge e;;, erect a ladder with
n—(u—1) steps including the edge ¢, for
u=1,2,3,...,n—1. The resulting graph is called the one-
sided step graph, and it is denoted by ST,.. Let G, and G, be any
two graphs with p, and p, vertices, respectively. Then, G, x G,
is the Cartesian product of two graphs. A ladder graph L, is the
graph P, x P,. The graph G°S,, is obtained from G by

attaching m pendant vertices to each vertex of G. The triangular
ladder TL,, for n>2, is a graph obtained from two paths by
U, Uy, ...u, and v;,v,,...v, by adding the edges
uv,, 1<p<nand u,v,,,, 1<p<n-1. The slanting ladder
SL, is a graph obtained from two paths u;,u,,...u, and
V1> V), ... v, by joining each v,, with u,,,,1<p<n-—1. The
graph D7 having the vertices {amz 1<u<n,d=1,2,3, 4} and
its edge set is fa%lawl)pawawhsz l<u<n-1;U{a,a
A2y 3> Ay Ay Gy syt 1<p<nl.

2>

2. Literature Survey

In [7], the authors talked about the F-root square mean labeling
for line graph of the path, cycle, star, P,°S,,P,°S,,
[P,;$;],S(P,°S,), ladder, slanting ladder, the crown graph
C,°S,, and the arbitrary subdivision of S;. The authors in [8]
discussed (1,1,0) F-face mean labeling some planar graphs
and, in [9], face labelings of type (1, 1, 1) for generalized prism.
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The physical phenomena of convective flow of Cross fluid containing carboxymethyl cellulose water over a stretching sheet with
convective heating were studied. Cross nanofluid containing Al,O;, Cu nanoparticles, and based fluid of CMC water is used.
Entropy generation minimization is examined in the current analysis. The system of PDEs is altered into a set of ODEs
through suitable conversion. Further, these equations are computed numerically through the MATLAB BVP4c technique. The
behavior of governing parameters on the velocity, temperature, entropy generation, and Bejan number is plotted and reported
via graphs. It is found that the larger value of unsteady variable reduced the velocity, thermal layer, and entropy production.
Surface drag frication of the Al,O; and Cu and Al,O; + Cu is enhanced with the more presence of unsteady parameter.
Comparison of current results in a limiting case is obtained with earlier analysis and found an optimum agreement.

1. Introduction

Carboxylmethyl cellulose (CMC) is a water-soluble cellulose
derivative [1], and it has many flow properties due to its
greater stability and high viscosity. The stability of nanopar-
ticles in CMC escalates the fluid behavior. It is engaged to
increase lubricating effects such as polymeric structures [2,
3]. These multifunction aspects of various cellulose deriva-
tives have many industrial and technical applications. To
recognize the fluid flow with CMC study, research have been
studied [4-6]. Saqib et al. [7] described the natural convec-
tive flow of CMC with carbon nanotube using a fractional
derivative approach. The effect of slip velocity and non-
Newtonian nanofluid contained with 0.5% wt CMC water
was discussed by Rahmati et al. [8]. Akinpelu et al. [9]

explored the thermophysical metal properties in CMC.
MHD flow of Casson nanofluid under heat transfer in CMC
over a solid sphere was developed by Alwawi et al. [10].
Nanotechnology has been progressively more fascinated
by the researchers because of their efficiency in several
industrial processes such as microelectronic, oil emulsion,
and molecular emulsion. Nanotechnology has the ability in
suspending nanoscale particles (1<100nm)in ordinary
fluids, like ethylene glycol, oil, and water. The origin of
nanotechnology was initiated by Choi and Eastman [11] in
1995. After, Buongiorno [12] developed a mathematical
model of heat transfer with the addition of Brownian motion
and thermophoresis effects. Tiwari and Das [13] investigated
to examine the solid volume fraction in nanofluids. Devi and
Devi [14] reported the numerical simulation of hybrid
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Abstract

In this work, we examine the modulation instability (MI) in a three-core oppositely
directed saturated coupler with a negative refractive material channel. Further, the MI is
deliberately studied with a non-Kerr nonlinear effect using septic nonlinearity. Using a
standard linear stability method, we solved the modified nonlinear Schrodinger equation
and obtained the MI gain spectrum with analytical results. It clearly shows that the for-
ward to backward propagating wave power, nonlinear saturation, pump power, and optical
nonlinearity play a vital role in the MI of a three-core nonlinear directional coupler. The
septic nonlinearity plays a major role in both two and three-core couplers with the negative
indexed material channel. The septic nonlinearity can suppress the MI gain and bandwidth
in a normal dispersion regime alone in the two-core coupler. In the anomalous dispersion
regime, the generation of MI is utterly different from the normal dispersion case since
the septic nonlinearity can increase the gain and the bandwidth of the MI spectrum. In a
three-core coupler, the nonlinear septic effect suppresses the MI gain and width in a normal
(anomalous) dispersion regime in contrast to the two cores oppositely directed saturated
coupler. Normally, the saturable nonlinearity simultaneously suppresses the MI gain and
bandwidth in both normal and anomalous dispersion regimes. Hence, it can significantly
change the instability region in the presence of septic nonlinearity. Thus, we present a new
path to manipulate and generate the MI and solitons or solitary waves in three-core nonlin-
ear directional couplers with NIM channel and septic nonlinearity.

Keywords Nonlinear saturation - Modulational instability (MI) - Oppositely directional
coupler (ODC) - Negative-index material (NIM) - Septic nonlinearity
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