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Electronic Band Structure, Density of States and
Metallization of Alkali lodides

A. Jafrin Ashima, X. Malkija Romel, R. S. Nanthini and C. Nirmala Louis*
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Affiliated to Manonmaniam Sundaranar University, Tirunelveli - 627012
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ABSTRACT
The pressure dependent band structures, density of states and total energies of alkali
iodides are calculated and used the result to study the metallization under pressure. The
metallization pressure for Nal, Rbl, Csl were 13.37 Mbar, 12.62 Mbar, 8.5106 Mbar. The
relation between lattice constant and pressure, pressure and band gap, reduced volume and
lattice constant, reduced volume and pressure, band structure and density of states were
drawn.

Keywords: Alkali lodides, Band Structure, Metallization Pressure.

1. Introduction

Currently there is a lot of interest in the high-pressure behaviour of materials. The
physical properties of materials undergo a variety of changes when they are subjected to high
pressure. The increase of pressure means significant decrease in volume, which results in the
change of electronic states and crystal structure. With the development of high-pressure
experimental techniques, investigations on pressure—induced structural phase transition,
semiconductor- metal transition and super conducting transition are getting the attention of all
[1,2]. For example, the ionic salt Csl is a metal under high pressure. [3,4,5] In the present
paper, we give more extensive discussion about the band structure and density of states. The
metallization is investigated and analyzed.
2.Band Structure and Density of States
2.1 At Normal Pressure

The normal pressure band structure of alkali iodides is given in Fig.1, 2, 3. The
overall topology of the band structure at VV/Vo=1 is same for previous calculation.

In Nal, the three bands appearing just below the Fermi energy Er are from Na-3s! and I-
5s2, 5p5 electrons of Nal (Fig. 1). The empty conduction bands above the Fermi level are due
to 3p°, 3d° states of Na and 5d°, 6s°, 6p° states of I (Fig.1). At normal condition, the band gap
Eg is found to be 0.2480Ry (3.373 eV) for Nal. The general features of band structures are


mailto:nirmalalouis@holycrossngl.edu.in
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similar to previous calculations. From our calculation, Nal is a direct band gap insulator at

norn1a|pressure.

The density of states histogram of Nal at normal pressure is given in Fig. 4. From the
histogram, it is seen that at normal pressure the short spikes near Er are due to Na-3s1, 1-5p5
electrons (Fig. 4). The short spikes above the Er are due to the 3p°, 3d®and 5d°, 6s°, 6p° states
of Nal. At normal density of states histogram, the band gap Eg is found to be 0.2480 Ry
(3.373 eV) for Nal. This value is agreement with the experimental value of 3.36 eV. The

Cross Res.: December 2023

general features of density of states are similar to previous calculations.

The band structure and density of states for Rbl, Csl occur in the same manner at normal

pressure.

Fig.1: Band Structure of Nal at V/V 0=1

Fig.3: Band Structure of Csl at V/V 0=1
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Fig.4: DOS of Nal at V/V o=1
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2.2 At High Pressure

When pressure increases, the value of Er and density of states at Er increases. The band
structure and density of states ofNal (for CsCl structure) Rbl (for CsCl structure), and Csl
(for HCP structure) corresponds to metallization pressure =13.3726 Mbar, 12.62 Mbar,
8.5106 Mbar respectively are given in Fig 7, 8, 9. Fermi level is indicted by dotted horizontal
line.

In case of Nal the triplet bands which are positioned at the bottom of valence band arise
3s1 electrons of Na (Fig. 7). A single band nearer to the triplet bands is due to 1-5s2 electrons.

The three bands appearing just below the Fermi energy EF and touching Fermi energy
EF are from Na-3s1 and 1-5p5 electrons of Nal. The unfilled conduction bands above the
Fermi level are due to 3p0, 3d0 states of Na and 5d0, 6s0, 6p0 states of I.Density of state
calculations for all the reduced volumes have been carried out, but the histograms are given
only for, V/Vo = 0.2282 in case of Nal (Fig.10), V/Vo = 0.2004 in the case of Rbl (Figs.11),
and V/Vo =0.247 in case of Csl (Fig.12).

For Nal the levels arising from Na-3s1 (Fig. 10) electrons give a longest spike with fine
width. The extended spike near the origin is due to I-5p5 electrons and the dumpy spikes near
Er are due to Na-3s1, 1-5p5 electrons. The petite spikes above the EF are due to the3p0, 3d0
and 5d0, 6s0, 6p0 states of Nal.

The band structure and density of states for Rbl, Csl occur in the same manner at

metallization pressure.
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Fig.11: DOS of Rbl at Metallization Fig.12: DOS of Csl at Metallization
3.Results and Discussion

3.1 Ground State and its Properties
The ground state properties of Nal, Rbl and Csl are studied using the total energies
obtained in our calculation. The total energy is calculated as a function of reduced volume.
Here Vo is the experimental equilibrium volume corresponding to the experimental
equilibrium lattice constant 12.212 a.u for Nal, ap = 13.8790 a.u. for Rbl and 8.6327 a.u for
Csl [4]. The calculated total energies were fitted to Murnaghan’s equation of states,
P=15B0[(V0/V)7/3-(V0/V)5/3] [1+0.75 (B0’ - 4) (VO / V) 2/3 - 1)] (Mbar)
The graph plotting pressure vs various reduced volumes are given in Fig.14 for Csl.
The equilibrium lattice constant (ao), band gap (Eg), bulk modulus (Bo) and its pressure
derivative (Bo”) values for Nal, RbI and Csl are tabulated in Table 2. The graph plotting
lattice constant vs various reduced volumes are given in Fig.13 forCsl. The graph shows that
increase in reduced volume also increases lattice constant. The Reduced volume, Lattice
constant, Pressure and Energy gap values of Nal, Rbl and Csl are tabulated in Table 1. In
certain pressure band gap becomes zero. This denotes metallization inCsl (Fig.15). Lattice
constant is calculated using formula,
a = ao(Vo/V)*3
The energy gap is calculated using the formula,
Eg(P) = Eg (0) - (k*P)
Similarly, these graphs can be plotted for Rbl and Nal.

Pressure Eg Lattice
VIVO Constant
(Mbar) | (eV) (a.u)
1 0 5.807 13.879
0.9 0.0143 | 5.8004 134
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0.8 0.0417 |5.7878 | 12.88
0.7 0.0959 |5.7613 | 12.32
0.6 0.2084 |5.7113 | 11.706
0.5 0.457 |5.5967 | 11.016
0.4 1.103 |5.2996 | 10.226
0.3 3.148 | 4.3589 9.29
0.2004 | 12.62 0.001 8.126

values of Nal, Rbl, Csl

Ground State
Properties Nal Rbl Csl
ao, a.u. 12.212 13.879 8.6327
Bo 0.151 0.103 0.1140
Bo’ 5.59 5.334 5.85
Eqg 5.89 5.807 4.00

Vol. 14 No. 2

Table.1. Reduced volume, Pressure, Band gap and Lattice constant

Table.2. Ground state properties
3.2 Metallization

At normal pressure, alkali halides are wide gap insulators. As pressure is increased,
there is a charge transfer from s, p to d state, this causes the increase in the width of the
valence band and also the empty conduction bands. These changes lead to the narrowing of
the band gap and at particular pressure, there is a closing of band gap [2].

In Nal, metallization takes place by the indirect closure (Fig. 7) of band gap between
valence band maximum at I point and conduction band minimum at the H point. The
metallization volume of Nal is V/V¢=0.2282which corresponds to the pressure Pm =13.3726
Mbar. The metallization occurs because of the closure of band gap between 1-5p- like valence
band and Na-3s- like conduction band (Fig.7).

In Rbl, the direct closure of the band gap (Fig.8) takes place at the reduced volume of
VIVo = 12.62 Mbar.The
metallization occurs because of the closure of the band gap between the I-5p-like valence
band and the Rb-4d-like conduction band (Fig.8).

0.2004, the corresponding metallization pressure is Pu =
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In Csl the metallization occurs because of the closure of the band gap between I-5p-like
valence band and Cs-5d-like conduction band. In this case, metallization occurs via closing of
the direct band gap at T - point. The metallization pressure of 8.5106 Mbar is obtained
corresponding to a volume of (V/Vo)m = 0.247.

In all the cases above, there is a s, p to d transition of electrons leading to an increase in
d-electron numbers. Thus, this increase in the d-electron number leads to a metallization in
alkali iodides. The increase of pressure causes the broadening of bands which results in the
decrease of density of states value in most of the energy regions of DOS histograms. Thus,
the heights of the spikes are considerably reduced. In the DOS histograms, we can clearly see

that there is appreciable value of N(Er) at (\V/Vo)m which indicates the metallization [5].

Alkali Todid Metallization
ali lodides
P (VIV) u
(Mbar)
Nal 13.3726 0.2282
Rbl 12.62 0.2004
Csl 8.5106 0.247

Table. 3: Metallization Pressure and the corresponding reduced volume
Conclusion
The electronic band structure, density of states and metallization of the alkali iodides
Nal, Rbl, Csl are investigated. This compound becomes metal under high pressure. When the
pressure is increased there is enhanced overlapping between the wave functions of the
neighbouring atoms. As a result, the widths of the valence and empty conduction bands
increase. These changes lead to the narrowing and closing of band gaps (Metallization). The
metallization pressures of Nal, Rbl, Csl are13.3726 Mbar, 12.62 Mbar, 8.5106 Mbar and the
corresponding metallization reduced volumes are 0.22, 0.2004, 0.247 respectively.
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Synthesis and Characterization of Tin Oxide (SnO:) Nanoparticles
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*Corresponding Author - Email: shallyregin@gmail.com

ABSTRACT
The present study illustrates the characteristics and coprecipitation method for
synthesis of Tin oxide nanoparticles. The tin oxide nanoparticles were produced by tin
chloride and Cadmium as a dopant. Structure, size and surface morphology of the tin oxide
was studied by X-ray diffraction (XRD), UV Spectroscopy, Morphological studies, EDAX.
The crystalline size can be determined by Scherrer’s formula is about 41.26 nm.

Keywords: Coprecipitation method, Morphological, FESEM.

1. Introduction

Nanostructured metal oxides and semiconductor materials have attracted much
attention owing to their good mechanical magnetically, optical, electrical and physical
properties. Among these Nanostructured metal oxides, stannous oxide (SnO,) is an important
p-type semiconductor material, with wide a wide band gap of Eg=2.7&3.2eV. Tin belongs to
Block P, Period 5 and oxygen belongs to the Block P, Period 2 in the periodic table [1]. Tin
(IV) oxide, also known as stannic oxide, is the inorganic compound with the formula SnO..
The mineral form of SnO- is called cassiterite, and this is the main ore of tin. Tin (IV) oxide
crystallises with the rutile structure. As such the tin atoms are six coordinate and the oxygen
atoms three coordinate [2]. Tin oxide is a versatile metal oxide because of its two
characteristics; variable valence state and existence of oxygen vacancy defect.

Therefore, tin oxide has potentially wide application in catalysis, electrocatalysis,
solar energy conversion, antistatic coatings, transparent conductive electrodes, and
electrochromic devices [3]. Hydrous forms of SnOzhave been described as stannic acid. Such
materials appear to be hydrated particles of SnO2 where the composition reflects the particle
size. Tin (IV) oxide occurs naturally. Synthetictin (IVV) oxide is produced by burning tin metal
in air. Annual production is in the range of 10 kilotons [4]. Nanostructured materials have
attracted great interest in both fundamental as well as applied research areas due to their

outstanding physical and chemical properties and also promising applications in nanodevices

[5].
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2. Experimental setup

1M Tin chloride was dissolved in 50ml distilled water and stirred for half an hour
thoroughly using stirrer. Similar way 0.01 CTAB was dissolved in 50ml of distilled water and
stirrer half an hour. On the other hand, 2M NaOH was dissolved in 50ml distilled water
stirrer half an hour and heat the solution up to 70°C. Then add the CTAB solution dropwise in
tin chloride solution. Now add the above solution drop wise in NaOH solution. Precipitate
was washed 5 times to remove impurity and washed 1 time with ethanol to remove unwanted
residues. The solution was heated for 100°C in hot air oven until the water evaporates. The
dried sample calcinated at 600°C in muffle furnace. Then the dried sample is finely powdered
using agate motor.

3. Results and discussion:
3.1. Powder X-Ray Diffraction (PXRD)

Powder X-Ray Diffraction (PXRD) is usually performed for confirming the nature of
the particles that are developed. The structural analysis was carried out by recording the
powder X-ray diffraction (PXRD) spectrum at room temperature using X-ray diffractometer
recorded in the 20 range of 100 to 700 using Cu-Ka radiation (A=1.54060 A). The average

grain size of SnO2 nanoparticles can be calculated using Debye Scherrer’s formula.
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Fig.1 XRD Pattern of Pure SnO, Nanoparticles
The XRD patterns of pure SnO> nanoparticles. The Bragg reflections at scattering
angles (2theta) of 26.330, 29.830, 33.270, 37.110, 51.780, 57.340, 62.460 and 69.920
corresponds to (110), (101), (200), (211), (002), (221) and (311) crystal plane respectively.
All the diffraction peaks of pure SnO> match well with the tetragonal wurtzite structure of
hexagonal phase with the JCPDS Card No:41-1445 and the lattice constants a=4.738 AO,
¢=3.187A° and cell volume V=71.55(A%3. The particle size for the pure SnO2 nanoparticleis

approximatively 41.26 m.
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3.2 UV Spectroscopy
The excitation absorbance of pure SnOz is about 270nm. The optical bandgap Eg of

the nanocrystals is calculated from the Tauc plot. The bandgap value of SnO2 nanoparticles is
found to be 2.8eV. The bandgap energy of the samples is measured by the extrapolation of
the linear portion of the graph between the modified kubelka-Munk function [F(R) hv] ~2
versus photon energy (hv). The bandgap estimated for this sample (2.8eV) is slightly lower
than that of bulk SnO..
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Fig.2 Absorption spectra of SnO; nanoparticles  Fig.3 Tauc plot for SnO; nanoparticles

3.3. FESEM
Morphology of pure SnO2 nanosheets
Typical FESEM Images of the SnO> nanostructures at four different magnifications

are shown fig. It is clear that for 2um magnification, the synthesized SnO, nanoparticles are
sheet like clusters which are formed in a large-scale area, highly dispersed in the space

without any aggregation and have approximately uniform morphologies.

Fig.4 FESEM images of pure SnO; nanoparticles with magnification

a) 2 um b) 1um ¢) 200 nm d) 100 nm
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3.4 EDAX spectra analysis of the SnO2 nanoparticles

Fig.5 EDAX Spectra of Pure Sno; nanopaarticles

Figure shows energy - dispersive x-ray spectroscopy (EDAX) of SnO2 nanoparticles.
The EDAX spectrum represents the chemical composition of elements present in prepared
sample. The results demonstrates that Sn and O appear in SnO> sample. It is evident that the
sample contains Cd, Sn, and O which confirms the purity of the sample without impurity
traces.

Conclusion
Tin oxide nanoparticles were prepared by Co- precipitation method. The structural
studies based on the X-ray diffraction and revealed that the synthesized nanomaterials are
pure SnO, with a Tetragonal phase. The morphological properties of the SnO, were
investigated by FESEM.
The PXRD suggested the crystalline sizes of SnO. nanoparticles are in the nano scale
range. PXRD spectrum shows tetragonal structure of SnO2 nanoparticles. The average grain
size for heated pure SnO; at 600°C was found to be around 51.34 nm. The optical band gap is
determined from the Tauc plot for pure 2.8eV. The surface morphology of the SnO:
nanoparticle is characterized by FESEM analysis and suggested different structures. EDAX
spectrum confirms the presence of elements Sn and O in pure SnO> nanoparticles.
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ABSTRACT

CuO-Mn203 and CuO-Fe>O3 nanocomposites were prepared by hydrothermal method.
The PXRD studies of CuO-Mn20O3 nanocomposites revealed that both CuO and MnyOs
possessed monoclinic structure. The CuO nanocomposites showed strong absorption peaks in
the UV region. The PL spectra exhibited blue and green emission band. The PL emission
peaks were due to transitions originating from the recombination of shallowly trapped
electron-hole pairs and/or excitons. The UV-Vis spectra of CuO-Mn;03z and CuO-Fe20s
nanocomposites showed absorption peaks at 290 nm and 285 nm which can be attributed to
the LMCT (ligand-to-metal charge-transfer) transitions (direct transitions) with combined
contributions from the Fe3* ligand field transitions related to the morphology of the as-
synthesized nanocomposites.

Keywords: Hydrothermal, Monoclinic, Photoluminescence, UV-Vis absorbance

1. Introduction

The development of a specific class of nanomaterials is crucial for the advancement
of various unique functional and smart materials. Nanocomposites are materials composed of
a matrix and nanoscale filler materials. The addition of nanoscale fillers such as nanoparticles
or nanotubes can enhance the mechanical, thermal and electrical properties of the composite
material [1-3]. CuO based nanocomposites exhibit exceptional chemical and physical
properties that are very different from those of their micro or bulk counterparts. The attractive
physical and chemical properties in transition metal oxide (TMO) nanomaterials can be
attributed to their high specific surface area, higher surface energy and quantum confinement.
These nanostructures have found application in various industrial scenarios, showcasing their
versatile capabilities [4-5]. They may also have size effects and a high surface-to-volume
ratio [6]. CuO-Mn20O3 and CuO-Fe>Os nanocomposites are the ideal building blocks for
composite assemblies with a range of components to increase their various biological and
photocatalytic uses due to their attractive structural properties. Consequently, the most
popular technique for producing effective nanocomposites is the binary design, which

involves combining inorganic nanostructures with CuO nanoparticles [7].
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2. Experiments and Methods

In this studyhydrothermal assisted co-precipitation method is used to prepare CuO
nanoparticles and composites of copper oxide namely CuO-Mn203, CuO-Fe;03
nanocomposites. The high quality analytical graded material used for preparing the
nanomaterials consist of copper sulphate, manganese oxide, ferric chloride, double distilled
water and sodium hydroxide.
2.1 Experimental method to synthesize CuO-Mn203 and CuO-Fe203 nanocomposites

Initially, copper sulphate and manganese oxide precursors for preparing CuO-Mn.O3
nanocomposites and copper sulphate with Ferric chloride for preparing CuO-Fe;O3
nanocomposites were dissolved completely in double distilled water (100mL) at room
temperature. Under continuous stirring, the as-prepared NaOH solution (1.6 M) was added
drop by drop to the above solutions. Then, the mixture was transferred to a Teflon-lined
stainless-steel autoclave and kept under hydrothermal conditions (150 °C, 16 hours). After
the completion of the reaction time, the dark brown and black slurry was brought to ambient
temperature. The precipitates were washed 5 times using double distilled water and finally 2
times using ethanol and double distilled water and dried at 100 °C. The products were finally
calcined at 500°C for 2 hours. The obtained CuO-Mn,03 and CuO-Fe,03 nanocomposites
samples were black and brown in colours respectively.
3. Results and Discussion
3.1 PXRD Analysis

The structural characterization of copper oxide-based nanocomposites was carried out
by recording the powder X-ray diffraction (PXRD) spectrum using X-ray diffractometer with
Cu-K, as the radiation source (wavelength: 1.54056 A) over the 20 range of 10° to 80°. The
average grain size is calculated using the Scherrer formula

D=0.9A/BcosH

where Aisthe wavelength of the Cu-K, radiation [1.54060 A], B is the full width half
maximum of the diffraction line and 0 is the angle of diffraction. Fig.1 shows the PXRD
pattern of the synthesized CuO/ Mn.O3z nanocomposites. The peaks of Mn,Oz are observed at
(310), (202), (112), (221) and (511) corresponding to 26 = 31.70°, 26 = 37.38° and 20 =
40.74°, 20 = 57.36° and 20 = 59.53° respectively and the peaks of CuO are observed at
(111), (020), (022) and (310) corresponding to 26 = 35.61°, 20 = 52.19°, 20 = 56.14°, 20 =
64.80° and 20 = 66.62° respectively. The Mn203 peak corresponding to (202) is of high
relative intensity. The average grain size D is 42nm. The PXRD peaks of CuO-Mn;03
nanocomposites perfectly matched with that of the JCPDS File No. 89-7047 and JCPDS File
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No0.39-1218. From this data, the PXRD studies of CuO-Mn203 nanocomposites revealed that
CuO and Mn.O3z possessed monoclinic structure.

Fig.2 shows the PXRD pattern of the CuO-Fe,O3 nanocomposites. The peaks of Fe203
are observed at (013), (131), (123), (114) and (234) corresponding to 20 = 30.48°, 20 =
36.04°, 20 = 39.26° 20 = 43.70°, 20 =62.44°, respectively. The peaks of CuO are observed at
(202), (202) and (311) corresponding to 26 = 48.97°, 26 = 58.07°, and 20 = 66.57°
respectively. The FeoOz peak corresponding to (131) is of high relative intensity. The average
grain size D is 20 nm. The PXRD peaks of CuO-Fe203 nanocomposites perfectly matched
with that of the JCPDS File No. 89 - 2530 and JCPDS File No. 89 - 7047. From this data, the
PXRD studies of CuO-Fe,O3 nanocomposites revealed that CuO and Fe>Oz possessed

monoclinic and orthorhombic structures respectively.
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Fig.1 PXRD pattern of CuO - Mn;O3 Fig.2 PXRD pattern of CuO - Fe;0;
nanocomposites nanocomposites

3.2 Photoluminescence (PL) Spectroscopy

Fig.3 shows the PL emission spectra of CuO-Mn2Os with almost prominent peak at
360 nm and smaller peaks at observed at 375 nm, 410 nm, 436 nm, 460 nm, 494 nm, 505 nm,
521 nm, 536 nm, 546 nm, 573 nm and 584 nm. Fig.4 shows the PL emission spectra of
CuO/Fe203 exhibiting the most prominent peak at 360 nm and smaller peaks are observed at
377 nm, 410 nm, 438 nm, 461 nm, 494 nm, 505 nm, 522 nm, 537 nm, and 573 nmdue to the
presence of singly ionized oxygen vacancies [8]. The photolumine scence spectrum revealed
blue and green emission bands in both nanocomposites.
3.3 UV-Vis Spectroscopy

The optical absorbance spectra of CuO-Mn;03 and CuO-Fe;O3 nanocomposites are
shown in Fig.5 and Fig.6 respectively. The absorbance spectra of CuO-Mn.Os
nanocomposites exhibited a maximum peak at 290 nm with absorbance 0.65 (arbitrary units).
The absorbance spectra of CuO-Fe>Os nanocomposites exhibited a maximum peak at 285 nm

with absorbance 1.0 (arbitrary units) which can be attributed to the LMCT (ligand-to-metal
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charge-transfer) transitions (direct transitions) with combined contributions from the Fe®*
ligand field transitions 6A1(®S) to “T1(*P) at 290 nm - 310 nm. Such absorption is related to
the morphology of the nanomaterials [9]. The UV peaks in the blue region in both the CuO-
Mn2Oz and CuO-Fe,O3 nanocomposites confirm the nanosize of the

nanocomposites.
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Conclusion

In this present work, the CuO-Mn.0Oz and CuO-Fe>O3 nanocomposites were prepared
by hydrothermal method. The PXRD studies of CuO-Mn,0z and CuO-Fe,O3 nanocomposites
revealed that CuO possessed monoclinic structure and Mn2Os.Fe>O3 possessed monoclinic
and orthorhombic structure respectively. The PL spectra exhibited blue and green emission
band. The CuO nanocomposites have strong absorption peaks in the UV regionwhich can be
attributed to the LMCT (ligand-to-metal charge-transfer) transitions (direct transitions) with
combined contributions from the Fe** ligand field transitions. The CuO-Mn,03 and CuO-

Fe203 nanocomposites have been successfully used to shift the material’s bandgap and can be

used for optoelectronic applications.
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ABSTRACT

In the present work, co-precipitation method was used to generate the ZnO-Mn,O;
and ZnO-MgO nanocomposites. The structure of the ZnO-Mn,O; and ZnO-MgO
nanocomposites was revealed by PXRD. It is confirmed that the synthesized pure ZnO and
Mn20Os3 exhibited cubic and hexagonal structure respectively in ZnO-Mn2O3 nanocomposites.
The synthesized ZnO-MgO nanocomposites exhibited cubic structure. According to the PL
technique, the visible region's blue and green shift emission was represented by the peaks
that form between 360 and 573 nm. The optical characteristics of the composites were
investigated using UV-Vis-Spectroscopy. The broad absorption band that ranges towards
longer wavelength might be owing to the movement of the electronic cloud on the overall
skeleton of the ZnO based nanocomposites. The produced ZnO-Mn,OzandZnO-MgO
nanocomposites were appropriate materials for photocatalysis in environment remediation
applications.

Keywords: Nanocomposites, Metal oxide, PXRD, Absorption, Emission

1. Introduction

Nanocomposite is a multiphase solid material where one of the phases has one, two or
three dimensions of less than 100 nanometers (nm). They are materials that are heterogenous
or hybrid synthesized by incorporating nanosized particles obtained from standard material
with unique property combinations [1]. Zinc oxide (ZnO) based nanomaterials have been
extensively applied in several areas, such as adsorption, photocatalysis, food
preservation/antibacterial, photoluminescence, photoelectrocatalytic, and pollutant sensors.
This is due to their prominent electronic, thermal, and optical properties along with their
biocompatibility and reusability. ZnO catalyst is characterized by its high-binding exciting
energy (60 mV) and large-scale band gap (3.00-3.37eV) [2 - 4]. ZnO nanoparticles are used
as an active ingredient in paints, lotions, ointments, and mouthwashes. They are flexible
semiconductor photoconductive substances [5, 6].
2. Materials and Methods

Co-precipitation method is used to prepare ZnO-Mn,O3; and ZnO-MgO
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nanocomposites. The materials used for preparing the nanomaterials consist of analytical
graded zinc acetate, manganese acetate, magnesium acetate, double distilled water and
sodium hydroxide. For the synthesis of ZnO-MnO3 nanocomposites, zinc acetate (2.195 g) is
dissolved in 100 ml distilled water and manganese acetate (2.450 g) is dissolved in 100 ml
distilled water using a magnetic stirrer for 30 minutes. The resulting solutions are mixed
together with a magnetic stirrer for an additional 30 minutes. Subsequently, 6.4 g of sodium
hydroxide dissolved in 50 ml distilled water is added drop by drop to the mixture to maintain
a pH value of 10. The precipitate is washed five times with double-distilled water and finally
twice with ethanol. The sample is then dried in an oven at 100°C for 8 hours, powdered and
subjected to a calcination process in a muffle furnace at 400°C and 500°C for 2 hours,
resulting in the ZnO-Mn203 nanocomposite in black powdery form. Similar method is chosen
for the synthesis of ZnO-MgO nanocomposites,
3. Results and Discussion
3.1 PXRD analysis
The structural characterization of the ZnO-Mn;Os and ZnO-MgO nanocomposites
was investigated by recording the powder X-ray diffraction (PXRD) spectra using X-ray
diffractometer. The average grain size can be quantitatively found out using the Scherrer
formula where 1 is the wavelength of the Cu- ka radiation [1.54060 A], B is the full width
half maximum of the diffraction line and 6 is the angle of diffraction [6]. Fig.1 depicts the
PXRD pattern of the produced ZnO-Mn,O3 nanocomposites. The peaks of Mn:Os are
observed at (122), (222), (433), (061) and (262) corresponding to 20=29.97°, 26=32.16°,
20=57.13°, 26=59.63°, 20 = 65.17° respectively and the peaks of ZnO are observed at (100),
(111) and (220) corresponding to 20 =31.43°, 20 = 36.62° and 20 = 61.80° respectively
[ZnO (JCPDS File No: 36 - 1451) and Mn,0O3 (JCPDS File No: 89 - 4836)]. The MnO3 peak
associated with (111) has a high relative intensity. Using the Scherrer equation, the average
grain size D is estimated to be 23 nm. It is confirmed that the synthesized pure ZnO and
Mn2O3 nanoparticles exhibit cubic and hexagonal structure respectively. The PXRD pattern
of the produced ZnO-MgO nanocomposites is shown in Fig.2. MgO peaks are observed at
(200), (111), (111), and (220), corresponding t026=19.03°, 26=32.08°, 20=34.74°,
20=38.27°, 206=63.13°, and 20=58.77°, respectively and ZnO peaks are observed at (002),
(222), (102), (112), and (110) corresponding to 26=36.56°, 20=47.54°, 26=56.60° and 20
=58.74° respectively [ZnO (JCPDS FileNo: 89 - 0510) and MgO (JCPDS FileNo: 76 -
1363)].
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Fig.1 PXRD pattern of ZnO-Mn203 nanocomposites
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Fig.2 PXRD pattern of ZnO-MgO nanocomposites

The MgO peak associated with (111) has a high relative intensity. The synthesized
ZnO-MgO nanocomposites exhibited cubic structure and the average grain size D is
calculated as 29 nm.
3.2 Photoluminescence (PL) analysis

Photoluminescence (PL) studies for the synthesized ZnO-Mn;O3 and ZnO-MgO
nanocomposites were carried out using a photoluminescence spectrophotometer and the
emission spectra were recorded at a scan rate of 600 nm/min using the excitation wavelength
of 320 nm. The PL emission spectra of ZnO-MnOs nanocomposites are shown in Fig.3
showing a maximum peak at 361nm, and other peaks at 377 nm, 409 nm, 437 nm, 460 nm,
494 nm, 505 nm, 536 nm and 573 nm, each corresponding to a specific energy level occurring
due to the presence of singly ionized oxygen vacancies [7]. Fig.4 depicts the
photoluminescence (PL) emission spectra of ZnO-MgO nanocomposites, where distinct
peaks emerged at 360 nm, 388 nm, 410 nm, 437 nm, 460 nm, 493 nm, 506 nm, 521 nm and
572 nm, each corresponding to a specific energy level. The PL emission peaks in the blue and
green region in both the ZnO-MgO and ZnO-Mn203 nanocomposites showed the nanosize of

the as-synthesized nanocomposites [8, 9].
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3.3 UV-Visible analysis

The absorbance spectra of the produced ZnO-Mn.O3z nanocomposites are given in
Fig.5 with a maximum peak at 236 nm. The absorbance spectra of the produced ZnO-MgO
nanocomposites are depicted in Fig.6 with a maximum peak at 299 nm. The broad absorption
band that ranges towards longer wavelength might be owing to the movement of the

electronic cloud on the overall skeleton of the ZnO based nanocomposites [10].

Fig.3 PL emission spectra of ZnO-Mn20s3 Fig. 4 PL emission spectra of ZnO-MgO
nanocomposites nanocomposites
Conclusion

The development of advanced materials with modified heterojunctions is the current
necessity for environmental protection and nanomedicine applications. Co-precipitation
method is used to create ZnO-Mn,O; and ZnO-MgO nanocomposites. Using the PXRD
pattern analysis, the average approximate grain sizes of ZnO-Mn,O; and ZnO-MgO
nanocompositesare found to be 23 and 29 nm respectively. In the PL emission spectra, peaks
develop between 361 nm and 360 nm, representing blue and green shift emission in the
visible region. The optical absorbance properties of ZnO-Mn,O; and ZnO-MgO
nanocomposites show high absorption peaks in the UV range for waste water treatment
applications.
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ABSTRACT

Binary CdO-MgO and CdO-Fe>Os nanocomposites were synthesized using a cost-
effective co-precipitation method. For CdO-MgO, cubic CdO and rhombohedral MgO
structures were observed, while CdO-Fe>O3 exhibited cubic CdO and rhombohedral Fe;O3
structures. The absence of impurity peaks confirmed the formation of pure CdO-based
nanocomposites. Photoluminescence analysis revealed blue and green shift emissions (340—
560 nm), and UV-Visible spectroscopy showed strong absorption peaks in the UV region,
effectively modifying bandgap values through electronic transitions. Thus, CdO based
nanocomposites, recognized for their electronic and magnetic properties, hold promise for
electrocatalysis and photocatalytic applications.

Keywords:  Nanocomposites, CdO-MgO, CdO-Fe O3,  Co-precipitation  method,
Nanoparticles

1. Introduction

In recent years, significant attention has been drawn to metal oxide nanocomposites
due to their distinctive structural, electrical, mechanical, photocatalytic, adsorbent, thermal,
and optical characteristics [1, 2]. Photovoltaic equipment, UV sensors, gas detectors,
batteries and solar cells are just a few of the many fields where nanocomposites show great
potential [3 - 6]. Cadmium oxide (CdO) is an n-type semiconductor with a band gap of 2.5
eV. It has attracted a lot of attention due to its possible uses in solar cells and photodiodes,
among other domains [7, 8]. The combination of different metal oxides to form
nanocomposites has resulted in significant improvements in the properties of each individual
oxide. This advancement has opened up new avenues for groundbreaking research in areas
such as photocatalysis, optoelectronics, electrical applications, and biological applications
[9].
2. Experimental Procedure

The co-precipitation method is employed to synthesize CdO-MgO and CdO-Fe;03
nanocomposites. Analytical-grade chemicals, including Cadmium nitrate, Iron (I11) nitrate,

Magnesium nitrate, double distilled water and Sodium hydroxide are utilized. In a typical

24


mailto:priyadharshini@holycrossngl.edu.in

ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

synthesis, 0.1 M of each precursor salt with a mole ratio of 1:1:1 (Mg: Cd: Fe) was dissolved
in 100 ml of distilled water and magnetically stirred for 1 hour at room temperature. 1.6 M
NaOH solution was added drop-wise to the precursor solution with vigorous stirring until
reaching a pH of 10. The precipitates were formed instantaneously and subjected to
ultrasonication for 30 minutes (Powersonic 405). Then, the obtained precipitate was
thoroughly washed with double-distilled water followed by ethanol. The prepared sample was
dried in a hot air oven at 100°C. The sample was then calcined at two different temperatures,
400°C and 500°C, for 2 hours.

Characterization: PXRD analysis utilized CuK, radiation (A=1.5406 A) within a 20 range of
10°-80°, operated at 40kV and 30mA. Photoluminescence studies employed a Cary Eclipse
spectrophotometer, recording emission spectra were recorded at a scan rate of 600 nm/min
with an excitation wavelength of 320 nm using He-Cd laser at room temperature. UV-Vis
absorption spectra were obtained with a Hitachi U-2900 spectrophotometer in the 190 - 800
nm range after dispersing samples in absolute ethanol through ultrasonication.

3. Results and Discussion

3.1 PXRD analysis

The PXRD (Powder X-ray diffraction) patterns presented in Fig. 1 and Fig. 2 correspond to
CdO-MgO and CdO-Fe>0O3 nanocomposites, which underwent calcination at 400°C. The

average grain size was calculated using Scherrer’s formula [7].

_ 0912
Bcos6

where, D is the average crystallite size, K=0.9 (is a constant), A represents the
wavelength of the CuK, radiation (1.54060 A), B is the line broadening at full width half
maximum of the diffraction line and 0 is the angle of diffraction. In Fig.1, the PXRD pattern
of CdO-MgO nanocomposites with an average grain size (D) of 36.13084 nm is illustrated,
showing MgO peaks (JCPDS Card No.: 27-0759) at (202), (220), (312), (443) with 26 values
of 23.61°, 30.39°, 35.27°, 67.23°, and CdO peaks (JCPDS Card No.: 78-1125) at (111), (210),
(220), (221), (311), (222), (023), (410) with 26 values of 29.55° 37.88° 49.02°, 52.36°
56.14°, 61.29°, 64.69°, 74.56°. The MgO (312) peak exhibits high relative intensity.

Fig.1 PXRD pattern of CdO-MgO nanocomposites
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Fig.2 PXRD pattern of CdO-Fe,O; nanocomposites

In Fig.2, the PXRD pattern of CdO-Fe,O3 nanocomposites with an average grain size
(D) of 20.554389 nm is displayed, revealing Fe2O3 peaks (JCPDS File No. 89-0597) at (012),
(113), and (202) with 26 values of 23.82°, 40.42°, and 44.10°. CdO peaks (JCPDS Card No.:
78 - 1125) at (111), (210), (221), and (311) are observed at 20 values of 30.75° 36.55°,
50.02°, and 58.31°, with the (111) peak exhibiting high relative intensity [8].
3.2 Photoluminescence (PL) Spectroscopy

Fig.3 depicts PL emission spectra of CdO-Mg nanocomposites, revealing a prominent
peak at 360 nm along with smaller peaks at 377 nm, 410 nm, 435 nm, 460 nm, 492 nm, 522

nm, and 573 nm. In Fig. 4, CdO-Fe>O3 nanocompositesshow a maximum intensity peak at
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360 nm accompanied by smaller peaks at 376 nm, 410 nm, 436 nm, 494 nm, 522 nm, and 573
nm. Notably, blue emission peaks are observed at 460 nm, 492 nm and 494 nm while the
green emission peaks are at 522 nm. The photoluminescence spectrum illustrates thepresence
of blue and green emission bands in both nanocomposites.
3.3 UV-Vis Spectroscopy

Fig.5 displays the optical absorbance spectra of CdO-MgO nanocomposites, revealing
an absorption peak at 230 nm with an absorbance of 0.55 (arbitrary units). In Fig. 6, the
optical absorbance spectra of CdO-Fe>O3 nanocomposites show a maximum peak at 371 nm
with an absorbance of 1.0 (arbitrary units). UV peaks in the blue region for both CdO-MgO

and CdO-Fe>03 nanocomposites confirm their nanosize [9].
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Fig.3 PL emission spectra of CdO-MgO nanocomposites
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Fig.5 Optical absorbance spectra of CdO-MgO nanocomposites
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Fig.6 Optical absorbance spectra of CdO-Fe,O3 nanocomposites

Conclusion

CdO-MgO and CdO-Fe;Os nanocomposites were synthesized using the co-
precipitation method. The structural analysis by PXRD confirmed that CdO possessed cubic
structure and MgO-Fe2Os exhibited rhombohedral structure, devoid of impurities.

Photoluminescence analysis revealed blue and green shift emissions (340 - 560 nm), and UV-

Visible spectroscopy showed strong absorption peaks in the UV region, suitable for

photocatalytic applications.
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ABSTRACT

Over the last century, polymers have emerged as one of the most indispensable
components used in everyday life, epoxy or poly-epoxide being one such example. Recently,
synthetic filler materials have been the preferred choice for reinforcement of epoxy to
improve its mechanical and tribological properties. However, natural fibers are emerging as
suitable alternatives to synthetic materials for obvious reasons. In this work, pure epoxy
sheet was initially formed by solution casting method and the orange peel powder
(5wt%,10wt%) imposed epoxy sheets were also developed. The FTIR of epoxy reveals the
functional groups present in the sample. The dielectric constant increases with the increase
in temperature for all the tested nanocomposites. The thermal stability of polymer composites
was analyzed using the thermal analyzer and neat epoxy showed enhanced thermal
properties when compared with orange peel powder-imposed epoxy composite.

Keywords: Orange peel, Epoxy, Electrical analysis, Thermal analysis

1. Polymers

Polymeric materials have excellent thermal, chemical and dielectric properties.
Polymers are key enablers in electronic packaging. There are two basic classes of polymers;
thermoplastics and thermosets [1]. Polymers are long chains of repeating chemical units.
Polymers can be linear (polystyrene, polypropylene), branched (polyethylene) or cross-linked
(epoxy). Thermoplastics are very long polymer chains with a high molecular weight and can
be either crystalline or amorphous [2]. The high molecular weight of polymers imparts their
useful properties such as good mechanical property and the ability to be moulded into various
types (injection moulded, extruded, etc [3]. The main drawbacks of using thermoplastic
polymers in electronic packaging are, as the molecular weight increases, the viscosity
increases very rapidly requiring processing at temperatures above the melting point and In
use, if the Tg or Tm is exceeded [4], the dimensional stability limits the use in electronic
packaging, since most of the electronic packages experience multiple solder reflows where
the temperature is likely to be in the range of 220°C - 260°C, well above the Tm or Tg of most
thermoplastics [5]. Thermosets are a class of polymers that start out as small molecules

(monomers and oligomers) and during a chemical reaction polymerize into a cross-linked
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network structure [6]. In the final fully cured state, the crosslinks join the chains together
providing good mechanical properties, but thermosets will not flow above the Tg [7]. The
use of small molecules as starting materials allow for many types of processing such as
adhesive dispense, moulding of epoxy mould compounds, application of protective coating
layers, lamination of multilayer printed circuit substrates and more [8]. The cured epoxy resin
system has good electric performance in wide frequency and temperature ranges. It is a good
insulating material with high dielectric, surface leakage resistance and good arc resistance
[9]. The combination of good processing characteristics and useful properties has led to the
use of epoxy resins in many applications including adhesives, in electronics for
encapsulation, potting and printed circuit boards, and in the aerospace industries as matrices
for composites and tile material [10].

In this study, orange peel powder-imposed epoxy polymer nanocomposite was
prepared to enhance their mechanical strength, thermal properties and dielectric properties.
2. Materials and Methods
2.1 Epoxy Resin

Epoxy resin LY556 chemically belongs to epoxide family. Its common name is
BisPhinol-A-Diglycide-Ether. It is commonly used in the production of adhesives coatings
and in the production of composite materials. This resin is commonly employed because of
its high strength, and resistance to chemicals and moisture. LY 556 typically involves the use
of a hardener for the initiation of the curing process. The type of hardener used is HY951,
which has low viscosity, curing at room temperature and excellent electrical properties. It
also has good mechanical strength, good resistance to atmosphere and chemical degradation.
2.2 Preparation of pure epoxy sheet

Epoxy resin of 60gm and hardener of 12gm were poured in a beaker and stirred for 3
minutes using a mechanical stirrer. Before the mixture was poured into the metal mould some
Vaseline was applied for ease of removal of the sheet. Then the mixture was poured into the
metal mould. The metal mould was left undisturbed for a day at room temperature. Finally,
the sample was cured by keeping the mould in an oven at 100 degrees Celsius for 2 hours.
After the curing process the mould was again kept at room temperature for cooling. When the
mould attains the rooms temperature the synthesized sheet can be separated from the metal
mould. Thus, neat epoxy sheet was obtained.
2.3 Preparation of Epoxy/ Orange peel Composite

The orange peel powder of 5wt% was dispersed into 60gm of epoxy resin and both
were mixed by high speed in a mechanical stirrer for 3 hours, 12gm of hardener was slowly
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into epoxy- composite and stirred using a mechanical stirrer for 3 mins. Before the mixture
was poured into the metal mould some Vaseline for applied for easily removing the sheet.
Then the mixture was poured into the metal mould. The metal mould was kept undisturbed
for one day at room temperature. Then the sample was cured by the keeping in the hot air
oven for 100degree Celsius for 2 hours. After curing process, the mould was kept at room
temperature for cooling. When the mould attains the room temperature the developed sheet

was removed from the metal mould.

Fig.1: Photograph of the pure and orange peel-imposedepoxy composites
3. Results and Discussion
3.1 Fourier Transform Infrared Spectroscopy

Fourier transform infra-red spectroscopy is used to characterize the functional groups
of prepared pure epoxy and orange peel-imposed epoxy samples. The mode used in this FTIR
characterization is transmission. FTIR measurements for the samples are performed in the

range of 4000 — 400 cm™. The FTIR spectrum for all prepared samples is shown in figure 2.

Epoxy+5wt% orange peel powder

Transmittance(%)
- H H

Wave number (cm ')

Epoxy+10wi% orange peel powder
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$ L I
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Fig.2: FTIR spectra of pure and orange peel-imposedepoxy composites
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The structure of LY 556 epoxy resin and HY 951 hardener were confirmed by FTIR
spectral analysis. In the FTIR spectrum of pure epoxy, the band at 3400 cm™ corresponds to
bonded O-H stretching. The peak at 3058 cm™ indicates the stretching of C-H in aromatics.
The band at 2962 cm™ and 2926 cm™ corresponds to the asymmetric C-H stretching of CH;
and CHj; groups. The band at 1608 cm™ corresponds to the C=C stretching of aromatic rings.
The band at 1509 cm* corresponds to the C-C stretching vibration in aromatic ring. The band
at 1458 cm™ corresponds to the C-C stretching vibration in aromatic ring. The band 1296 cm-
! corresponds to the asymmetric CH; deformation. The asymmetric aliphatic C-O stretching
produces absorption bands at 1182 cm™. The asymmetric stretching mode of C-O-C vibration
appears at 1035 cm™. The strong absorption peak at 828 cm™ indicates C-H out of plane
deformation in aromatic rings. The band at 767cm™ corresponds to the C=C bending. The
sharpness and intensity only vary for different weight percentage orange peel added epoxy
composite. A slight shift in absorption bands is observed for orange peel added epoxy
systems.

3.2 Dielectric analysis
3.2.1 Dielectric constant
It is based on the phenomenon of electrical polarization and electrical conduction in

materials. In the present work the relative permittivity and the loss tangents are determined.

Fig.3: Dielectric constant Vs Temperature at 1KHz

It can be seen that the dielectric constant increases with the increase in temperature
for all the tested composites. This dependence is observed for pure and all the two filler
concentrations. At low temperatures the orientational mode cannot contribute to polarization.
This leads to a lower dielectric constant at low temperatures. The dielectric constant of
unfilled epoxy and orange peel-imposedepoxy composites increases with decreasing

frequency.
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Temper Pure Epoxy Epoxy+5wt% orange Epoxy+10wt% orange
ature Peel powder peel powder
O 10 | 100 1 1 10 | 100 1 1 10 | 100 1
KHz KHz KHz MHz KHz KHz |KHz MHz KHz KHz KHz MHz

100 | 13.689 | 12.586 | 11.627 12.848 9.489 9.284 |(8.324 7.983 | 8.743 | 7.987 | 8.643 7.645

90 12.498 | 12.354 | 11.164 |11.812 8.413 8.876 |8.256 7.876 | 8.102 | 7.843 8.543 | 7.429

80 11.328 | 11.970 | 10.930 |11.282 7.110 8.110 |8.145 7.546 | 7.843 | 7.664 8.430 | 7.368

70 10.936 | 10.650 | 9.261 9.293 7.018 8.074 |7.876 7.348 | 7.024 | 7.430 8.338 | 7.114

60 9.239 | 9.537 | 9.647 9.211 6.987 7.998 |7.546 7.119 | 7.000 | 6.998 8.214 | 6.878

3.2.2 Dielectric Loss

Dielectric loss depends on the electrical conductivity which in turns depends on the
number of charge carriers in the bulk of the material, the relaxation time of the charge
carriers and the frequency of the applied electric field.

—a— Pure epoxy
—— epoxy+5wt% orange peel powder
epoxy +10wt% orange peel powder

Fig.4: Dielectric loss Vs Temperature at 1KHz
It can be seen that dielectric loss increases with increase in temperature for all the tested
samples. This dependence observed for pure and all imposed orange peel concentrations. The
dielectric loss values for orange peel-imposed epoxy composite are less than that of unfilled
epoxy. Dielectric loss depends on the electrical conductivity in turn depend on the number of
charge carriers in the bulk of the material, the relaxation time of the charge carrier and the
frequency of the applied electric field. The dielectric loss values decrease with increase in

frequency.
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Pure Epox Epoxy+5wt% orange Epoxy+10wt% orange
Temperature poxy poxy Y poxy Y
°C) Peel powder peel powder
1 10 100 1 1 10 100 1 1 10 100 1
KHz KHz KHz | MHz | KHz KHz | KHz | MHz | KHz | KHz KHz | MHz
100 0.0939 | 00875 | 0.0938 | 00271 | 0.1839 | 0.0645 | 0.0438 | 0.0360 | 0.0139 | 0.0586 | 0.0448 | 0.0182
90 0.0893 | 0.0679 | 0.0857 | 0.0283 | 0.1693 | 0.0539 | 00377 | 0.0354 | 0.0194 | 0.0546 | 0.0376 | 0.0153
80 0.0635 | 0.0589 | 0.0426 | 0.0255 | 0.1562 | 0.0483 | 0.0351 | 0.0339 | 0.0098 | 0.0345 | 0.0287 | 0.0169
70 0.0447 | 00497 | 00394 | 00213 | 00887 | 00329 | 00236 | 00328 | 0.0077 | 0.0285 | 0.0197 | 0.0136
60 0.0344 | 00314 | 00280 | 00256 | 00663 | 0.0258 | 00189 | 0.0310 | 0.0058 | 0.0217 | 0.0135 | 0.0129
3.2.3 AC Conductivity

AC conductivity increases with increase in temperature for all the tested composites. The
dielectric results of pure epoxy and epoxy/orange peel powder show different dielectric
behaviours, depending on the frequency and on the imposed concentration. The frequency
dependence of the dielectric properties emphasized low frequency dispersion for both orange

peel powder and filled epoxy samples.

~8— Pure epoxy
®— epoxy+5wi% orange peel powder
epoxy+10wi% orange peel powder

T T
60 70 80 %0 100

Temperature

Fig.5: AC conductivity Vs Temperature atl1KHz
3.3 Thermal Analysis
Thermo Gravimetric Analysis
To study the thermal degradation characteristics of polymer composites thermo gravimetric
analysis was employed using the thermal analyzer. TGA data of neat epoxy and orange peel

powder-imposed epoxy composite (5 wt%, 10 wt %) were recorded and analyzed.
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Epoxy+ 5wt% orange peel powder

~ Pure Epoxy

Epoxy+ 10wt% orange peel powder

TG%

Temperature

Fig.6: TG Graph of pure and orange peel-imposedepoxy
Conclusion
In this work, pure epoxy, epoxy + 5 wt% Orange peel powder and epoxy + 10 wt% orange
peel powder was synthesized by solution casting method. The size of developed sheets is
approximately 240x50x4 mm. FTIR study proved the occurrence of epoxy and amine hardener
and interaction with imposed orange peel powder. The sharpness and intensity vary for
different weight percentage orange peel added epoxy composites. A slight shift in absorption
bands isobserved for orange peel added epoxy system. The dielectric constant increases with
the increase in temperature for all the tested composites. Orange peel powder- imposedepoxy
showed low dielectric loss when compared with pure epoxy. The AC conductivity get
decreased by adding fillers into the epoxy. Thermo gravimetric analysis exhibited the double
stage decomposition for pure and imposed orange peel epoxy which also showed that the
amount of filler increases, the thermal stability also increases with filler loading.
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ABSTRACT

Recent years have seen an increase in the utilization of petroleum resources, while
environmental rules have prompted research on composite materials that are renewable,
recyclable, and biodegradable. From domestic to aerospace items, natural fibre reinforced
with polymers is employed in a wide range of applications. Before being reinforced, plant
fibres need to be studied thoroughly. In the present work, sodium acetate treated coir fibre is
studied by exposing it to various physical, chemical and thermal characterization analysis.
Physical characteristics such as diameter, density, linear density, aspect ratio, thermal
conductivity and water absorption were found. The diameter of the treated coir fibre was
533um. Aspect ratio of the treated fibre was found out. Thermal conductivity of the treated
fibre was 0.041132 W/mK. The density of the treated fibre was 1.16 g/cm3. The water
absorption behaviour of treated fibres was very much reduced when compared to untreated
coir fibres. The treated coir fibre has high cellulose content of about 60.39%. The activation
energy of treated coir fibre was 56.3755 KJ/mol. The mass loss of treated fibre in all cases
was below 352°C. Coir fibre has many properties and is eco-friendly and so it can be
concluded that it can be used as reinforcement in bio composites for various applications.

Keywords: Renewable, Sodium acetate, Coir, Cellulose, Bio composites

1. Introduction

Natural fibres have a number of advantages over conventional reinforcement
materials, including adequate specific strength, low cost, low density, and improved thermal
and acoustic insulating qualities [1]. Natural fibres are a form of substance that resembles
hair and are either permanent fibres or only come in clearly lengthy pieces, like lengths of
thread. The final part's properties like strength and stiffness are improved while the weight is
reduced because of the high tensile strength of the fibres in a composite that are held together
by the matrix resin. Natural fibre is created or produced using both plant and animal hair [2].
Due to its higher specific strength, biodegradability and lack of itching, less natural fibre
issues during manufacturing as compared to synthetic fibre, is now used more frequently in
polymer matrix composites. The benefits of using natural fibre-based composites in a variety
of applications are increasing [3]. The two main factors that favour the use of natural fibres as
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reinforcements are reduced mass fraction and density. The structural design of a product,
which is predominately made of synthetic materials, is a significant component that affects its
use and availability on the market. With their capacity to bend to a variety of designer
configurations, natural fibre composites are now setting trends.
2. Materials and Methods

The Coconut fibres are extracted from the outer shell of coconut. The common name
of the coconut fibre is coir. Scientific name is Cocos nucifera. The traditional method of
retting is used to extract the coconut fibres. Fibre extraction or the separation of firmly linked
fibres, can be accomplished manually or mechanically. The Cocos nucifera is collected from
the village of Authivilai, Kanyakumari district of Tamil Nadu, South India. Fig. 1(a) shows
the experimental fibres collected. The fibre is extracted from the husk and they are cleaned in
distilled water and it is chemically treated. The treatment involves soaking the fibres in 0.1M
of NaOH for10 minutes and the fibres are drained. The drained fibres are soaked in a solution
of sodium acetate for 20 minutes. Fig.1(b) shows the experimental fibres under treatment.
Then the fibres are dried in shade. Fig. 1(c) shows the experimental fibres are under drying
process. After the fibres are dried, they are powdered for the purpose of characterization. This

is done to determine how the treatment has altered their traits.

o

Fig. 1. Sodium acetate treatment of Cocos nucifera fibres

3. Results and Discussions
3.1. Physical properties of Cocos nucifera fibres
3.1.1. Length and Diameter analysis

The length is a crucial term used to find the linear density of the treated coir fibres. In
order to determine the length, fifteen treated coir fibres are chosen. Using the ruler, the length
of the fibre samples are measured. Finally, the average value is found out [4]. Similarly,
microscope is used to find the diameter of the sample fibres. Table 1 shows the length and
diameter of the sample.

Table 1. Physical properties of sodium acetate treated coir fibres

Parameters Treated coir fibres
Length 19.94 cm
Diameter 533um
Aspect ratio 374.101
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Linear Density 1917 tex
Density 1.16 g/cc
Thermal Conductivity 0.041132 W/mK

3.1.2. Aspect Ratio

A higher aspect ratio is required for more efficient energy transmission between the
matrix and fibre filaments upon impact. Because of their higher tensile strength, natural fibres
with a high aspect ratio are advised. Fifteen fibres from Cocos nucifera samples that are
sodium acetate treated are measured for their average diameter and length. The aspect ratio is
found and is tabulated in Table 1. The following formula is used to find the aspect ratio of the
natural fibre.

Aspect Ratio = L/D

Where L is the average length of the fibre and D is the average diameter of the fibre.
3.1.3. Linear Density

The linear density of the fibre is defined as the mass per unit length of the fibre. The
values are tabulated in Table 1. The linear density of the treated coir fibre is calculated using
the formula,

Linear Density = M/L g/km

Where M is the average mass of the fibres; Lis the average length of the fibres [4].
3.1.4. Density using Pycnometer

Density is the important parameter of natural fibres. When employing a fibre as
reinforcement in a composite, the density of the fibre is an essential factor in determining the
fibre's potential to be a lightweight material [5]. The density of the treated coir fibre is

tabulated in Table 1. The density of the treated coir fibre is calculated using the formula,

(mz —my)

anf =

(m3 — my)-(mg —my)
Where my is the mass of dry empty pycnometer (g); m2 is mass of pycnometer + fibre (g); ms
is mass of pycnometer + benzene (g); mas is mass of pycnometer + benzene +fibre (g); po IS
density of benzene (0.876g/cm®); pcnris density of sodium acetate treated Cocos nucifera fibre
in g/cm?.
3.1.5. Thermal conductivity using Lee’s Disc

Lee’s Disc instrument is used to find the thermal conductivity of the coir fibre. The
ability ofa materialtotransfer orconductheatisknown asthemalconductivity. The thermal
conductivity of the treated coir fibre is tabulated in Table 1. The following formula is used to

find the thermal conductivity of the natural fibre:
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K = r.ncz(dT/dt) X RZhy e
piR2 (T2~ T1) " 2(R+h)

K is the coefficient of the thermal conductivity of the sample; m is the mass of themetal disc;
¢ is the heat capacity of the metal disc; dT/dt is the rate of cooling ofmetallic disc; X is the
thickness of the sample; (T2-T1) is the temperature differenceover the thickness of the
sample; R is the radius of the sample; h is the thickness ofthemetal disc. The graph is plotted
time along the x axis and temperature along the y axis.
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Fig. 2. Thermal conductivity of sodium acetate treated coir fibres
3.1.6. Water absorption behaviour
Studying the moisture absorption behaviour of composites made of natural fibres is
crucial to comprehend the durability of composites based on the application sector. Water

absorption of treated and untreated coir fibres is calculated using the formula,

Weight after immersion—Weight before immersion . 100

Water Absorption % = %

Weight before immersion
The graph is plotted with time in x-axis and percentage of water absorption in y-axis. Fig. 3

shows the graphical data of untreated and sodium acetate treated coir fibre.
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Fig. 3. Water absorption vs time graph of sodium acetate treated coir fibres
3.2. Chemical Analysis
The weight percentages of the different parts of a natural fibre, such as cellulose,
lignin, wax, ash, moisture, pectin, and hemicellulose are found and are tabulated in Table 2

[6]. The physical and chemical treatments of plant fibers are known to change the cellulose
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content as well as degree of crystallinity. The amorphous content gets washed away due to
chemical treatment with increasing the ratio of crystalline to amorphous regions. Thus,
cellulose content of coir fibre increases after treatment. To assess the chemical make-up of
each fibre sample traditional analytical techniques are applied [4].

Table 2. Chemical composition of sodium acetate treated coir fibres

Untreated coir Sodium Acetate treatedCoir
Chemical Composition fibres fibres (%) (present work)
[7]
Cellulose 37 60.39
Hemicellulose - 31.61
Lignin 42 24.19
Pectin - 3.98
Moisture 11.36 11.37
Wax - 0.88
Ash - 2.77
Density(g/cc) 1.2 [8] 1.16

3.3. Thermal Analysis

Thermal analysisisoneofthemostwell-knownandfrequently employed methods for
analysing the decomposition of solid materials. Depending on the nature and chemical
makeup of the naturalfibres, the heat degradation takes two tothreeprocesses. TG plot is
generated with the temperature along the x-axis and the weight loss percentage along they-
axis. Table3 indicates the mass loss of treated fibre in al Icases below 352°C. Major mass loss

(30 - 50 wt%) occurs above 243°C and is caused by the breakdown of cry stalline cellulose.

Table 3. Thermal study of sodium acetate treated coir fibre

Temperature Residual Activation
Fibre Type | during massloss | Mass Loss Atn;?)i)ic Energy
(°C) (%) (kJ/mol)
0-154 4%
Trei}ﬁfeco" 154 - 243 2% 22.42% 56.3755
243 - 352 49%
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on the TG curve are consistent with it. As a result, the thermal stability of the fibre has been
perfectly evaluated. Table 4 examined the mass loss at Tnay Of treated coir fibres. DSC

profiles of treated coir fibres are indicated in Fig. 4 (c). The treated coir fibre's lignified
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Table4. Mass loss at Tmax of treated coir fibres

TheActivation energy of treated coir fibreis calculated from Coasts - Redfern approximation.

Total mass loss (%)

Max. Temperature

T (50%)

Coir fibre has many beneficial properties and is eco-friendly and so it can be
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concluded that it can be used as reinforcement in bio composites for various applications. The
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sodium acetate treatment on this fibre material enhances its qualities and so it can be use in a

variety of matrixes for many applications. In order to take care of our mother nature such

natural fibre reinforced composites must be used rather than man-made fibre composites,

since these composites are biodegradable even after its use.
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ABSTRACT

In the present work copper oxide (CuO) nanoparticles were synthesized by means of
simple chemical precipitation method. Copper acetate and oxalic acid was used as
precursors for this synthesis process. The prepared copper oxide nanoparticles were
characterized by using X-Ray Diffraction (XRD) and Ultra Violet-Visible (UV-Vis)
spectroscopic techniques. The phase and crystalline structures were determined using the
XRD analysis. The optical band gap was analyzed by using UV-Vis Technique. The thermal
properties of the nanoparticles were studied with the aid of Thermo Gravimetric Analysis
(TGA). The antibacterial actions of copper oxide nanoparticles were studied and the
inhibition zones were examined around the disc is measured with transparent ruler in
millimeters.

Keywords: Copper Oxide, UV Spectroscopy, XRD.

1. Introduction

The application of nanoparticles is rising due to their unique properties like small size,
high surface to volume ratio, controlled release and higher bioavailability [1]. Metal oxide
nanoparticles have been receiving considerable attention for their potential applications in
optoelectronics, nanodevices, nanoelectronic, nanosensors, information storage and catalysis
[2]. Copper oxide nanoparticles are relatively cheap, photo catalytic and stable regard to their
chemical and physical properties. The potential application of CuO nanoparticles as anti-
infective agents lies in their extremely high surface area and desirable crystal morphologies
[3, 4]. The highly ionic copper oxide nanoparticles effectively target a wide range of bacterial
pathogens associated with nosocomial infections. However, a significantly high dose of
copper oxide is required to generate an antimicrobial effect [5, 6]. Copper oxide is a well-
knownsemiconductormaterials has been considered as a important one because of their
practical importance in electronic and optoelectronic devices, such as electrochemical cells,
gas sensors, magnetic storage devices and catalysts etc. [7-10]. Because of their simplicity of

preparation, scalability, nontoxicity, abundance, low-cost, and environmental friendliness,
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CuO is a semiconducting compound with a narrow band gap and is used for photoconductive
and photo thermal applications [11, 12].

In the present work, our aim is to the synthesis copper oxide nanoparticles in a single
step by the simple chemical precipitation method. The novelty of the work is synthesis of
copper oxide nanoparticles by one step reaction of copper acetate and oxalic acid, no catalyst
is used in synthesis process. Further the structural, optical, thermal properties and
antibacterial effectiveness wereanalyzed using the characterization techniques.

2. Materials and Methods

Nanostructure materials have attracted agreatdealof attentionbecause of thephysical,
chemical, electronic and magnetic properties show dramatic change from higher dimensional
counterparts and depends on their shape and size. Many techniques have been developed to
synthesize and fabricate nanostructure materials with controlled shape, size, dimensionality
and structure. The performance of materials depends on their properties. The properties in
tern depend on the atomic structure, composition, microstructure, defects andinterfaceswhich
are controlled by thermos dynamics and kinetics of the synthesis.

Copper oxide nanoparticles were prepared by a simple chemical method. The
precursor used in the synthesis process is copper acetate and oxalic acid. 0.4 mole of copper
acetate was dissolved completely in 50 ml of water and stirred well using the magnetic stirrer.
Similarly, 0.4 Mole of oxalic acid was dissolved in 50 ml of distilled water. The solution was
stirred well using magnetic stirrer until it dissolves.

The dissolved oxalic acid was added to the copper acetate little by little and stirred
well for about 30 minutes. Then the solution was kept at room temperature for a day. The
solution was washed using distilled water three times per day, washing process continues for
five days. After washing, the solution was kept in hot air oven at 100°C to get dried. Then the
dried solution was powdered and kept in muffle furnace for heating at 500°C and finally
desired copper oxide nanoparticles was obtained.

3. Results and Discussion

The X-Ray diffraction pattern of copper oxide nanoparticles was recorded using X-
Ray Diffractometer with TOPS Software of wavelength 1.54060A. The XRD pattern
obtained for the as-prepared copper oxide was shown in fig.1. Various parameters such as
angle 20, d-spacing, (h k 1) and relative intensity data of copper oxide nanoparticles are
tabulated in table 1.
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Fig.1. XRD pattern of as-prepared copper oxide nanoparticles
Table 1. Computed XRD parameters of copper oxide nanoparticles
S.No. | Angle 20 d- Net Gross Relative | FWHM
(degree) spacing | Intensity | Intensity Intensity
(A) (counts) | (counts) (%)

1. 46.857 1.93735 | 170.956 810.540 4.1 0.353
2. 50.813 1.79541 | 225.635 860.781 5.4 0.100
3. 42.190 2.14025 | 257.961 907.564 6.1 0.254
4. 46.622 1.94659 | 265.577 908.028 6.3 0.350
5. 38.748 2.32205 | 366.863 1090.72 8.7 0.296
6. 36.097 2.48627 | 367.603 1139.87 8.8 0.100
7. 51.611 1.76953 | 374.864 1012.56 8.9 0.100
8. 51.407 1.77606 | 418.168 1056.23 10.0 0.100
9. 22.812 3.89520 | 4200.26 4970.51 100 0.284

The formation of CuO nanoparticles was confirmed by XRD analysis. All the

diffraction peaks can be indexed with lattice planes and compared to the international center
for diffraction data (ICDD) Card No: 41 - 0254. The d-spacing values of the present study

were well matched with the reported values in the card given in table 2. In XRD analysis, the
planes (112),(151),(131),(113),(130),(042),(311),(-202)and (02 1) indicate the
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formation of monoclinic crystallite without having any peak due to the possible Cu,O and Cu

(OH)2 impurity. Therefore, from the XRD analysis it was further confirms that the prepared

nanoparticles belong to CuO phase. The copper oxide nanoparticles retained its monoclinic
structure with lattice parameters a = 4.685A, b= 3.423 A, ¢=5.132 A, a=y=90°, p =99.52° and

V=81.17 A3,
Table 2. Generated miller indices from ICDD
S.No. Angle 20 d-spacing Miller Indices
(degree) (A) (hk1)
1. 46.857 1.93735 112
2. 50.813 1.79541 (151)
3. 42.190 2.14025 131)
4, 46.622 1.94659 113)
5. 38.748 2.32205 (130)
6. 36.097 2.48627 042
7. 51.611 1.76953 311)
8. 51.407 1.77606 (-202)
9. 22.812 3.89520 021)

UV - VIS spectrums of the prepared copper oxide nanoparticles were taken in the

wavelength range between 200 to 800 nm. The spectrometer is initialized with glass plate and

the sample is mounted for recording the absorption spectrum. UV spectra of the as prepared

nanoparticles are taken using UV spectrophotometer [13, 14]. The optical absorbance

spectrum is shown in fig 2.
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Fig 2. Optical absorbance spectrum for copper oxide nanoparticles

The optical absorbance spectrum of the synthesized copper oxide nanoparticles

revealed a peak at 235 nm. The coppers oxide absorbance peak shows maximum absorbance
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of 1.95 % at 235nm.The energy band gap of copper oxide nanoparticle is obtained by the
relation
Eg = hv=hc/A
A =235 nm; h = 6.62607x1073 Joules sec; ¢ = 3x108 meter/sec.
Eg=5.29 eV
The energy band gap of copper oxide is found to be 5.29 eV.
Thethermalanalysisofcopperoxidenanoparticlesisperformedatthetemperature range
0 to 1000°Cin the normal nitrogen atmosphere. The TG/DTA patternobtainedfor the as-
prepared copper oxide was shown in fig.3 and fig.4.
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Fig.3 TG graph of copper oxide nanoparticles
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Fig.4 DTA curve of copper oxide nanoparticles
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TG determines mass loss over a temperature range and DTA determine endothermic
and exothermic temperatures and show phase transitions. The TG/DTA data for copper
oxide nanoparticles shows that the exothermic peak takes place around 300°C which
confirms that the material has retained its texture till 300°C without any decomposition up to
this temperature. From the TG curve it was known that the prepared material experiences
100 percentage weight losses at 300°C due to the liberation of oxygen molecules this was
confirmed by the DTA curve corresponding to the sharpen dothermic peakat 300°C. The
final residue left behind is copper [15 - 17].

The application of nanoparticles as antimicrobial agents is gaining importance in the
field of biology. The copper oxide nanoparticles have been synthesized and tested for various
applications in medicine. Nanoparticles are increasingly used to target bacteria as an
alternative to antibiotics. Nanotechnology may be particularly advantageous in treating
bacterial infections. Examples include the utilization of nanoparticles in antibacterial coatings
for implantable devices and medicinal materials to prevent infection and promote wound
healing, in antibiotic delivery systems to treat disease, in bacterial detection systems to
generate microbial diagnostics, and in antibacterial vaccines to control bacterial infections.

The antibacterial activity was tested on Escherichia coli, Staphylococcus aureus and
Pseudomonas aeruginosa bacterial strains. The qualitative assessment of the antibacterial
effect was done using agar disc diffusion (Kirby Bauer) method. Bacterial strains were
swabbed using sterile cotton swabs in Mueller Hinton agar plate. Up to 40 pl of each
concentration of the extract were respectively introduced in the sterile discs using sterile
pipettes. The disc was then placed on the surface of medium and the compound was allowed
to diffuse for 5 minutes and the plates were kept for incubation at 37°C for 24 hours. The
contact biocidal property can be determined by measuring the diameter of the zone of
inhibition (ZOI) around the well. At the end of incubation, inhibition zones were examined
around the disc and measured with transparent ruler in millimeters. The antibacterial effect of
the copper oxide nanoparticles was qualitatively measured by performing agar diffusion test
against all microorganisms. The diameters of the ZOI are determined and these are tabulated
in Table 3. The absence of growth around the nanoparticles is an indirect measure of the
ability of the material to inhibit the growth. The ZOI of the nanoparticles produced against
the Escherichia coli, Staphylococcusaureus and Pseudomonas aeruginosa bacterial strains are

shown in Figures 5 - 7.
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Fig. 5. ZOI of the nanoparticles produced against E. coli

Fig.6. ZOI of the nanoparticles produced against Staphylococcus aureus

Fig.7 ZOlI of the nanoparticles produced against Pseudomonas aeruginosa
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Table. 3 Diameters of the ZOI produced by the samples against the microbes

S.No. Positive control Zone size in
Microbes Levofloxacin diameter(mm)
1. Escherichia coli 27 10
2. Staphylococcusaureus 22 12
3. Pseudomonas 25 6
aeruginosa

The antibacterial action of copper oxide nanoparticles against the Escherichia coli,
Staphylococcus aureus and Pseudomonas aeruginosa bacterial strains is studied. From the
studies it was confirmed that the copper oxide nanoparticles are high antibacterial activity on
Staphylococcus aureus bacteria.

3.Conclusion
In the present work, copper oxide nanoparticlesare synthesized by a simple chemical

precipitation method. The precursors used in the synthesis process were Copper Acetate and
Oxalic acid. The preparation process is faster, cheaper and cost effective. The following
conclusions are made from the result of this work. From the XRD characterization, it is
observed that the prepared copper oxide nanoparticles belong to monocliniccrystal system.
From the XRD spectrum, the corresponding phases are identified a CuO. From the TG/DTA
studies, the thermal stability of the prepared copper oxide nanoparticles is identified as 300
°C. Furthermore, the chemical degradation of the material corresponding to the exothermic
peaks is found out. The optical behavior of both copper oxide nanoparticles is studied by UV
characterization. The band gap of the prepared nanoparticles is also found. The energy band
gap of copper oxide nanoparticle is 5.29 eV. The antibacterial actions of copper oxide
nanoparticles were studied and the inhibition zones were examined around the disc is
measured with transparent ruler in millimeters. From the studies it was confirmed that the
copper oxide nanoparticles are high antibacterial activity on Staphylococcus aureus bacteria.
The future scope of the project is to analyze the particle size, SEM and TEM of the material.
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ABSTRACT

In this report the nanostructured thin film of nickel hydroxide was obtained
successfully by the SILAR method. The prepared samples were successfully characterized by
different techniques namely X-ray diffraction (XRD), Fourier Transform Infrared Spectrum
(FTIR), Field Emission Scanning Electron Microscope (FESEM), Energy dispersive X-ray
analysis (EDAX), and the UV-Visible spectroscopy. Using the result of XRD reveals the
presence of nickel hydroxide using nickel sulphate and nickel chloride by obtaining the peak
value of 38.665° and 38.370°. In FTIR the formation of Ni-OH bonds which his proven by the
appearance of the absorption bands at 3408 cm™ and 3371 cm™. The FESEM images shows
the floral structure for nickel hydroxide which is prepared from nickel chloride and nickel
hydroxide and containing different sized particle as 1 m and 500 nm. The EDAX result
shows that the sample is primarily composed ofnickel, oxygen and hydrogen with the
presence of other impurities. From the UV-visible spectres copy, the bandgap values were
calculated and the values are 3.37eV and 3.16eV.

Keywords: Thinfilm, Nickel Hydroxide, SILAR

1. Introduction

Nickel hydroxide (Ni(OH)2) has been widely used in numerous applications due to its
unique physico-chemical properties. Because of the potential application of Ni(OH)2 and the
novel properties of nanoscale materials, considerable efforts have recently been focused on
the preparation of nanostructured Ni(OH)2, such as nanotubes, nanorods, nanosheets, and
nanoribbons[1]. They were always mixed into conventional spherical Ni(OH)2 to be used and
could not independently used as the active materials in positive electrodes. Therefore, two-
and three-dimensional Ni(OH)z hierarchical structures obtained by the self-assembly of low-
dimensional building blocks have received increasing interest and can be independently used
as the active materials in positive electrodes[2-4].

As two-dimensional nanoscale materials, nanostructured Ni(OH) thin films are
highly desired. Nickel oxide (NiO) thin films are very prosperous materials with excellent
electrochromic properties. In this paper, nanostructured Ni(OH)2 thin films were prepared by
a SILAR process and the growth process as well as the structural and optical properties were

discussed in detail.
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2. ExperimentalDetails
In this study, [Ni(OH):] nanostructures were grown by SILAR method on cotton cloth

substrates at room temperature and ambient pressure. To synthesize the, [Ni(OH):] thin films,
aqueous nickel-ammonia complexions ([Ni(NHs)4]?*) were chosen for the cation precursor, in
which using analytical reagents of NiCl, (% 99) and concentrated ammonia (NH3) (25-28%)
were used. The concentration values defined for the nickel (Ni) solution was 0.1 M and the
molar ratio of Ni: NHzis 1:10 obtained as are sult of several experiments.
For the synthesis of the, [Ni(OH):] thin films, one SILAR growth cycle included the
following four steps
Step: (1) immersing the substrate in the complex ([Ni(NH3)4]?*) solution for 40 s to create
athin liquid film containing ([Ni(NHs)4]?*) on the substrate;
Step: (2) rinsing the withdrawn substrate immediately in doubled istilled water for 20s;
Step: (3) immersing the withdrawn substrate immediately for 60s in hotwater at100°C to
forma [Ni(OH):] layer and
Step: (4) rinsing the substrate in a separate beaker for 20 s to remove large and loosely bound
Ni(OH)2 particles. Thus one SILA Recycle of, [Ni(OH):] deposition was completed. By
repeating such deposition cycles, 80 times we obtained, [Ni(OH):] films of the thickness 264
nm, respectively. The average growth rate was found to be 3.16 nm/cycle. The films were
deposited at room temperature. To investigate the effect of film thickness on the
characteristic parameters of the, [Ni(OH):] films, XRD, SEM and optical absorption
measurements were used. For structural studies, X-ray Diffractometer with (A = 1.5405
Angstrom (A)) radiation with 2h of 20° - 80° wasused. The surface morphology was studied
using a SEM. To study the optical properties of thefilms, absorption measurements were
conducted using a Perkin—Elmer UV/ VIS Spectrometer with wave length solution better than
+0.3 nm at roomtemperature.

2.Results and Discussion

2.1. XRD analysis

In XRD the position and relative intensity of all diffraction peaks match with the

JCPDS file no:14-0117 as shown in the Figure 1, Which indicate the presence of Ni(OH)2

nanoparticle. The average crystallite size of the nanoparticle was estimated from the line

broadening of the diffraction line susing Debye Scherrer’s formula

D=K\BcosO
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Where D is the average crystallite size (nm); K is the Scherrer’s constant (K=0.89), A
is the wavelength of light used for diffraction (A=1.54056A); P is the broadening of the
diffraction peak measured at half of its maximum intensity (in radians) and 0 is the Bragg’s
diffractionangle. The obtained peak value is (101) and the 26 value is 38.370° using the
solution Nickel Sulphate is shown in Fig. 1a and the peak value is (101) and the 26 value is

38.655° is obtained for the solution Nickel Chloride is shownin Fig.1b.
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Fig .1 XRD Pattern of Ni(OH)z nano structured thin film prepared using
a) Nickel Sulphate b) Nickel Chloride
2.2. FTIR Spectra

The FTIR spectrum of Ni(OH)2 shows a hydroxyl stretch from the Ni(OH)2 lattice is
between and an -O-H stretch of the intercalated hydroxyl group from water between 3100 and
3500 cm!. Also, an H-O-H bend is observed at 1605 cm™! from the vibration of free water
molecules. The spectrum also shows a sharp O-H stretch at 608 cm™' from the hydroxyl
lattice vibration and a weak peak at 467 cm™! indicating a Ni-O lattice vibration.
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Fig.2: FTIR spectra of Ni(OH)z nanostructured thin films prepared using
a) Nickel Chloride b) Nickel Sulphate
3.3. UV-VIS Spectroscopy

To characterize the absorption properties of the synthesized samples, UV-Vis

57



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

absorption spectrophotometer was used. UV-Vis spectrophotometers measure the absorption
or transmission of light that passes through a medium. It offers a maximum absorbance peak.
The optical bandgap energy can be determined by the following equation
Eg=hc /A

where h is the Planck’s constant (6.626 x 10* J-s), ¢ is the velocity flight (3x108m/s), A is
the corresponding absorption wavelength. The bandgap of Ni(OH), is 3-3.5ev. The
absorbance spectra of the syn the sized Ni(OH). from nickel sulphate which exhibits a
maximum peak at 368 nm with absorbance 0.567(arb. Units). The optical band gapis found to
be 3.37eV.
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Fig.3: Absorbance spectra of Ni(OH)z nanostructured thin films prepared using
a) Nickel Chloride b) Nickel Sulphate
3.4. FESEM Analysis
The FESEM images of Ni(OH)2 synthesized from nickel chloride, nickel sulphate annealed at

100°C are shown in Fig.4 & 5. The floral morphology with different size was observed.

Fig.5: Morphology of Ni(OH)z nanostructured thin films prepared using Nickel
Sulphate
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4.5. EnergyDispersiveX-Ray Analysis (EDAX)

The elemental analysis of nickel hydroxide was done by energy dispersive X-ray
analysis (EDAX). The energy dispersive X-ray analysis was conducted by focusing an
electron beam several different sectioned regions of Ni(OH).. The composition of sample
shows the presence of nickel, oxygen and carbon elements. The peaks observed in the

spectrum reveals the presence of Ni and OH, which confirms the formation of Ni(OH): in the

sample.
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Fig.6: EDS spectra of Ni(OH)z nanostructured thin films prepared using
a) Nickel Chloride b) Nickel Sulphate
Conclusion
The nanostructured thin film of nickel hydroxide was obtained successfully bythe
SILAR method. XRD analysis confirms the crystal structure of Ni(OH). nanostructured thin
films. The formation of Ni-OH bonds is proven by the appearance of the absorption bands at
3408 cm™ and 3371 cm™ observed in the FTIR. The FESEM images shows the floral structure
for nickel hydroxide which isprepared from nickel chloride and nickel hydroxide and
containing differentsized particle aslum and 500 nm. The EDAX result shows that the
sample is primarily composed of nickel, oxygen and hydrogen with the presence of other
impurities. The band gap values were calculated from absorption spectra and the values are
3.37eVand 3.16 eV.
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ABSTRACT

NiO nanoparticles were synthesized by Sol-Gel method and the synthesized
nanoparticles were calcined at different temperatures. The powders were investigated with X-
ray diffraction, Scanning Electron Microscopy with EDAX analysis, UV-visible spectroscopy
and Fourier Transform Infrared Spectroscopy (FTIR). The structural characterization was
carried out by x-ray diffraction which confirms the polycrystalline nature of the films with a
cubic structure. SEM analysis of the films enabled the conclusion that the prepared films are
uniform, rough, large crystals and agglomeration of particles were observed. The UV studies
shows the absorption properties of the synthesized nanoparticles. The stretching vibration of
bonds of synthesized NiO nanoparticles were foundfrom FTIR spectra.

Keywords: Nickel Oxide, XRD, UV-Visible spectroscopy, FTIR, SEM

1. Introduction

Nickel oxide is a p type 3d transition metal oxide and has received a great deal of
attraction due to its applications in various fields such as electrochromic films, fuel cell
electrodes and gas sensors, battery cathodes, PN hetero junctions, magnetic materials,
photovoltaic devices, electrochemical supercapacitors, smart windows and dye-sensitized
photocathodes [1-4]. With the volume effect, the quantum size effect and the surface effect,
NiO nanoparticles are expected to possess many improved properties and even more
attractive applications than those of bulk-sized NiO particles [5-7]. Preparation of Nickel
involves the solution phase chemistry route, which in theory should provide multiple, simple
ways to control the morphology, particle size and desirable crystalline phase [8-10]. The
Nickel Oxide nanoparticleshave been prepared by sol gel method with different calcination
temperature. The synthesized Nickel Oxide nanoparticles synthesized were characterized
through XRD, SEM, EDAX, UV-Vis spectroscopy and FTIR.
2. Experimental Procedure

0.2 M of Nickel Nitrate is dissolved in 50 ml of ethanol and isopropyl alcohol. The
precursor solution is allowed to stir until clear solution is formed. Then the Sodium

Hydroxide was added drop by drop to reach the pH value of 9. The sol is formed and the
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temperature was set above 70°C in the magnetic stirrer. After 2 hours the green colour gel
was formed and it is washed with ethanol for 3-5 times to remove by products and unreacted
compounds. The gel is then placed in hot air oven at 100°C for 24 hours. The dried powder is
then calcined in muffle furnace for different temperatures (300°, 500° and 700°C). After
calcination process, the green coloured NiO nanoparticles changes into Black colour.

3. Results and Discussion

3.1 XRD analysis NiO nanoparticles

The powder X-ray Diffraction pattern of Nickel Oxide (NiO) nanoparticles was recorded
using XPERT-PRO Diffraction system with CuK radiation of wave length 1. 54056A. The
characteristic powder X-ray diffraction pattern of nickel oxide nanoparticle susing different

temperatures are shown in the fig.1

Fig.1 XRD analysis of NiO nanoparticles calcined at different temperatures
(a) 300°C (b) 500°C and (c) 700°C

Figure 1(a) shows the XRD pattern of NiO nanoparticles calcined at300°C. The
predominant peaks lies in (220) and (113) plane. The average grainsizes of NiO nanoparticles
obtained in this processis 107.85 nm. Figure 1(b) shows that XRD pattern of NiO
nanoparticles calcined at 500°C. The predominant peaks lie in (220), (002) and (111) plane
which indicates the good crysalinity of the sample. The average grainsizes of NiO
nanoparticles obtained in this processis 40.26 nm. Figurel(c) shows that XRD pattern of NiO
nanoparticles calcined at 700°C. The predominant peaks lie in (220), (012), (101), and (110)
plane which indicates with high intensity. The average grain size of the particleis found to be
33.52 nm. All the samples show the cubic structure which his in agreement with JCPDS file
no. 89 - 7101. As the calcination temperature increases, there is a decrease in its grain size.

Also. The calcination temperature makes the peak intense and clear.
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3.2 UV-Visible analysis

oertence

Fig.2 UV-Visible analysis of NiO nanoparticles calcined at (a) 300°C (b) 500°C (c) 700°C

Figure 2 shows the optical absorption spectra of the NiO nanoparticles synthesized
with different calcination temperature. A strong absorption peak is obtained in the UV region
at 270 nm, 294 nm and 294 nm wavelength respectively, which may beassociated to the
absorption band of NiO. The bandgap value is found to be 3eV, 3.2 eV and 3.2 eV
respectively for the optimized synthesized NiO nanoparticles calcined at different
temperatures.
3.3 FTIR Analysis

FTIR Analysis measures theinfrared region of the electromagnetic radiation spectrum,
which has a longer wavelength anda lower frequency than visible light. This spectrum is
measurable in a sample when submittedto infrared radiation (IR). The basic theory at work is
that the bonds between different atoms absorb light at different frequencies. The FTIR
analysis results for Nickel Oxide nanoparticles at various different temperatures at 300°C,
500°C, 700°C.

Fig 3. FTIR spectra for NiO nanoparticles synthesized at 300°C
(b) 500°C (c) 700°C
3.4 SEM Analysis
Scanning electron microscopy-energy dispersive X-ray analysis (SEM-EDX) provides
aquick nondestructive determination of the elemental composition of the sample readily

identifying barium, potassium, strontium, and chlorine.
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sonex

Fig 4. FESEM spectrai fior' Ni6 nanopérﬁcles synthesized at
(a) 300°C (b) 500°C (c) 700°C
The NiO nanoparticles synthesized with 300°C and 500°C of calcination temperature

show nanospikes and as the temperature increased to 700°C nanopebbles were formed.
3.5 EDX analysis

EDX measurement evidences that NiO containonly Ni and Oelements and there is
notrace of any other impurities with in the detection limit of the EDX. Inaddition, there was

no evidence of impurities or residues observed in the EDX results, which also confirmed the

complete formation of NiO nanostructures.

i S h iy N A O
eeca

Fig 5. EDX spectra for NiO nanoparticles synthesized at
a) 300°C (b) 500°C (c) 700°C

Element Weight %
300°C 500°C 700°C
OK 41.87 31.06 54.60
Ni K 58.13 68.94 45.40
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Conclusion
In this report, nickel oxide (NiO) nanoparticles are synthesized by sol-gel method.
The procedure developed in th epresent study offers homogeneous particle distribution, good
reactivity between components, nano-size particles and allow slower processing temperature.
Using Debye Scherer’s formula, the average grain size of NiO was found to bel07.84 nm,
40.25 nm and 33.52 nm respectively for samples calcined at (a) 300°C (b) 500°C (c¢) 700°C.
The UV studies show that there is a blue shift exhibited by NiO nano crystalline particles.
The FTIR spectra of the synthesized nanoparticles reveal the stretching vibration of different
bonds. The SEM analysis show the nanoparticles synthesized are of nanospike shaped and the
EDS results are shown in the graph. The EDS results show the purity of the synthesized NiO
nanospikes and confirm that no impurities are present. Hence the synthesized (NiO) Nickel
oxide powders are used as an electrolyte in nickel platingsolutions, an oxygen donor in auto
emission catalysts. Also, they can be used in anodizing aluminum, conductive nickel zinc
ferrites, in glass frit for porcelain enamel, thermistors, cermet and resistance heating
elements.
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ABSTRACT

Copper ferrite thin film has been prepared by using doctor blade method and it
findsas application dye-sensitized solar cell, which is a third-generation photovoltaic device
thatholds significant promise for the inexpensive conversion of solar energy. For the
fabricationof the thin film, CuFe,O4 nanoparticles synthesized via green route using egg
white is used. The Structural characteristics of synthesized thin film was studied by X-ray
diffraction analysis, Fourier transform infrared spectrum was recorded to investigate the
presence of the chemical substances in synthesized Copper ferrite thin film.

Keywords: Thin Film, Doctor Blade Technique, Ferrite, Nano, XRD, FTIR, Green.

1.Introduction

Due to their high electrical resistivity and excellent magnetic properties, spinel ferrites
are excellent candidates for modern technological applications. Copper ferrite nanoparticles
(NPs) are used in biomedicine (drug delivery [1], magnetic resonance imaging [2], magnetic
cell separation, and DNA extraction [3]. They also have various technological applications
such as energy storage devices [4], magnetic storage media [5], and spintronic and
electromagnetic devices [6,7]. Furthermore, ferrites have been used as catalysts for the
photocatalytic degradation of organic matter [8, 9, 10], oxidation of dimethyl ether [11] and
mercury [12], and reduction of 4-nitrophenol [13]. The spinel structure of ferrites provides
additional sites for the catalytic reaction, leading to an increase in the efficiency of
photocatalytic decomposition [14,15].

Doctor blade coating is the most widely employed solution processing technique for
large-area thin film fabrication at low cost. Doctor blade coating is a technique used to form
films with well-defined thicknesses. The technique works by placing a sharp blade at
fixed distance from the surface that needs to be covered. The coating solution is then placed
in front of the blade and the blade is moved across in-line with the surface, creating a wet
film. The technique should ideally have solution losses of about 5%; however, practically, it

takes time for optimal conditions to be found [16].
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A dye-sensitized solar cell is a low-cost solar cell belonging to the group of thin film
solar cells [17]. The DSSC has a number of attractive features; it is simple to make using
conventional roll-printing techniques, is semi-flexible and semi-transparent which offers a
variety of uses not applicable to glass-based systems, and most of the materials used are low-
cost. Although its conversion efficiency is less than the best thin-film cells, in theory its
price/performance ratio should be good enough to allow them to compete with fossil fuel
electrical generation by achieving grid parity. Commercial applications, which were held up
due to chemical stability problems, had been forecast in the European Union Photovoltaic
Roadmap to significantly contribute to renewable electricity generation by 2020 [18, 19].

2. Experimental Details

The doctor blade technique to adopted in the fabrication of CuFe>O4 thin film in the
present work. The CuFe>O4 nanoparticles required for the fabrication is synthesized via green
synthesis route adopting solution combustion methods using egg white as fuel [20 -23]. In
order to prepare the thin film, 1.494g of CuFe.O4 nanoparticles were mixed with 8.3 ml of
liquid ethanol and 15 ml f distilled water and the mixer was stirred for 20 minutes. Then the
precursor has been sonicated for 30 minutes, The pH level was optimized to 3 by adding
nitric acid drop by drop. Using the glass road, the sample in the paste form is spread
uniformly throughout to the conducting side of the glass slide doesn’t leaving any spots of the
slide uncovered. Now the same process is repeated for three times and the thin film was
annealed at 500°C furnace for 1 hour. After the completion of the above procedure the
prepared thin film were characterized using XRD and FTIR.

3. Results and Discussion
3.1. XRD Analysis

The fabricated copper ferrite thin film was calcinated at 500° C for one hour and
subjected to XRD analysis. The XRD pattern of the samples is shown in Fig. 1. They exhibit
typical reflections planes (2 2 0), (311),(400),(400), (511)and (4 4 0) that are
indications of the presence of the cubic spinel structure [24, 25]. These diffraction lines
provide clear evidence on the formation of copper ferrite system. All the diffraction peaks
match well with the reported values (JCPDS file N0:25-0283).
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Fig. 1. XRD pattern CuFe20a4thin film

Comparison of standard and observed 20 values for CuFe204 nanoparticles

JCPDS hkl Experimental
20 (degree) 20 (degree)
30.168 220 30.408
35.641 311 37.335
43.038 400 43.340
57.052 511 57.135
62.775 440 62.704

3.2. FTIR Analysis
FTIR analysis of copper ferrite thin film

The FTIR spectra of copper ferrite thin film was analysed in two ranges of the
absorption bands, 4000 - 1000 cm™* and 1000 - 400 cm™* and shown in Fig. 2. In the range of
4000-1000 cm't, vibrations of CO3%, NO®* and moisture were observed. The intensive broad
band at around 3400 cm™ and the less intensive band at around 1630 cm™ are due to O-H
stretching vibration interacting through H bonds. Traces of adsorbed or atmospheric CO; are
evidenced by the very small absorption peak around 2340 cm™. The v (C=0) stretching
vibration of the carboxylate group (CO; %) is observed around 1390 cm™ and the band at
around 1100 cm™* corresponds to nitrate ion traces. In the range of 1000 - 400 cm™, two main
metal - oxygen bands at around 560 and 450 cm™ were observed in the spectra of copper and
zinc substituted spinel ferrite nanoparticles. The band at around 560 cm™ corresponds to
intrinsic stretching vibrations of the metal at the tetrahedral site (Fe - O), whereas the band at
around 420 cm™ is assigned to octahedral - metal stretching (Zn/Cu - O) [26 -28].
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Fig. 2. FTIR pattern CuFe20O4 nanoparticles

3. Conclusion

Copper ferrite thin film has been prepared using doctor blade method. The

synthesized thin film was characterized by powder XRD and FTIR techniques. The

synthesized CuFe;O4 thin film was confirmed as copper ferrite system from the XRD

analysis. The crystal structure of the copper ferrite thin film is found to be face centred cubic
structure, from comparing XRD data with standard JCPDS file no. 25-0283. From the FTIR

data, the organic and inorganic compounds and bands of them are found. The fabricated

CuFe;04 thin film can be used as sensors and for energy storage purposes.
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ABSTRACT

Hydroxyapatite (HAp) is a substance that is most actively used in orthopaedic
dentistry as a bio coating of implants to improve its osteointegration with bone tissue. In this
present study, the Pure and Extract added HAp was synthesized from Eggshell using the wet
precipitation method. The characterization of the sample was done by using Powder X-ray
diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), and UV Spectroscopy.
As a result, the study showed that by using the precipitation method, HAp was able to be
synthesized from eggshell waste.

Keywords: Hydroxyapatite, Eggshell, Calcination, XRD, FTIR.

1. Introduction
Hydroxyapatite is a ceramic material which forms the mineral phase of bone. It is

comprised primarily of calcium and phosphate at a respective ratio of 1.67. HAp has been
used extensively within the world of orthopaedics as a biomaterial to promote tissue
regeneration. Nanoscale Hydroxyapatite (HAp) is a ceramic material that forms the mineral
phase of bone. It is comprised primarily of calcium and phosphate at a respective ratio of
1.67. HAp has been used extensively within the world of orthopaedics as a biomaterial to
promote tissue regeneration.

Nanoscale formulations of HAp have been investigated for both orthopaedic and
dental tissue regenerative applications. When in its nanoscale formulation, this material has
proven advantageous due to its rapid rate of resorption, which has been to shown to result
from its high solubility due to its nano crystallinity [1].

Nano hydroxyapatite (nHAp) has been studied extensively as a material coating for
orthopaedic and dental implants, as well as for tissue-engineered scaffolds. Titanium implants
have emerged as an important biomaterial for both orthopaedic and dental tissue engineering
due to their bioinert properties. These implants have been coated with nHAp in an attempt to
make them bioactive. nHAp coated on titanium implants can lead to improved mechanical

strength at the tissue-implant interface [2].
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With the reported success of HAp as an implant coating, nHAp is being incorporated
into tissue-engineered scaffolds with the ultimate goal of improving orthopaedic and
craniofacial tissue regeneration. The incorporation of nHAp into polycaprolactone
(PCL)/gelatin nanofibrous tissue-engineered scaffolds for dental tissue engineering led to the
up-regulation of odontogenic markers when compared to nanofibrous scaffolds without
nHAp [3].

2. Experimental Methods
2.1 Egg Shell Pretreatment
The membrane attached to the inside of the eggshell was removed. Subsequently, the shell
was washed with distilled water and dried at room temperature, and finally crushed until
obtaining a particle size of less than 5nm.
2.2 Calcination Test
A fixed amount of crushed eggshell (= 10 g) was placed in quartz crucibles and calcined for 2
hours in a static air atmosphere at 700°C temperature. Since the main component present in
the eggshell is calcium carbonate (CaCOs3) the calcination reaction would proceed according
to:

CaCO3 .Ca0 + CO>
2.3 Synthesis of Hydroxyapatite
1) 2.8 g of CaO, obtained from the calcination of the eggshell, was dissolved in distilled
water at 60 °C with constant stirring for 1 hour.
CaO + H20 _, Ca(OH):
2) 20 ml of nitric acid (HNO3) were added into calcium hydroxide solution, Ca(OH)2, until a
clear liquid was obtained.
Ca(OH)2 + 2HNOs-, Ca(NO3)2 + 2H.0
3) 4.0827 g of potassium dihydrogen phosphate, (KH2POs), was prepared with 50 ml
distilled water. This solution Ca(NOs). a precipitate is obtained with a molar ratio Ca/P =
1.67.
4) The Ca(NOs3). solution was kept under constant stirring and the KH2PO4 solution was
slowly added in the solution.
A dilute NH3 solution was also slowly added at a rate sufficient to maintain a pHvalue = 10.
The resulting solution was kept under constant stirring for at least 1 h and was subsequently
kept at rest until complete separation of the precipitate was obtained (24 h). The precipitate
was separated by filtration and washed with distilled water. The obtained precipitate was
dried at 65°C for 24 h and heat treated for 30 min for 500°C. The sameprocedure was added
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for extract-added hydroxyapatite where carica papaya Leaf Extract is added instead of
distilled water as solvent. The X-ray diffraction of the samples was recorded and analyzed
using a XPERT-PRO powder diffractometer with monochromatic CuKa radiation (A=1.5406
A) over the 20 range of 20° to 80°. The FTIR spectra was recorded using FTIR
spectrophotometer (Bruker IFS 48) The optical properties of the samples are studied using
JASCO 650 UV Spectrophotometer.
3. Results and Discussion
3.1 Powder X-ray diffractionAnalysis

Powder XRD is used for crystal phase identification and estimation of the crystallite
size for synthesized nanoparticles. The PXRD pattern of pure and extract-added
hydroxyapatite is shown in figures 1 and 2. All the diffraction peaks of the pure and Extract
added HAp can be indexed hexagonal HAp (Space group P63 /m) using JCPDS file no.09-
0432, (a=9.418A, c=6.884A). All samples confined the presence of hexagonal structure and
the Bragg peaks with miller indices (002), (210), (211), (300), (202), (310), (311), (113),
(203), (222), (312), (213), (321), (004), (322), (313), (214), (304), (511), (215) and (513)
were associated with the hexagonal lattice of HAp.The average crystallite size of the
nanoparticle was estimatedfrom the line broadening of the diffraction lines using Debye

Scherrer’s formula
D= 0.9
B BcosB

Where, D is the average crystallite size (nm), A is the wavelength of light used for diffraction
(A=1.54056A), B is the broadening of the diffraction peak measured at half of its maximum
intensity and 0 is the Bragg’s diffraction angle. The average crystallite size of the pure and

extract added Hydroxyapatite particles were found to be 80 and 60 nm respectively.

Pure HAp

(211)

250 4

200 4

(002)
(300)

150 4

~(322)
~(214)
~(511)
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Intensity (Counts)
(210)
(202)

(004)

~(215)

(304)

=&
50 a8

(513)

T T T T T
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20 (degree)

Fig.1 PXRD pattern of Pure HAp nanoparticle
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Fig.2 PXRD pattern of Extract added HAp nanoparticles
3.2 Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR analysis was carried out to identify unknown species, functional groups,
and vibrational modes associated with each peak. Fig 3 and 4 show the FTIR spectra of Pure
and Extract added HAp nanoparticles. The bands observed at 573.56 cm™ and 565.56 cm™
were assigned to the O-P-O bonding mode. The bands observed at 1086.24 cm ** and 1121.43
cm® were assigned to Asymmetric stretching of the mode of O-P-O and they appear large
intensity. The increase in intensity Whereas the bands assigned at 1638.12 cm™ and 1645.32
cm are assigned to bending modes of H-O-H of lattice H,0O. The FTIR spectra confirm the
formation of Pure and Extract added HAp and results are supported with XRD analysis. The
OH broad peak at 3400 cm™ is decreased for extract added samples due to decrease in

crystallite size.

HAp with Extract |
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Fig.3 FTIR spectrum of Pure HAp nanoparticles
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Fig.4 FTIR spectrum of Extract added HAp nanoparticles

Table 1: FTIR band assignments of Pure and Extract added sample Hapnanopatrticles

S.No Pure HAp Extract added
(Wave number HAp Band Assignment
cm?) (Wave number
cm)
1 3366.54 3424.12 O-H stretching mode
2 1638.12 1645.32 Symmetric bonding mode of H.O
3 1164.63 1164.63 Asymmetric stretching of POs*
4 1121.43 1086.24 Asymmetric stretching of POs*
5 573.56 565.56 Asymmetric bonding of PO4*

3.3 UV-Vis Studies from HAp Nanoparticle
UV absorption spectrum is analyzed for all samples from 200 nm to 800 nm. Peaks
observed in the absorption spectra are due to transition of electrons between valance band,
conduction band and intrinsic defect levels. This is the characteristic absorption peak of HAp
which is ascribed to intrinsic band-gap absorption of HAp. When particle size increases
visible absorption increases. This may be due to the increase in number of Oxygen vacancies.
The spectrometer is initialized with glass and plate and the sample is mounted for recording
transmittance and absorption. The optical band gap energy can be determined by the
following equation,
Eg = hc/A
Were,
* his the Planck’s constant (6.626 x 10-34 J-S).
« cis the velocity of light (3 x 108 m/s).

» Ais the corresponding absorption wavelength.
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Fig 5 & 6 shows the band gap values of Pure and Extract added HAp nanoparticles

and the same was given in table 2. The band gap values of Extract added HAp nanoparticles

are found to be increased due to decrease in crystallite size.
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Fig.5 Optical absorbance spectra of Pure HAp nanoparticles
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Fig.6 Optical absorbance spectra of Extract added HAp nanoparticles

Table 2: Optical band gap of Pure and Extract added HAp calcined at 500° C

S.NO Nanopowder sample | Optical band gap (eV)
1 Pure HAp 3.6
2 Extract added HAp 3.7
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4. Conclusion

In this present work, nano-sized pure and extract added Hydroxyapatite particles were

successfully synthesized through wet precipitation method. The samples were characterized
using PXRD, FTIR and UV Spectroscopy. The XRD spectra shows hexagonal structured
HAp nanoparticles. In the FTIR spectra of pure and extract added hydroxyapatite shows the
characteristic vibrational bands related to phosphate, hydroxyl and absorbed water were
present. It can also be observed that adding of Extract with hydroxyapatite did not cause the
appearance of any other additional vibrational bands associated with Extract or other
impurities. From the UV spectra the band gap energy is increased for the Extract added HAp
nanoparticles.

References

1. Detsch R, Hagmeyer D, Neumann M, Schaefer S, Vortkamp A, Wuelling M, et al. “The
resorption of nanocrystalline calcium phosphates by osteoclast-like cells”. Acta Biomater
2010; 6(8): 3223 - 33.

2. Jimbo R, Coelho P G, Bryington M, Baldassarri M, Tovar N, Currie F, et al. “Nano
hydroxyapatite-coated implants improve bonenanomechanical properties”. J Dent Res
2012; 91(12): 1172 - 7.

3. Mendes V C, Moineddin R, Davies J E. “The effect of discrete calcium phosphate
nanocrystals on bone-bonding to titanium surfaces”. Biomaterials 2007; 28(32): 4748 -
55.

78



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

Synthesis of Cobalt-Oxide Nanoparticle using
Co-Precipitation Method

C. Nishitha, R. Jenisha, S. Sonia and S. J. Jenepha Mary*
Department of Physics, Holy Cross College (Autonomous), Nagercoil - 629004
Affiliated to Manonmaniam Sundaranar University, Tirunelveli - 627012
*Corresponding Author - Email: jenephaashok@gmail.com

ABSTRACT

In the present study, cobalt oxide (Co3z04) nanoparticles have been synthesized using
cobalt nitrate as its source by precipitation approach. The structural properties of the
synthesized Co0304 nanoparticles were studied using X-ray diffraction (XRD). The XRD
results confirm the crystalline nature of the nanoparticles. Further, scanning electron
microscopy (SEM) was also performed to study the morphology of the synthesized
Co304 nanoparticles. SEM micrograph shows that the CosO4 nanoparticles are somewhat
agglomerated sphere morphology.

Keywords: Co-Precipitation process, Co304 nanoparticle, FESEM.

1.  Introduction

Syntheses and applications of metal and metal oxide nanoparticles have found paramount
interest because of their unique properties due to their structure, dimension, morphology and
size. Generally, transition metal oxides Co;O, have been getting greater attention for
electrochemical capacitor and sensor applications. Cobalt oxide (Co30,), one of the transition
metal groups metal oxide nanomaterials, is a good significant substance due to its exceptional
characteristics and thermal permanence [1]. Characteristics as semiconducting, magnetic,
optical, electrochemical, and electro-catalytic, cobalt oxide nanoparticles are widely used in
heterogeneous catalysts, chemical sensors, photocatalytic hydrogen production,
electrochromic devices, and energy storage systems [2,3]. Their enormous surface area and
strong conductivity due to their nanoparticle size make them appropriate for catalysis. The
cobalt oxide nanoparticles' high reversibility and ease of charge transfer during charging and
discharging improve the device's performance [4]. Co-precipitation is a simple procedure that
increases the size of nanoparticles while also controlling their development. The co-
precipitation approach was used in this study to combine cobalt oxide nanoparticles for the
purpose of electrochemicallydetecting blood cholesterol [5,6]. To the synthesis of cobalt
oxide nanoparticles by simple chemical preparation method. The novelty of the work is the

aqueous solution ammonium hydroxide is used for the synthesis process. Further the
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structural, optical and morphological properties of the nanoparticles were analyzed using the
characterization.
2. Experimental method

In the present work co-preparation process has been employed to synthesize cobalt
oxide nanoparticles. 0.1M of cobalt chloride was added to 30ml of DI water. After that 30ml
of ammonia hydroxide was mixed with 20ml of DI water. The ammonia solution was drop
wise added to the transparent solution to rise the PH value 12. Then the solution was 30min
of stirring and mixing. Then mixture was precipitate for 48hours. After that the precipitate
was kept in oven at 90°C. The sample was finely ground into powder. Then, the sample was
muffled at 500°C 2hr [7]. Finally, white powder is obtained.
3. Results and Discussion
3.1. XRD Analysis

The powder X-ray diffraction of the pure cobalt oxide nanoparticles is depicted in
Fig.1. The intensity peaks observed at (111), (220) and (222) corresponding to 2e =16.1778°,
26 =31.8834° and 26 =39.1018. The 2 values obtained from PXRD data of the as-prepared
pure cobalt nanoparticles matched well with that of the JCPDS File No 42 - 1467. It is
confirmed that the synthesized pure cobalt oxide nanoparticles exhibit a cubic structure. The
sharp PXRD peaks clearly indicate the crystalline nature of the synthesized pure cobalt oxide
Nano powder sample. The h k | and relative intensity values of pure cobalt oxide

nanoparticles are presented.

- JCPDS:42-1467

Mf WU

(220

222)

(

Intensity (arb.units)

0 -

104 f\J\

o T T
10 20 3

XRD pattern of pure Co3Oa4

Position FWHM d-spacing | JCPDS file | (hkl) Relative
20 (degree) (degree) (A) 20 (degree) Intersity(%)
16.1778 0.3549 5.47892 5.47821 111 75.60
31.8834 0.4723 2.80688 2.80731 220 45.79
39.1018 0.4723 2.30375 2.31814 333 56.40

Table 1. Comparison of standard and observed d-spacing value
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3.2. UV-Vis Absorbance Spectroscopy

To characterize the absorption properties of the synthesized samples, UV-Vis
absorption spectrophotometer was used at a scan speed of 400 nm/min in the range of 200 am
to 1000 nm. The transition of electrons between the valance band, conduction band, and
inherent defect levels is responsible for the peaks seen in the absorption spectra. This is
Co304 distinctive absorption peak. This is explained by CosO4 inherent band-gap absorption.
When visible particle size increases Absorption rises. The rise in oxygen vacancies could be
the cause of this. Thereafter initializing the spectrometer with a glass and plate, the sample is
attached for recording. Both absorption and transmittance. The pure Coz0s nanoparticles'
manufactured absorbance spectra are displayed in which has a maximum peak located at 297

nm.

(205nmy-— " 7 R ‘ L

T T T T
200 400 600 800 1000

Wavelength (nm)

Fig.2 Optical absorbance spectra of pure CO30,4 nanoparticles

3.3. Fourier Transform Infared Spectroscopy

In practical applications, FTIR investigations aid in the analysis of potential bonding
between adjacent structures. The spectroscopy that studies light with a longer wavelength and
lower frequency than visible light, or the infrared section of the electromagnetic spectrum, is
called Fourier transform infrared Spectroscopy. In comparison to their bulk counterpart,
nanoparticles have a greater surface volume to ratio (also known as aspect ratio) as more
molecules or atoms are placed on the nanoparticles surface.in order to rapidly determine
whether the different modes included in CO304 nanoparticles are present or not. Using dry
KBr as a standard reference, infrared spectra were acquired on an FTIR spectrometer within
the 4000-500 cm-1 range. Below1500 cm-1, metal oxide typically produces absorption bands.

FTIR analysis confirms the characteristics of nanoparticles. The observed peak wave
number of the frequency group are shown in the following table. The band
3316.60 cm~1corresponds to the vibration of hydroxyl group. The band at 800 cm™!

corresponds to the presence of cobalt oxide nanoparticles [8].
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Cobalt Oxide

Tranmittance(%)

Wavenumber(cm(-1))

Fig 3. FTIR spectrum for as prepared CosO4 nanoparticle

3.4. SEM Analysis

SEM Scanning electron microscopy (SEM) is widely used to study the size and
morphology of the synthesized sample. SEM is based on a focused beam of electrons that
scan the sample, which interacts with the atoms in the sample to provide three-dimensional
surface topography. However, conventional SEM is performed under high vacuum and
requires complex and extensive sample processing, including dehydration, fixation and
metallization. SEM images of co-precipitation prepared samples are shown in figure.
Nanostructures with various size and shape are obtained under different reaction parameters.
It is observed that reaction temperature and duration influence morphology very much and
hence the structural properties of nanoparticles. From the SEM images for synthesized at

0.1. C05;0, nanoparticles are mostly in sphere shape [9].

Fig.4 SEM images of ZnO particles synthesized using C05;0,at concentrations of 0.1 M

Conclusion

In the present work, nanoparticles of Cobalt oxide were synthesized by a simple Co-
precipitation method. The precursors used in the synthesis process were Cobalt chloride and
Ammonium hydroxide. The preparation process is faster, cheaper and cost effective. The
following conclusions are made from the result of this work. From the XRD characterization,
it is observed that the both cobalt oxide nanoparticles belong to cubic structure. Phase
identification was carried out using XRD analysis. The average particles size was calculated
from the W-H plot and the Scherer's formula. The peaks that were acquired line up with

standard file JCPDS file number: 42-1467. The average particle grain size, D = 0.18888 X
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10~° nm, and the dislocation density, § = 0.0002957 X 10 lines/m2, are determined. Along

the (111) plane, every particle has a preferred orientation. The absorbance of the as-prepared

sample was examined using UV characterization, and it was found that the optical band GAB
had an absorbance of 0.92 (arbitrary unit) with a maximum peak at 356 nm.

The optical properties of the prepared nanoparticles were analyzedusing UV-Vis
spectrophotometer. All the three prepared nanoparticle shows lower absorbance percentage
which confirms that the nanoparticles have higher transmittance. The calculated band gap
proves that cobalt oxide nanoparticles are semiconductor. The fact that the nanoparticlesare
agglomerated to form spherical-shaped particles in the SEM analysis.
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ABSTRACT

Metal complexes of Zn (1) and Mn (1) ions with Schiff base ligand derived from the
condensation of Glutaraldehyde with L-alanine were prepared. The ligand and complexes
were isolated from the reaction in the solid form and characterized by elemental analyses,
magnetic susceptibility measurements, molar conductance data, IR, UV-Vis, 'H-NMR
spectral studies, X-ray diffraction study, SEM analysis and thermal studies. During
complexation reaction with transition metal ions Schiff base act as a deprotonated bidentate
ligand and IR spectra showed that N and O atoms are coordinated to the central metal atom.
The observed values confirmed that the complexes have octahedral geometry. The Schiff base
and its metal complexes have been found to have moderate to strong antimicrobial activity.

Keywords: Schiff base ligand, Metal complex, Spectral studies, Antimicrobial activity

1. Introduction

Schiff bases are referred to as compounds featuring an azomethine group (-HC=N-),
resulting from the condensation reaction between a primary amine and an aldehyde or ketone
under specific conditions [1]. These bases serve as nitrogen analogues of aldehydes or
ketones, wherein the active carbonyl group (-C=0) is replaced by an imine or azomethine
group. Functioning as crucial N, O donor chelating ligands [2], Schiff bases prove invaluable
as chelating agents, with the potential for coordination with either the carbonyl compound,
the amine, or both, especially when containing coordinating functional groups near the
condensation site. Schiff bases find extensive utility across diverse domains, serving as
pigments, dyes, catalysts, intermediates in organic synthesis, and even as polymer stabilizers
[3]. The incorporation of metals in the form of complexes enhances their potential,
contributing to antibacterial, antifungal, antitumor, anticancer, and anti-inflammatory
activities [4]. In vivo investigations have revealed that certain biologically active compounds
may exhibit increased carcinostatic and bacteriostatic properties through chelation [5,6].
Given the biological importance of metals, we hereby present the synthesis and
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characterization of a novel Schiff base ligand derived from Glutaraldehyde and L-alanine,
along with its complexes with Zn (I1) and Mn (11).

2. Experimental Methods

2.1 Chemicals

Reagents such as Glutaraldehyde, L-alanine, metal (I1) chloride and nitrate were of
Merck products. The solvents were purified by standard methods [7].

2.2 Synthesis of Schiff base ligands

The synthesis of Schiff base ligands involved the reaction of Glutaraldehyde with L-
alanine in a 1:2 molar ratio, conducted through refluxing in distilled methanol. The refluxing
process extended for one hour, and the reactions were monitored intermittently using TLC
until completion. Following this, the solvent was partially evaporated, resulting in yellowish
mass products. These products were precipitated by cooling, filtered, washed with distilled
water, dried, subjected to recrystallization, and ultimately stored in desiccators.

2.3 Synthesis of Schiff base transition metal complex

Metal (1) chloride and nitrate were dissolved in 200 cm?® of methanol. The filtrated
solutions were gradually introduced drop by drop into 20 cm?® methanol solutions containing
the Schiff base ligands. The resulting mixtures underwent refluxing and stirring for a duration
of 8 hours. Following the reflux process, the solution volumes were reduced to one third, and
the concentrates were cooled at 0°C. The formed complexes were precipitated, filtered,
thoroughly washed with cold ethanol multiple times, and then dried under vacuum conditions
using anhydrous CaCly.

3. Results and Discussion
3.1. Physical Properties and Elemental Analyses:

The physical properties and results obtained from C.H.N. analyses and metal contents
of the prepared compounds are presented in Table 1. The metal complexes were formed in
1:1 stoichiometric ratio and were normally stable at room temperature and hygroscopic in
nature. The Schiff base ligands formed were soluble in common organic solvents like ethanol
and methanol. The corresponding complexeswere soluble in DMSO. The Zn (11) and Mn (I1)

complexes were non-electrolytic in nature.
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Table 1 Analytical and physiochemical data of Schiff bases and its metal complex

Ligand/ Empirical Colour | M:L Molar Elemental analysis %

Metal Formula ratio | Cond. Found (calculated)

Chelate (Ohm™

cm?mol!)| C |H N M
HGlu(ala)z | Ci11H22N20e Yellow - - 67.89 | 9.6 8.6 -
(65.78) | (8.8) | (9.3)

ZnGlu(ala)z | C11H22N206Zn Pale 1:1 0.062 51.89 |6.29 7.98 | 17.98

2H20 Yellow (52.68) | (6.49) | (8.19) | (18.58)
MnGlu(ala) | C11H22N20eMn |  Brown 1:1 0.071 53.67 |6.98 7.65 | 17.55

2.2H20 (52.99) | (6.80) | (8.10) | (18.06)

3.2 UV-Visible Spectra

UV-Visible spectra are valuable for assessing structural information complementing
other investigative methods [8]. In the electronic spectrum of Schiff base ligands', intense
bands at 275 nm and 280 nm indicated the m - ©* transition of the C=N chromophore.
Complexation resulted in a shift to lower wavelengths at 235 nm and 250 nm, signifying the
coordination of azomethine nitrogen with metal ions. Additional transitions at 337 nm and
348 nm were attributed to n - «* transitions. Notably, weak bands at 400-500 nm in the UV-
Vis spectra represented charge transfer bands unique to the complex, absent in the ligands.
Meanwhile, weak broad bands at 500-600 nm were indicative of d-d transitions specific to
the Mn (1) ion. Electronic and magnetic moment values provided insights into the geometry
of the newly synthesized metal complexes.

Magnetic susceptibility measurements are instrumental in anticipating the metal
complex’'s potential geometry [9]. For the Mn (II) complex, the octahedral geometry is
characterized by a magnetic moment of 5.97 BM, configurations of d° stereochemistry as
octahedral, hybrid orbitals as sp3d?, 5 unpaired electrons, and an anticipated value of 6.00
BM. The magnetic moment value offers crucial insights into the complex's composition and
structure, falling within the anticipated range for octahedral complexes. Notably, Zn (1)
complex lack d-d transitions in their electronic spectra and exhibit the expected diamagnetic
behavior.

3.3 Infrared spectra

Infrared spectra (IR) play a crucial role in discerning coordination sites, especially in

Schiff base complexes with multidentate ligands. These spectra offer valuable insights into

the nature of functional groups attached to the metal ion [10]. By comparing the IR spectra of
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the complexes with those of the free Schiff base ligand, we can identify the coordination sites
involved in the chelation process. The ligands' IR spectra reveal a broad band in the 3200-
3500 cmrange, indicative of intramolecular hydrogen-bonded -OH groups. The presence of
this peak in the complex spectra suggests the involvement of -OH groups in the complexation
process. The spectrum of the ligands showed —C=N band in the region of 1654 - 1660 cm™
which was shifted to lower frequency in the spectra of the corresponding metal complex
indicating the involvement of —C=N nitrogen in coordination to the metal ions. Accordingly,
the ligands act as a tetradentate chelating agent, bonded to the metal ion through the four
nitrogen atoms of the Schiff base. Assignment of the proposed coordination sites were further
supported by their appearance of medium bands at 550 - 450 cm™ which could be attributed
to M-N respectively. In addition, the metal complexes showedbands at 565 - 575 cm™ that
was attributed to M-O frequency. The IR spectra of the synthesized Schiff base complexes

are given in Fig land 2.

Fig 1land 2: IR Spectra of ZnGlu(ala)z. 2H2and MnGlu(ala)z. 2H20 Schiff base
complexes

3.4'H NMR Spectra

The *H NMR spectrum of the ligand H Glu(ala)zrecorded in DMSO solution shows a
multiplet at 2.5, 2.3, 1.6 and 1.8 ppm due to the methyl protons. Further more, the *H NMR
Spectrum of the Schiff base complexes ZnGlu(ala)2.2H.0 and MnGlu(ala)..2H>0 exhibited
signals at 8.4 ,8.8, 8.1, 8.7 ppmand 7.8, 7.9, 7.5, 7.4 ppm, that is attributable to CH=N- and
—NH protons respectively. The azomethine proton signal in the spectrum of the
corresponding complexes are shifted downfield compared to the free ligands, suggesting the
deshielding of the azomethine group due to the coordination with the metal ions. There are no
appreciable change in all other signals of the complexes.
3.5 Powder XRD Study

The powder XRD shows that ZnGlu(ala)..2H20 and MnGlu(ala)2.2H.O complexes
has the crystallite size of 41 nm and 46 nm suggesting the microcrystalline nature. The

powder XRD pattern of the M(Il) Schiff base complexesare given in Fig 3 and 4.
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Fig. 3 and 4: Powder XRD pattern of the ZnGlu(ala)z. 2H20
and MnGlu(ala)z2. 2H20 complexes

3.6 Scanning Electron Microscope

Scanning electron micrographs provided insights into the morphology of Schiff base
ligands and their respective metal complexes. Captured at 20 kV accelerating voltage,
magnification ranged from 150x to 1000x. Notably, macroscopic phase separation in the
dense layer was evident, featuring void spaces with a domain size of about 100um across all
systems, a consequence of macroscopic phase separation [11]. The ligands exhibited a
spongy and soft surface with pronounced phase separation, which diminished upon complex
formation. Introduction of metal ions further reduced sponginess and softness, aligning with
previous observations on decreased phase separation and surface softness upon complexation
[12]. SEM images underscored a notable change in the Schiff base's morphology upon

complexation, as depicted in Fig.5 and 6.
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Fig.5 and 6: SEM images of ZnGlu(ala)z. 2H20 and MnGlu(ala)z. 2H20 complexes
3.7 Thermal analysis
In this study, thermogravimetric analysis (TG) and differential thermal analysis
(DTA) were employed. TG analyses of Zn(Il) and Mn(ll) complexes were conducted from
room temperature to 900°C, displaying a consistent pattern with comparable calculated and
experimental mass losses. The weight loss between 117-207°C, representing the loss of two
coordinated water molecules, showed an experimental mass loss of 2.35-2.55% across the

complexes, aligning with the calculated value of 2.86%. This temperature range for water
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loss indicates strong bonding between water molecules and the metal ion, a characteristic
thermal behavior of coordinated water molecules [13]. From 197°C to 463°C, a significant
weight decrease indicated the loss of fragments from two Schiff base molecules in the
complexes, with experimental mass losses of 46.32-48.32%. In the final stage (453-605°C),
both decomposition products and a black residue were eliminated, with experimental mass
losses of 31.75-32.75% for the complexes. Chemical analysis of the black residue confirmed
the presence of metallic oxide. In summary, TG experiments provided insights into the
anhydrous nature of complex species, validating their compositions suggested by analytical
data.
3.8. Antimicrobial Study

Qualitative assessment of susceptibility spectra for various microbial strains to newly
synthesized compounds revealed significant antimicrobial effects, evidenced by the presence
of a growth inhibition zone (Table 2). All tested compounds demonstrated superior
antimicrobial activity, as indicated by larger inhibition zones compared to DMSO alone and
the ligand. Notably, the MnGlu(ala)..2H>O complex exhibited the lowest antimicrobial
spectrum, while the ZnGlu(ala)2.2H20 complex displayed the largest inhibition zones,
proving effective against all tested microbial strains. Tweedy’s chelation theory [14] provides
insight into the enhanced antimicrobial activity of the metal complexes.

Table 2 Antimicrobial activities of Schiff base ligands and its complexes by disc
diffusion method (Zone inhibition in mm)

Microbial Species
Compound E.coli | S.aureus | Kleb.sps | A.niger | A.fumigates | Candi.sps
Control 24 22 25 20 20 30
HClu(ala)2 5 6 35 25 45 5
ZnGlu(ala)2.2H20 13.6 17.9 15.9 14 155 18
MnGlu(ala)2.2H20 | 10 9 8.5 9.5 10.5 9

Based on the spectral and analytical data,the structure of the synthesized compounds Where

Hs th CH3
O
o7 C\o T\O/C\\o

OH,

M is Zn or Mn are given below.

Fig 8. Structure of HGlu(ala)2 complexes
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4. Conclusion

The metal () complexes synthesized from the Schiff base derived from the
condensation of Glutaraldehyde with L-alanine were characterized by different physio-
chemical and spectral methods. IR spectra analysis revealed the ligand's bidentate
coordination in the complexes. Electronic spectra and magnetic measurements suggested an
octahedral geometry for Mn (11) and Zn (1) complexes. Biological activity results indicated
that the newly synthesized complexes exhibited enhanced antimicrobial activity against
bacteria and fungi compared to both the ligand and the included antibiotic. These findings
suggest the potential use of these complexes in the development of novel antimicrobial
materials.
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ABSTRACT

Cobalt oxide Nanoparticles (NPs) find applications in the synthesis of lithium-ion
batteries, pigments and dyes, electronic thin film, capacitors, gas sensors and heterogeneous
catalysis. Hence, they are synthesised on a large scale. However, the synthesis using
chemical methods pollute the environment and leads to environmental degradation. Green
synthesis of cobalt oxide NPs using medicinal plant extracts are environmental friendly,
cheaper and involves only less number of steps. Ethanolic extracts of Cassia occidentalis
leaves are used as green reducing agents for synthesising cobalt oxide NPs from cobalt
chloride salt.The FT-IR spectrum proved the formation of cobalt oxide NPs. XRD patterns
showed that the NPs synthesised are crystalline and cubic in nature. Antibacterial activity
was studied bydisc diffusion method using standard amikacin against S.aureus and
P.aeruginosa. The results proved that the NPs produced possess good antibacterial activity.

Keywords: Anti-inflammatory, Cassia occidentalis (C. occidentalis), detoxify, hepato-
protective, XRD.

1. Introduction
NPs possess varied applications in human life. Hence, they are synthesised

enormously. Different methods are available in the literature for the synthesis of NPs but,
other than green methods, all are expensive and liberates large amount of toxic pollutants
leading to environmental pollution. Diverse types of NPs can be synthesised using green
technology. The reactions are carried out in one step. Similarly, chemical methods are used to
synthesize NPs by electro deposition, sol-gel process, chemical solution deposition, chemical
vapour deposition soft chemical method, Langmuir Blodgett method, catalytic route,
hydrolysis co-precipitation method and wet chemical method. Chemical and physical
methods use high radiation, highly concentrated reductants and stabilizing agents that are
harmful for the environment and human health. Hence, biological synthesis of NPs is a single
step bio-reduction method and less energy is used to synthesize in an eco-friendly way. In
general, green nano-biotechnology means synthesizing NPs using biological routes such as
those involving microorganisms, plants, and viruses or their byproducts, such as proteins and

lipids, with the help of various biotechnological tools. For example, green techniques
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eliminate the use of expensive chemicals, consume less energy, and generate environmentally
benign products and by products [1].

C. occidentalis is a medicinal plant widely distributed in Kanyakumari district. It has
antibacterial, antidiabetic, anti-inflammatory, anti-cancerous, anti-mutagenic,
hepatoprotective activity. It also plays a major role as a green reducing agent. Henceit is
selected as a source for green reducing agent.

2. Materials and methods
2.1 Materials
C. occidentalis plant leaves were collected from Kurusady Village, Nagercoil,

Kanyakumari District. Ethyl alcohol and analar Cobalt (II) chloride hexa hydrate were

purchased from Merck, India. Deionised water was used in the entire study.

. »T
ey

Fig.1. C. occidentalis

Table .1 Details of plants selected for the study

Plant Cassia occidentalis

Classification Kingdom: Plantae
Order: Fabales
Family: Fabaceae

Origin Tropical and subtropical regions of America

Cultivation Asia, Africa, North and Central America and Caribbean

Phlobatannins, anthroquinone, saponins, terpenes, resins, balsams,
Phytochemicals | amino acids and cardiac glycosides [2] Achrosin, aloe-emodin,
emodin, anthrones, apigenin, apigenin, quercetin, rhamnosides, rhein
and rubrofusarin [3]

Medicinal uses | Leprosy & diabetes [4] laxative & purgative, inflammation and
rheumatism, liver diseases [6] haematuria, rheumatism, typhoid,
asthma and disorders of haemoglobin [7].
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2.2 Preparation of plant extract

The leaves of C. occidentalis were collected in the month of November. Fresh and
healthy plants free from contaminants were collected, washed thoroughly in water, allowed to
drain and shade dried forl5 days. Only the leaves of the plant were used for the study. The
dried leaves were powdered and extracted using Soxhlet extractor using ethyl alcohol as the
solvent. The chemical composition of the extracts was analysed using FT-IR spectroscopy.
2.3 Synthesis of metal oxide NPs

The cobalt oxide NPs required for the study was reduced to nanosized cobalt oxide
particles from cobalt chloride salts by using the ethanolic extract of C. occidentalis as green
reducing agent.

20g of analar Cobalt (II) chloride hexa hydrate was mixed with 10 mL of C.
occidentalis extract. The resulting solution was heated to 80°C with continuous stirring using
a magnetic stirrer for one hour and thirty minutes [8]. The formation of cobalt oxide NPs was
indicated by a grey colour. The cobalt oxide NPs formed were centrifuged and dried, calcined
at 800°C in a muffle furnace and packed in an air tight container.
2.4 Antibacterial assay

In vitro antibacterial assay was carried out by standard disc diffusion technique [9].
Whatman No.1 filter paper discs (6 mm diameter) were impregnated separately with
ethanolic extracts of plant leaves and metal oxide NPs.The impregnated discs were placed in
Muller Hinton agar plates seeded with test bacterial cultures. A positive control of a standard
antibiotic (Amikacin) disc and also sterile disc as a negative control were placed on the same
plate. After incubation at 37°C for 24 hours, antibacterial activity was determined based on
the diameter of the zone of inhibition.
3. Results and discussion
3.1 FT-IR spectrum of C. occidentalis

The FT-IR spectrum of ethanolic extract of C. occidentalis (Fig.2) showed a strong
broad stretching band at 3320 cm™ which may be ascertained to the stretching of H-bonded -
OH of alcohol. The strong stretching bands observed at 2975 cm™ and 2881cm™ may be due
to C-H stretching. Stretching observed at 1651 cm™ may be due to C=C of alkene. The band
at 1377 cm™ may be due to -C-H bending of alkane. CN stretching of amine was observed at
1326 cm™ and 1081 cm™. The strong band at 1045 cm™ may be due to C-F stretching of alkyl
halide. The strong band at 881 cm™ may be due to C-ClI stretching. Strong C-H bending of
alkene was observed at 621 cm™. Similar results for FT-IR spectrum of C. occidentalisis
reported in the literature [10].
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Fig. 2. FT-IR spectrum of C. occidentalis ethanolic extract
The FT-IR absorption frequencies and the functional groups identified are given in Table 2.
Table 2. FT-IR absorption frequencies of C. occidentalis ethanolic extract

Plant extract Absorption range Functional groups

3320 Strong, broad — stretching of H- bonded O-H bond
2975, 2881 Strong stretching of C-H bond
1651 C=C stretching of alkene
C. 1377 -C-H bending of alkane

occidentalis 1326, 1081 -CN stretching of amine
1045 Strong, C-F stretching of alkyl halide
881 Strong, C-Cl stretching
621 Strong, =C-H bending of alkene

3.2 FT-IR spectrum of cobalt oxide NPs C. occidentalis from extract

Table 3. shows the absorption frequencies and the responsible functional groups identified in
the ethanolic extract of C. occidentalis.

Table 3. FT-IR absorption frequencies of cobalt oxide NPs from C. occidentalis

ethanolic extract

Wave number (cm?) Responsible group
3696, 3680, 3647, 3608, | Sharp strong -OH stretching of free
3589, 3556 -OH of alcohol
3354, 3230 Strong broad band stretching of H-

bonded alcoholic -OH or NH of amide or

amine

95




ISSN 0976-5417

Cross Res.: December 2023

Vol. 14 No. 2

2960, 2924 Strong stretching of -CH of alkane
1793, 1767, 1738 Strong stretching of C=0 group of
carbony
1705 Strong CO stretching of acid
1533, 1510, 1464, 1421 | Multiple bands aromatic C=C stretching
1366 Bending of C-H of alkane
1340, 1311, 1240, 1171 | Medium -CN stretching
944 Band =C-H bending of alkene
754,710 Strong band -CCl stretching of alkyl
halide
672, 577 Stretching vibrations in Co?*

3.3 XRD of cobalt oxide NPs from C.

occidentalis

The XRD pattern of cobalt oxide NPs synthesised using the ethanolic extract of C.

occidentalis (Fig.3) does not show very sharp diffraction peaks. Few peaks corresponding to
26 values 16.04°(101), 18.45° (110), 20.86° (110), 25.39° (111), 30.54° (111), 33.16° (101),
35.07° (101), 37.98° (110), 41.05° (110) and 43.80° (101) were observed. The crystal
possessed Co304 lattice with cubic structure according to JCPDS file no. 65-3103. Using

debye-Scherrer equation, the crystalline size of the NPs was found to be 73.14 nm. XRD

pattern suggested that the cobalt oxide NPs synthesised were not well crystalline.
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Fig. 3. XRD of cobalt oxide NPs from C. occidentalis

3.4 Antibacterial assay

The zones of inhibition produced by C. occidentalis and cobalt oxide NPs are given

below.
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Fig.4. Zones of inhibition 11- C. occidentalis 36 - cobalt oxide NPs
Table 4. Zone of inhibition

Extract / metal Zone of inhibition (mm)
oxide P. aeruginosa Control S. aureus Control
Amikacin Amikacin
C. occidentalis 9 20 15 13
Nano cobalt 25 - 28 19
oxide

P. aeruginosa was treated against C. occidentalis. The zone of inhibition observed was 9mm
whereas the control showed 20 mm inhibition. The antibacterial activity against S. aureus
was greater than the control. Hence it is very effective against S. aureus. Nano cobalt oxide
NPs is found to have very good antibacterial activity against both P. aeruginosa and S.
aureus.
4. Conclusion

C. occidentalis ethanolic extract act as a good green reducing agent in the synthesis of
cobalt oxide NPs. The cobalt oxide NPs are found to be in cubic crystal system. Both C.
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occidentalis and Nano cobalt oxide NPs show good antibacterial activity against both P.

aeruginosa and S. aureus.
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ABSTRACT

Aldimines are compounds containing azomethine group (-HC=N) and it represents a
category of molecules crucial in pharmaceuticals and medicine. Traditional approaches for
the synthesis of aldimines require extended reaction durations and employment of organic
solvents. The aim of the present studyis to analyse the antioxidant and antidiabetic potentials
of aldiminesynthesised from vanillin and anilineusing Malpighia Emarginatafruit extract.
The aldimine synthesised from Malpighia Emarginata fruit extractis characterized by UV-
Visible and FT-IR spectral techniques. The antioxidant activity of synthesised aldimines is
determined using 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay
method and the ICso value is found to be 769.23 ug/mL. The in vitro antidiabetic activity of
the synthesised aldimine is determined by alpha glucosidase inhibition assay method and the
ICs0 value is found to be 205.36 ug/mL.Theobtained results revealed that the synthesised
aldimine shows slight antioxidant and antidiabetic activity. Thus, the biological activities of
the synthesised aldimines will trigger more interest in the synthesis of these types of
compounds from the easily available starting materials.

Keywords: Solvent-free synthesis, Malpighia emarginataextract, Aldimine, Antioxidant
activity, Antidiabetic activity

1. Introduction

Green Chemistry also known as sustainable chemistry, is the branch of chemistry that
deals with the design and optimization of processes and products in order to lower, or remove
altogetherthe production and use of toxic substances. This technique involves as an
alternative reaction media to replace hazardous and expensive solvents routinely used in
organic synthesis [1]. Organic reactions under solvent-free conditions have gainedpopularity
in recent years, since the majority of solvents are either toxic or flammable and add
considerably to the cost of an overall synthesis. Solvent-free conditions can be applied to
various organic reactions, including condensation, cyclization, oxidation, and reduction
reactions, showcasing versatility across different chemical transformations. These solvent-

free reactions usually need shorter reaction time, simpler and more efficient work up
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procedures, more improved selectivity’s and easier separations and purifications than
conventional solvents [2].

Aldimines are important intermediates for the synthesis of various bioactive products
and they are used as fundamental materials for the synthesis of various Schiff base ligands
which are used as chiral auxiliaries in asymmetric synthesis [3]. Aldimines have been
reported to show a variety of biological actions by virtue of the azomethine linkage, which is
responsible for various antibacterial, antifungal, herbicidal and clinical activities [4,5]. The
conventional methods for the synthesis of aldimines produce hazardous waste, took long time
and produce very low vyield [6]. Therefore, modification of synthetic method using green
techniques viz solvent-free approach and grindstone methods are used to maximize the yield
production [7]. Recently fruit juice is known to be a potential organic solventfor the synthesis
of compounds of pharmaceutical interest [8]. Fruit juice is being used on regular basis in
various organic transformation reactions [9]. The widespread applications of different fruit
juices are due to their non-toxic, safe, inexpensive and environmentally benign nature.
Bioactive compounds like enzymes, polyphenols, vitamins, and carotenoids can be extracted
from fruit and vegetables waste and are potentially utilized for the synthesis of organic
compound [10].

Based on the literature survey, the present work focusses on the solvent free synthesis
of aldimine from vanillin andaniline using Malpighiaemarginata fruit extract. The Malpighia
emarginatafruits are rich in vitamin C, carotenes, thiamine, riboflavin, niacin, proteins and
mineral salts, mainly iron, calcium and phosphorous [11]. The Malpighia emarginatafruit is
one of the best natural sources of vitamin C than other fruits like guava, cashew, orange, and
lemon [12]. The fruits are considered as beneficial against liver problems, diarrhoea,
dysentery, cough and cold. The aldimine synthesised from Malpighia emarginatafruit extract
is characterized by UV-Visible and FT-IR spectral techniques. The synthesised
aldimineshows slight antioxidant and antidiabetic activities.

2. Materials and Methods

Fresh and ripened Malpighia emarginatafruit were collected from the college campus.
Vanillin and anilineused for the synthesis of aldimine were procured from Merck. Double-
distilled deionized water was used for the preparation of the Malpighia emarginatafruit
extract. Analytically graded ethanol was used for the recrystallisation of the synthesized

product.
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2.1. Preparation of Malpighia emarginata extract

Fresh and ripened Malpighia emarginata fruit was used for the preparation of the
extract. 25 g of fresh ripened fruit was taken and washed thoroughly with double-distilled
deionized water. The fruit was grinded using pestle and mortar. The resulting extract was
filtered using Whatman filter paper and the filtrate was collected and then centrifuged for
about 8000 rpm for about 10 minutes. The supernatant extract was collected and used for the
synthesis of aldimine.
2.2 Synthesis of aldimine from Malpighia emarginata extract

Equimolar amount of vanillin (0.1 mol) and aniline (0.1 mol) were taken in a clean
beaker. About 2 mL of Malpighia emarginata extract was added to the mixture and stirred
well at room temperature. The pale-yellow precipitate was formed immediately after the
addition of the fruit extract. The corresponding aldimine obtained was washed well with

distilled water and purified with minimum amount of ethanol (Scheme 1).

HO
HO P .
Malpighia Emarginata Extract
AN /
~ ¥ 0 O

O

Scheme 1 Synthesis of aldimine from vanillin and aniline

2.3 Characterization Techniques

The absorption spectral measurement of the synthesised aldimine was carried out
using Shimadzu UV-1800 spectrophotometer. FT-IR analysis of the synthesised
compoundwas carried out through the potassium bromide (KBr) pellet (FTIR grade) method
in 1:100 ratio and the spectrum were recorded using Shimadzu IR Affinity.
2.4 Antioxidant activity

The antioxidant activity of the synthesised aldiminewas determined by 2,2-Diphenyl-
1-picrylhydrazyl (DPPH) free radical scavenging assay method. For DPPH assay the ascorbic
acid was used as reference standard. The ascorbic acid stock solution was prepared in
distilled water (1 mg/mL; w/v). 60 uM solution of DPPH in methanol was freshly prepared
and200 pL of this solution was mixed with 50 uL of test sample at various concentrations
(1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200, 400, 800 and 1000 pg/mL). The plates were kept in
the dark for 15 min at room temperature and the decrease in absorbance was measured at 515
nm. Control was prepared with DPPH solution only, without any extract or ascorbic acid.
95% methanol was used as blank.

% of Inhibition = [(Abs of control - Abs of test)/Abs of control] x 100
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The ICso valuewas determined from the plot of percentage inhibition versus log
inhibitor concentration andcalculated by non-linear regression analysis from the mean
inhibitory values.

2.5 Antidiabetic Activity

The antidiabetic activity of the synthesised aldiminewas determined using alpha
glucosidase inhibition assay method. About 400 uL of a-glucosidase (0.067 U/mL) was
preincubated with different concentrations of the aldimine for 30 min. Then 200 uL of
3.0 mM p-nitrophenyl glucopyranoside (pNPG) used as substrate dissolved in 0.1 M sodium
phosphate buffer (pH 6.9) was then added to start the reaction. The reaction mixture was
incubated at 37°C for 30 min and stopped by adding 2 mL of 0.1 M Na>COz. The alpha
glucosidase activity was determined by measuring the yellow-colourdp-nitro phenol released
from pNPG at 400 nm. The results were expressed as percentage of inhibition. Same
procedure was done with acarbose (1 mg/mL stock) which was used as standard.

Inhibitory activity (%) = (B-T/B-C) x 100

Where, B is the absorbance of blank. T is the absorbance in the presence of test
substance. C is the absorbance of control.
3. Results and Discussion

The role of Malpighia emarginata extract in the synthesis of biologically active
aldimine from vanillin andaniline is reported in this section. The synthesised aldimine is
characterized by UV-Visible and FT-IR spectral analysis. This solvent-free approach is non-
polluting and does not employ any toxic materials, quantifying it as a green approach for the
synthesis of aldimines.

3.1 Absorption Spectral Analysis

The formation of aldiminefrom vanillin andanilineusing Malpighia emarginata
extract is preliminary confirmed by UV-Visible spectrophotometric analysis. The aldimine
synthesised from vanillin andanilineshows absorption bands at 220, 232, 278 and 325 nm due
to m-n* and n-7* transitions (Fig. 1). The higher energy bandappearing at 278 nm is attributed
to m-m* transition of the azomethine group [13]. Thus, the absorption spectral data confirms
the formation of aldimine from vanillin and aniline.

3.2 FT-IR Spectral Analysis

The FT-IR spectrum of aldimine synthesised from vanillin andaniline using
Malpighia emarginataextract shows absorption bands 3526, 2924, 2853, 2742, 1674, 1587,
1288, 970, 923, 872, 816, 769, 714, 614 and 520 cm™ respectively (Fig. 2). The band at 3526
cmis due to O-H stretching of the hydroxyl group. The weak bands at 2924, 2853 and 2742
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cm™ are due to the C-H stretching of alkenes and aromatic system. The band at 1674 cm™ is
due to the presence of azomethine group, this indicates the formation of aldimine. The weak
band at 1587 cm™ is due to the stretching vibration of aromatic C=C bond. The band at 1288
is due to C-O cmstretching vibration of methoxy group. Aromatic C=C and aliphatic C-H
bending vibrations occur at 970, 923, 872, 816, 769, 714, 614 and 520 cm* respectively. The

FT-IR spectral data thus confirms the formation of aldimine from vanillin and aniline.
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Fig.1 Absorption spectrum of aldimine from vanillin and aniline
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Fig. 2 FT-IR spectrum of aldimine synthesised from vanillin and aniline

3.3 Antioxidant activity of Aldimine

The antioxidant activity of the synthesised aldimine at different concentrations are
determined and tabulated in Table 1. The synthesized aldimines produce lowfree radical
scavenging at all concentration ranges compared to ascorbic acid. The ICso value of aldimine
synthesised from vanillin and aniline is 769.23 ug/mL. The antioxidant potential measured by
DPPH free radical inhibition assay method reveals that the synthesised aldimine shows slight
activity than that of ascorbic acid. The antioxidant activity is stoichiometric with respect to
the number of hydrogen atoms absorbed. In the present investigation, the synthesised

aldimine donate only one proton for the stabilization of the DPPH free radical, while ascorbic
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acid has ability to donate its two protons to the DPPH radical to form a neutral compound,
dehydroascorbate [14]. Thus, the aldimine synthesised from vanillin and aniline shows slight
antioxidant activity and can be used as free radical scavenger.
3.4 Antidiabetic activity of Aldimine

The antidiabetic activity of the aldimine synthesised from vanillin and aniline at
different concentrations are determined and tabulated in Table 2. The synthesised aldimine
shows higher ICsp value, 205.36 pug/mL than that of the standard acarbose. Lower ICso value
reflects better antidiabetic activity. The synthesized aldimine produce lower antidiabetic
activity as compared to that of acarbose. Thus, the obtained results revealed that the aldimine
synthesised from vanillin and aniline show slight antidiabetic activity.

Table 1 Antioxidant activity of aldimine synthesised from vanillin and aniline

Concentration Absorbance at
(ng/mL) 515 nm % of Inhibition
0 0.8726 0
1.56 0.8467 2.97
3.12 0.8023 8.06
6.25 0.7525 13.77
12.5 0.6936 20.51
25 0.6475 25.80
50 0.6205 28.89
100 0.5695 34.74
200 0.5406 38.04
400 0.4905 43.79
800 0.4325 50.43
1000 0.4018 53.96
1Cs0 769.23 ng/mL

Table 2 Antidiabetic activity of aldimine synthesised from vanillin and aniline

Concentration Absorbance at 400 % of Inhibition
(ng/mL) nm
15 1.751 2.33
3.125 1.652 7.96
6.25 1.597 11.09
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12.5 1.518 15.59
25 1.362 24.46
50 1.302 27.87
100 1.202 33.56
1Cso 205.36 pg/mL

Conclusion
An eco-friendly route for the synthesis of aldimine form vanillin andaniline using

Malpighia emarginata extracthas been investigated. The aldimine synthesised from the
Malpighia emarginata extract is characterized by UV-Visible and FT-IR spectral analysis
techniques. The aldimine shows an absorption maximum at 278 nm, due to w - «* transition
of azomethine group. The FT-IR band at 1674cm™ is due to the presence of azomethine
group, this confirms the formation of aldimine. The antioxidant and antidiabetic activities of
the synthesised aldimine show slight activity than that of the control. This solvent-free
approach is non-polluting and does not employ any toxic materials, quantifying it as a green
approach for the synthesis of aldimines. The biological activity of this compound will trigger
more interest in thesynthesis of such compounds from the easilyavailable starting materials.
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ABSTRACT

Nanoparticles and nanomaterials can be prepared by bio-nanotechnology approaches
because they are economical and ecologically benign. The potential of the plant extract from
Cocos nucifera, to produce silver nanoparticles (Ag NPs) is confirmed by this work. The
presence of surface plasmon resonance at 290 nm confirmed the formation of silver
nanoparticles (Ag NPs). The crystalline nature of the nanoparticles was confirmed using
XRD studies. Scanning electron microscopy (SEM) pictures showed that the particles has
almost spherical form. Potential biomolecules accountable for the bio-reduction of silver ions
are found by Fourier-transform infrared (FTIR) spectroscopy. The biosynthesized Ag NPs'
microbial efficacy against Gram-positive, Gram-negative and fungal species is confirmed by
an antimicrobial assay.

Keywords: Green synthesis, Crystal violet, Organic dye, Antibacterial activity, Antifungal
activity

1. Introduction

Green chemistry approach to nanomaterials and nanoparticles preparation is an eco-
friendly, cost effective, and inexpensive method which employs environmentally benign
materials, biodegradable, non-toxic, and natural substances. Recently, studies on the
application of metal nanoparticles (particles with <100 nm) to fabrics are emerging rapidly
and gaining research interest [1-4] due to their high surface to volume ratio size dependent
properties and excellent biological activities as compared to bulk scale. Silver nanoparticles
have been recognized by several researchers due to their low toxicity to normal cells, broad
range of antimicrobial properties, and breakdown of organic dyes [1, 5]. The antimicrobial
properties of silver nanoparticles depend on their nanoscale dimension [6]. Silver
nanoparticles can be synthesized using the green chemistry method employing plant extracts
[7,8]. Furthermore, the study investigates the multifaceted applications of these green-
synthesized AgNPs using Cocos nuciferafiber extract. Their efficacy in dye degradation is
explored, showcasing their potential as catalysts for the removal of organic dyes from

aqueous solutions. The degradation process is monitored using various analytical techniques,
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shedding light on the efficiency and kinetics of the AgNPs-mediated degradation.
Additionally, the antimicrobial activity of the synthesized AgNPs is evaluated against a
spectrum of pathogenic microorganisms. The antimicrobial potential is assessed through
well-established methods, providing insights into the AgNPs' effectiveness in inhibiting the
growth of bacteria and fungi. This comprehensive study aims to contribute valuable insights
into the green synthesis of AgNPs, their thorough characterization, and their diverse
applications in environmental remediation and healthcare. The results presented underscore
the potential of these green-synthesized AgNPs as multifunctional nanomaterials with
promising prospects for sustainable and effective applications in various fields.
2. Materials and methods
2.1Materials

Analytical grade of Silver Nitrate and Crystal violetwere purchased from Merck. The
solvents used were of analytical grade.
2.2 Experimental method

0.1M Silver nitrate solution was prepared by taking 3.399 of silver nitrate and making
up to 200mLin a Standard Measuring Flask and was stored in the dark to prevent
photodecomposition reaction. For further synthesis of silver oxide nanoparticle about 100mL
of the above made-up solution is taken in a 250mLbeaker and add 20mLof Cocos nucifera
extract to this in dropwise. The mixture is shaken in a magnetic stirrer for about 24 hours for
the bio reduction process at room temperature. The Pale-yellow colour solution slowly
becomes brown colour. After 24 hours black precipitate is observed at the bottom which
indicates the formation of nanoparticles [9]. The precipitate obtained was dried at room
temperature and used for characterization
3. Results and Discussion
3.1 X-ray diffraction analysis

The Debye-Scherrer equation was utilized to computethe crystallite size using
equation:

D =KA/ BcosH

Where D, K, A, B and 0 corresponds to size of the crystallite, constant, X-ray
wavelength, FWHM value and diffraction angle, respectively [10]. This was shown in the
table 4.1. Hence, the average crystallite size of synthesized AgNPs is 43.52 nm and suggested

that the AgNPs is microcrystalline nature.
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Fig.1. XRD Spectrum of AgNPs

Table 1. XRD values of silver nanoparticles

Peak position FWHM D-Value
54.825 0.233 35.53
49.890 0.100 86.62
39.440 0.216 38,5
76.571 0.208 39.6
57.336 0.222 37.45
18.812 0.213 38.5
35.068 0.177 47.79
34.411 0.181 46.2
27.752 0.182 46.2
37.987 0.324 25.2
46.184 0.191 43.3
32.181 0.219 37.45

3.2 UV-Visible analysis of silver nanoparticles
Absorption Spectrum of the synthesized AgNPs have absorbance at 290nm,

broadening of peak indicated that the particles are poly dispersed.

Ag Nps (C. nucifera)

Absorbance

200 250 300 350
Wavelength (nm)

Fig. 2. UV-Vis spectrum of silver nanoparticles
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3.3 FT-IR analysis of Silver nanoparticles

The FT-IR spectrum of the synthesised AgNPs shows bands at 3392, 3230, 2920,
2860, 2372, 1745 and 1575 cm™ respectively (Fig. 3). It also confirms the bio reductionof
silver ions in the presence of Cocos nucifera husk extract.
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Fig.3 FT-IR Spectrum of AgNPs

3.4 Morphology studies (SEM)

Morphological examinations for the silver nanoparticles were carried out by using
Scanning Electron Microscopy. The images display that all the prepared nanoparticles exhibit
almost spherical shape. Also, the obtained SEM image display the formation of nanoparticles

and some fiber extract residues.

SEM HV: 10.0 KV WD: 10.62 mm VEGAS TESCAN  SEM HV: 10.0kV WD: 10.64 mm 1l VEGA3 TESCAN|
SEM MAG: 4.39 kx Scanspeed:4 10 um SEM MAG: 14.9 kx Scanspeed:4 | 2pm
BI: 8.00 Date(m/dly): 09/28/23 SOC-M K UNIVERSITY Bl: 7.00 Date(midiy): 09128123 SOC-M K UNIVERSITY

Fig. 4 SEM image of synthesized Cocos nuciferabased silver nanoparticles

3.3.1 EDX Studies

The EDAX spectral image displayed the presence of metallic silver at 3KeV. The
elemental dot mapping (Fig 4.5) of a selected area showed up 4%-N, 24.25%-0, 71.75%-Ag
of the corresponding elements.
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Fig.5 EDAX spectra showing elements present
3.5 Antimicrobial Activity
3.5.1 Zone of Inhibition of Silver nanoparticles from Cocos nucifera
The zone of inhibition AgNPs produced using the Cocos nucifera extract against
Gram positive B. subtilis and Gram-negative Proteus mirabilis were studied using

Chloramphenicol (10ug) as the control.

Fig. 6 Zone of Inhibition Bacillus subtilis, Proteus mirabilis

The antibacterial activity of AgNPs (100mg) against Gram positive B. subtiliswas
greater when compared with the Gram-negative Proteus mirabilis shown in table 2.
Table 2. Zone of inhibition of bacteria with varied concentration

Bacteria 20l | 40ul | 60ul 80ul | Standard
Bacillus subtilis (Positive) 11 15 18 18 35

Proteus mirabilis

) 7 9 10 12 25
(Negative)

The zone of inhibition AgNPs produced using the Cocos nucifera extract against
Rhizopus microsporus and penicillium were studied using Chloramphenicol (10ug) as the

control.
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Fig. 7 Zone of inhibition Rhizopus microsporus, Penicillium sp

The antifungal activity of AgNPs (100 mg) against Penicillium sp was greater when
compared with the Rhizopus microsporus shown in table 3.
Table 3. Zone of inhibition of fungi with varied concentration

Fungi 20ul | 40ul 60ul 80ul | Standard
Rhizopus microsporus 12 14 16 18 20
Penicillium sp 123 14 16 21 30

4. Conclusion

The present investigation deals with synthesis and characterization of silver
nanoparticles using Cocos nucifera and its antimicrobial activity. The experiment which was
conducted to examine the formation of AgNPsand it was characterized by UV, FT-IR, XRD
and SEM. From the UV spectroscopy, the synthesised AgNPs has high absorbance at 290 nm
(n-m” transition). It was mentioned that the methods of preparing AgNPs is simple and
convenient. The FT-IR data for the AgNPs closely matched the suggested structure. From
FT-IR, we can confirm that functional groups such as -NH, -CH, -CH3-CO, -NHz*were
present in the synthesised AgNPs. From XRD we evaluated the average crystalline size using
Scherer formula as 43.52 nm. The SEM images of AgNPs showed almost spherical shaped
surface morphology. The Antimicrobial activity of bacteria Bacillus subtilis (Gram positive),
Proteus mirabilis (Gram positive) and fungi Rhizopus microsporus, Penicillium sp were
studied using bio synthesized AgNPs. The results showed that the AgNPs have higher
inhibition against gram positive B. Subtilis than with the Gram-negative Proteus mirabilis.
The antifungal activity of AgNPs against Penicillium sp was found to be greater when

compared with the Rhizopus microsporus.
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ABSTRACT

Improving patient compliance with significant therapeutic value is highly important to
be in concern while developing an oral dosage form. Undesirable taste of the drug can
influence patient compliance and product quality. Health care providers are dealing with
bitter drug issues while orally administering to each paediatric patients and elderly patients.
Masking the unpleasant taste of bitter drugs is a potential tool for the enhancement of patient
compliance and success of the product. Various approaches and methodologies of
development for masking the undesirable taste of drugs with consideration of applications,
evaluation, and technologies for taste masking. This investigation evaluates inclusion
complexation by a-cyclodextrin as a masking agent for Chlorpheniramine Maleate.

Keywords: Taste masking, Inclusion complex, Chlorpheniramine Maleate, a-Cyclodextrin

Introduction

Paediatrics and elderly patients specifically are difficult to control while administering
the unpleasant taste of specific drug, leading to administer fewer doses, which cause less
efficiency. Taste masking is the proper way to improve the quality of the treatment [1]. The
taste masking defined as a perceived decrease of an unpleasant taste of active pharmaceutical
ingredients [2]. There are various taste-masking techniques which may be used to inhibit
bitter taste [3]. For solid oral dosage forms, polymer coating of capsules and tablets or
monolithic systems such as polymer or lipid extrudates may be used; these approaches may
be of less use for paediatric patients for whom swallowing solid dosage forms can be
challenging. Among the various taste masking strategies inclusion complex formationis an
efficient approach in dealing with patient’s compliance. These inclusion complexes can
enhance drug solubility, mask bitter taste of the active pharmaceutical ingredient (API) and
prevent degradation of drug molecules. Usually, the formation of inclusion complex method
is used when low dose drug is required. This technique works by the host and guest link,
where the host is the complexing agent; and the guest is the active moiety. The purpose of the
complexing agent is to mask the unpleasant taste of specific drug either by reducing its oral

solubility or reducing the amount of the drug particles to taste buds. The most commonly
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used complexing agent is cyclodextrin, due to its sweet in taste, non-toxic, and cyclic
oligosaccharide acquired from starch. In inclusion complexes, the Vander Waals forces are
predominantly involved [4-6].

Chlorpheniramine Maleate is an antiallergic medication. It appears as Odor less white
crystalline solid or white powder with a bitter taste and has poor patient compliance.
Chlorpheniramine maleate (CPM) is a first-generation alkyl amine widely used as
antihistamine drug patients to inhibit various histaminic actions [7]. Apart from the most
common side effects possess by all the antihistamines, CPM has a major problem related to
its oral bioavailability [8]. However, it is well absorbed from the gastrointestinal tract, its oral
bioavailability is only 25-40% of the orally administered dose which is due to its high first
pass metabolism [9]. Chlorpheniramine Maleate works by blocking the action of histamine,
thereby relieving these symptoms. In this study, a-Cyclodextrin is used to mask the bitter

taste of Chlorpheniramine Maleate and it is illustrated in Fig. 1.
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Fig.1 Structure of Chlorpheniramine Maleate and a-Cyclodextrin

Materials and Methods

ChlorpheniramineMaleate and a-Cyclodextrin purchased from Sigma Aldrich were
used for the studies. The solvents used were of analytical grade. Triply distilled water was
used for the preparation of stock solutions.
Instruments
1. Systronics Smart Double Beam Spectrophotometer-2203
2. JASCO Spectrofluorometer FP-8200.
Preparation of liquid inclusion complex of Chlorpheniramine maleate:a-CD

About 0.0054g of Chlorpheniramine maleate was accurately weighed and dissolved
in 10mLethanol. About 0.2918g of a-CD was dissolved in 30mL distilled water in a 250mL
beaker. Inclusion complexes of Chlorpheniramine maleate:a-CD were prepared by varying

the concentration of o-CD from 2x10°M to 1x102M with Chlorpheniramine maleate.

115



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

Preparation of solid inclusion complex of Chlorpheniramine maleate: a-CD

About 0.02g of Chlorpheniraminemaleate was accurately weighed and dissolved in
30mLof methanol and about 0.2918g of a-CD was dissolved in 30mL distilled water in a
250mL beaker. Both the solutions were mixed together in a beaker and put over
electromagnetic stirrer to stir continuously for 48h at room temperature. The precipitate
formed after evaporation was dried and used for characterization.
Results and Discussion
UV-VIS Spectral Analysis of Chlorpheniramine maleate:a-CD

Absorption spectra were used to confirm the formation of inclusion complex. The
complexation causes a change in the absorption spectrum of a guest molecule. During the
spectral changes, the chromophore of the guest is transferred from an aqueous medium to the
non-polar cyclodextrin. These changes must be due to a perturbation of the electronic energy
levels of the guest caused either by direct interaction with the cyclodextrin, by the exclusion
of solvating water molecules or by a combination of these two effects [10,11]. Small shifts
are observed on the UV spectra of the included guests, the method is often used to detect
inclusion complexation. In this study, absorption spectra of a-CD, chlorpheniramine maleate
and inclusion complexes were taken into consideration. The absorption spectra of the
inclusion complexes formed between chlorpheniramine maleate and o-CD are shown in
Fig.2.The spectral data are tabulated in Tab.1An absorption peak is obtained at Aans 252 nm.
After the addition of a-CD, the absorption spectra are bathochromically shifted with increase
in intensity. With the increase in concentration of o-CD, the intensity of absorbance also
increased. It is inferred that the solubility of chlorpheniramine maleate increases with
increase in the concentration of o-CD. Spectral shifts are indicative of the inclusion

complexes formed between chlorpheniramine maleateando.-CD.

0.0000

250.00

Fig.2. Absorption spectra of chlorpheniramine maleate with varying

Concentrationsof a-CD
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Table.1 Absorption spectral data of chlorpheniramine maleate with varying

concentrations of a-CD

S. | Concentration 1 1/
Aabs | Absorbance | A-Ao — [ LogE

No of a-CD A-Ao [a-CD]
1 0 247 0.175 3.65

2 0.002 247.4 0.200 0.025 | 40 3.71 500
3 0.004 248 0.215 0.040 | 25 3.74 250
4 0.006 248.7 0.240 0.065 | 15.3 3.79 166.6
5 0.008 249 0.255 0.080 | 12.5 3.82 125
6 0.010 250 0.300 0125 | 8 3.89 100

Determination of binding constant
The binding of Chlorpheniraminea-CD inclusion complexes has been studied by

absorption spectral technique using Benesi-Hildebrand equation [12].

1 1 1
; + -
A-Ay A-A, Kp(A'—-Ap) [a—CD]

Where,
Ao- initial absorbance; A, A’-observed absorbances; Kg- binding constant [o. — CD]-
Concentration of a-CD. The binding constant calculated was found to be 96 M,

Determination of the stoichiometry of the inclusion complex

for

The stoichiometry of the inclusion complex, A plot of —_versus
A—AO [(I'CD]

absorption gives good linear correlation indicating the stoichiometry for the formation of 1:1
guest host inclusion complex. The stoichiometry can be obtained by using the Benesi-

Hildebrand equation which was shown in Fig. 3.

¢ Y-Values

1/A-Ao
\ 4

—— Linear (Y-Values)

O T T 1

0 200 400 600
1/[a-CD]

Fig.3. Benesi-Hildebrand plot of Chlorpheniramine maleate: a-CD inclusion complexes
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FTIR Spectral Analysis of inclusion complexes of chlorpheniramine maleate: a-CD.
FTIR is a very useful tool to prove the existence of both guest and host molecules in
their inclusion complexes Fig 4,5,6 shows the FTIR spectra for the a-CD, chlorpheniramine
maleate, inclusion complex of chlorpheniramine maleate:a-CD. The pure drug
chlorpheniramine maleate exhibited the peaks at 2924.27 cm™ for C-H aromatic stretching,
650.34 cm-1, 944.87 cm™ for C=C characteristic peaks, 3340.71 cm™ for O-H stretching of
Maleate salt, 1703.38 cm™ for C=0 and 769.6 cm™ for C-Cl bending. The same peaks of the
chlorpheniramine maleate were observed in the inclusion complex with slight shifts in
wavelength. The inclusion complex shows a broadened O-H band with change in values from
3400 cm™ to 3394.72 cm™* which indicates that there is intermolecular hydrogen bonding

betweenchlorpheniramine maleate and a-CD.

Fig.4 FTIR Spectra of a-CD

g
g
&
H
g
g

Wave Number (em™)

Fig.5 FTIR Spectra of chlorpheniramine maleate
Significant changes are observed in the area between 1600 and 1400 cm™assigned to
C=C aromatic stretching in free due to the interaction between this region of the drug and

cyclodextrin cavity and an enlargement of the bands at 1030 cm™ of the is observed due to the
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establish of interaction during complexes formation [13]. No new peaks appeared which

indicates that no bonds are formed or broken during inclusion complex formation.

Fig.6 FTIR Spectra of inclusion complex of chlorpheniramine maleate: a-CD

Thin Layer Chromatographic Studies

Thin layer Chromatography also serves as a tool for the inclusion complex formation.
The Ry values are calculated for pure drug and the inclusion complexes. The thin layer
chromatogram for pure drug and inclusion complex in the ratio of 1:1 diethyl ether: water,
chloroform: water, ethyl acetate: water are shown in Fig.7,8 and 9. In all the cases, the R¢
values of inclusion complexes are found to be less than that of pure Chlorpheniramine
maleate [14]. This is a strong indication that inclusion complexes are formed between
Chlorpheniramine maleate and a-CD. Further, the R¢ values obtained for chlorpheniramine

maleate and chlorpheniramine maleate: a-CD was tabulated in Table 2.

Fig.7 Thin Layer Chromatography images of chlorpheniramine maleate and
chlorpheniramine maleate: a-CD in the ratio of 1:1 diethyl ether: water

Fig.8
chlorpheniramine maleate: a-CD in the ratio of 1:1 chloroform: water,

In Layer Chromatography images of chlorpheniramine maleate and

ethyl acetate: water
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Fig.9 Thin Layer Chromatography images of chlorpheniramine maleate and
chlorpheniramine maleate: a-CD in the ratio of 1: 1, ethyl acetate: water

Table.2 Thin layer chromatographic data

solvent a-CD  R¢ CPM R CPMI;?_CD
Diethyl ether
Phosphate 0.2345 0.2673 0.2009
water50:50v/v
CD
Chloroform 0.2876 0.2939 0.1978
Phosphate
water50:50v/v
Ethyl acetate
Phosphate 0.3045 0.3155 0.2987
water50:50v/v

CPM-chlorpheniramine maleate

The complexing agenta-Cyclodextrins a sweet, non-toxic, starch-derived cyclic
oligosaccharide. Bitterness elimination is depended upon the extent of complexation of guest
molecule with host, value of complex association constant temperature and the host/guest
ratio. chlorpheniraminemaleate forms a 1:1 complex with cyclodextrins, more than 99 % of
the bitter drug is complexed with cyclodextrins and as complexed moleculechlorpheniramine
maleate cannot react with the taste bud in the buccal cavity, no bitter taste perceived [15,16]
and therebysuppression of bitter taste by alpha-cyclodextrin [17]. The complexing agent a-
Cyclodextrin is capable of masking the bitter taste of the drug by either decreasing its oral
solubility on ingestion or decreasing the amount of drug particles exposed to taste buds
thereby reducing the perception of bitter taste. Vander Waals forces are mainly involved in
inclusion complexes [18-20].
Conclusion

The absorption spectra provide ample information regarding the formation of

inclusion complexes of chlorpheniraminemaleate with a-CD. The binding constants were
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calculated using the Benesi Hildebrand equation and it was found to be 96.5 M. The linear

correlation of the Benesi-Hildebrand plot indicates that the inclusion complexes formed were

in the stoichiometric ratio 1:1.Considerably higher binding constant values showed the

formed inclusion complexes were quite stable.The stability of the inclusion complexes

formed shows that the solubility of chlorpheniramine maleate is also further increased upon

complexation with a-CD.The formation of inclusion complexes between chlorpheniramine

Maleate and o-CD was further confirmed by FTIR studies and thin layer chromatographic

studies.Thus it paves the way to remove undesirable bitter effects the drug chlorpheniramine

Maleate and enable us to have sustained controlled release of the drug and hence oral

bioavailability of the drug. Bitterness elimination is depended upon the extent of

complexation of guest molecule with host, value of complex association constant temperature

and the host/guest ratio. chlorpheniramine maleate forms a 1:1 complex with a-cyclodextrin,

more than 99 % of the bitter drug is complexed with a-cyclodextrin and asthe complexed

molecule. chlorpheniramine maleate cannot react with the taste bud in the buccal cavity, no

bitter taste is perceived and suppression of bitter taste was done by alpha-cyclodextrin.
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ABSTRACT

Seagrasses are marine flowering plants and are distributed all over the world. They
are well documented for the presence of potent, diverse secondary metabolites that are
biologically active and could be used as potential drugs. The present study is about the
investigation of the phytochemicals and antibacterial activity of the seagrass Syringodium
isoetifolium. The dried seagrass powder was extracted with chloroform, acetone and ethanol
separately in a ratio of 1:4 using a cold extraction method. The preliminary phytochemical
analysis of the extracts showed the presence of alkaloids, steroids, saponins, flavonoids,
terpenoids, glycosides and phenolic compounds. Antibacterial activity was done using a well
diffusion method against one Gram-positive and one Gram-negative pathogens, such as
Bacillus subtilis and Pseudomonas aeruginosa. Among the three solvent extracts, the ethanol
extract showed the maximum activity of 19.66+£0.57 mm against B. subtilis. This study
revealed that the seagrass Syringodium isoetifolium has very good antimicrobial activity due
to its secondary metabolites.

Keywords: Seagrass, Antimicrobial activity, Syringodium isoetifolium

1. Introduction

Seagrass is one of the true marine flowering plants that belongs to the group angiosperms
[1]. They are known to produce a wide variety of secondary metabolites that aid as defense
mechanisms under stress conditions and these compounds are found to be anti-oxidative in
nature [2]. These chemical compounds synthesized by secondary metabolic pathways are not
involved in normal growth, development or reproduction but usually have roles in adaptation
processes under stress conditions [3]. These biogenic compounds or active metabolites like
polyphenols, terpenoids and halogenated compounds produced by several species of seagrass
have anticancer (antitumor), antifungal or anti-inflammatory [4], antimicrobial [5], antiviral,
antidiabetic activities [6], antimalarial, antioxidant [7], antiprotozoal and cytotoxic properties
[8] which are effective in the prevention of different diseases and also other novel
pharmacological activities. It has been realised that many of these metabolites, being

biologically active, could be used as a potentialdrug. As antibiotic resistance has developed,
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itdemands a continued search for antibacterial drugs that combat harmful microorganisms [9].
Thus, we continue to require more effective, affordable, and safe medications. Therefore, the
purpose of this study was to assess the antibacterial activity of the seagrass
Syringodiumisoetifolium (Asch.) Dandy against human infectious disease pathogens such as
Pseudomonas aeruginosa and Bacillus subtilis, as well as examine its phytoconstituents.
Materials and methods
Sample collection and Extraction

The fresh leaves of Syringodium isoetifolium (Asch.) Dandy were collected from
Kooduthalai coast, Tirunelveli, India and identified as Syringodium isoetifolium (Asch.)
Dandy by morphological features according to the standard seagrass manual [10]. The
collected seagrass was cleaned with tap water and shade dried. The dried materials were
powdered using a mixer grinder. The powdered sample was extracted with organic solvents
of increasing polarity such as chloroform, acetone and ethanol, individually in a ratio of 1:4.
The extracts were filtered using Whatman No.1 filter paper. The resultant filtrate was then

concentrated and used for further analysis.

pe— = g L e

Fig 1. Image of the seagrass Syringodium isoetifolium

Phytochemical Analysis

The qualitative test for the identification of phytochemical constituents was carried
out according to standard procedure [11].
Microorganisms used

The antimicrobial activity of the seagrass extract was screened against one Gram-
positive bacteria, Bacillus subtilis and one Gram-negative bacteria Pseudomonas aeruginosa,
which were obtained from Scudder Laboratory, Nagercoil.
Antibacterial assay

Antibacterial activity was assayed using the agar well diffusion technique using
Nutrient Agar Medium. A sterile cotton swab was used for spreading the test microorganisms
evenly from the 24-hour incubated broth on the NA plates. In each of these plates, wells of

124



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

6mm diameter were made using a sterilized cork borer and 50 pl of each extract was added
tothose wells separately. 25 ul of streptomycin (10mg/ml) was used as a positive control and
25 pl of the respective solvent used as a negative control. The extract-loaded plates were kept
for incubation at 37°C for 24 hours. After incubation, a clear zone around the well was
formed which was the diameter of the zone of inhibition measured in millimetres.
Theexperiment was carried out in duplicate and the mean zone of inhibition * standard error

was calculated using excel.

2. Results

Table 1. Phytochemical analysis of Syringodium isoetifolium

Iié) Phytochemicals Acetone | Chloroform | Ethanol
1 Alkaloids - + +
2 Steroids + - -
3 Tannins - - -
4 Pholobatanins - - -
5 Saponins + + +
6 Flavonoids + - +
7 Terpenoids + + )
8 Glycosides + + +
9 Phenolic compounds + + +
10 Aromatic acids - - -
11 Xanthoproteins - - -

Phytochemical analysis was done separately for acetone, chloroform and ethanol
extracts of S. isoetifolium. As Table 1. Shows, the acetone extract of the seagrass shows the
presence of phytochemicals such as steroids, saponins, flavonoids, terpenoids, glycosides and

phenolic contents. The chloroform extract shows the presence of alkaloids, saponins,

125



ISSN 0976-5417

Cross Res.: December 2023

Vol. 14 No. 2

terpenoids, glycosides and phenolic compounds. The ethanol extract shows the presence of

alkaloids, saponins, flavonoids, glycosides and phenolic compounds.

Table 2. Zone of inhibition (mm=SE) of S. isoetifoliumon human pathogens

Bacteria Control Standard Acetone Chloroform Ethanol
(Streptomycin) (25ul) (25ul) (25ul)
B. subtilis - 30 13+0.8 9+0.9 19.6+0.57
P. aeruginosa - 17 9+1 8+0.6 14+1.2

(S-streptomycin, C-control, A- acetone, C-chloroform, E-ethanol)

Fig. 3. Antibacterial activity of S. isoetifolium against P. aeruginosa

From Table 2. and Figs. 2 and 3, among the three solvent extracts, the ethanol extract

showed the highest activity against both the tested pathogens, with the maximum activity of
19.66+0.57 mm against B. subtilis.

3. Discussion

Natural products are considered an important source of new antibacterial agents.

Many chemically unique compounds of marine origin with different biological activities have

been isolated and a number of them are under investigation and/or are being developed as

new pharmaceuticals [12,13]. The present study revealed that the seagrass S. isoetifolium

contains phytochemicals such as alkaloids, steroids, saponins, flavonoids, terpenoids,
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glycosides and phenolic compounds. The qualitative phytochemical analysis showed that
most of the phytoconstituentswere extracted with acetone extraction compared to the other
two.

Seagrasses have the highest value of soluble phenolic content which exhibit multiple
bioactive roles against pathogenic microorganisms. In this study, the solvent extracts of
seagrass S. isoetifolium displayed good antibacterial activity against Gram-positive as well as
Gram-negative pathogens. Among the three solvents, the ethanol extract of S. isoetifolium
effectively inhibited both B. subtilis (19.6 mm) and P. aeruginosa (14 mm). It is followed by
acetone extract which inhibits B. subtilis (13 mm) effectively. The chloroform extract showed
the lowest activity among the three extracts. Similar findings were also seen in some previous
reports and also confirm that the polar solvents like methanol and ethanol extracts of
seagrasses Halophila ovalisand Halodulepinafoliashowed better zones of inhibition against
pathogens than any other tested extracts [14]. Likewise, Heracleum sphondylium's ethanol
and aqueous extracts have shown antibacterial properties against both Gram-positive and
Gram-negative bacteria [15]. The variation in antibacterial activity of the extracts might be
due to the distribution of antimicrobial substances, which varied from species to species [16].
The present study reveals that the ethanol extract has effective inhibition of human pathogens
and could be used to extract potent antimicrobial compounds. But previously, it was reported
that the acetone and hexane leaf extracts were found to have the strong antimicrobial and
anti-inflammatory activities [17]. The marine plant's antibacterial effect may be a result of
phytochemicals present in plant extracts, which include alkaloids, tannins, flavonoids, and
sugars [18].

4. Conclusion

The prospectof developing antimicrobials from plant extracts emerges satisfying, as it
will lead to the development of phytomedicines to act against microorganisms. The sea grass
Syringodium isoetifolium has a variety of biologically active molecules that can be used as a
source of antibiotics. Further purification of active compounds and structural elucidation can
be used for drug discovery.
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ABSTRACT

The search for antimicrobial agents has taken a definite direction and marine crabs
have been found to possess antimicrobial activity against pathogens like bacteria, fungi and
viruses. The present investigation was taken up to study the antibacterial potential of
different solvent extracts of haemolymph, gills, muscle, and hepatopancreas of Lauridromia
dehanni. Five human pathogenic bacteria such as Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus, Bacillus subtilis and Klebsiella pneumoniae were used
for antibacterial studies. Maximum zone of inhibition was observed with the acetone extracts
of gills. Chloroform and aqueous extracts of the tissues also recorded moderate antibacterial
activity. Thus, the results revealed that Lauridromiadehanni has potential antibacterial
compounds.

Keywords: Antimicrobial, L. dehanni.

1. Introduction

The emergence of new infectious diseases and resistance to antibiotics by the existing
ones led to the development of new drug discovery [1]. Antimicrobial peptides are important
in the first line of the host defense system of many animal species. Their value in innate
immunity lies in their ability to function without either high specificity or memory.
Moreover, their small size makes easy to synthesize without dedicated cells or tissues and
they rapidly diffuse to point of infection [2]. Recent experimental data from invertebrates
suggests the past exposure to pathogens in individual animals can lead to enhanced immunity
and some are also known to have considerable specificity by recognizing non-selfpathogen
associated receptors that are highly conserved in evolution [3]. Some of the known innate
responses in invertebrates include phagocytosis, nodulation and encapsulation, synthesis of
AMP and activation of proteolytic cascades that lead to melanisation, blood coagulation,
release of stress responsive proteins and molecules believed to function in opsonization and
iron sequestration [4].

The crabs are in intimate contact with aquatic environment rich in pathogenic

microbes and are prone to infection by those microbes at various stages of growth, and losses
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due to disease can be enormous [5]. An over the past several years, many antimicrobial
peptides have been found and characterized in crab species. The first antimicrobial peptide
characterised was a proline peptide of 6.5 KDa from the haemocytes of the shore crab
Carinus maenas. The antimicrobial peptide Callinecin is a cationic antimicrobial peptide of
3.7 KDa isolated from the blue crab, Callinectus sapidus. Recently, scygonadin, an anionic
antimicrobial peptide isolated from seminal plasma of the mud crab Scylla serrata [6].
Marine crabs are potential sources of new antibiotics. The search for antimicrobial agents has
taken a definite direction in developed countries. The first line of defense of arthropods
against pathogens and parasites is of physical nature via their hard cuticle. However, once
this barrier is passed, a complex interaction of innate humoral and cellular immune reactions
is induced in both tissues and haemocoel, which results in a fast elimination of micro-
organisms. Antimicrobial activity has been detected in several decapod crustaceans, including
lobster, crabs, shrimps and freshwater cray fish [7, 8]. Marine crabs are rich sources of new
antibiotics [9] but only few studies were carried out on the bioactivity of crustaceans [10, 11].
Recent research findings suggest that marine crabs are a potential source of new antibiotics
for pharmaceutical development. However, the marine organisms recognized as a potential
source of biologically active substances, is largely unexplored. Hence, a broad-based
screening of marine crabs for bioactive compounds has become a necessity. Kanyakumari is a
rich source of marine reserves since this study focused on the antimicrobial activity of the
marine crab, Lauridromiadehanni commonly found in the coast of Kanyakumari District,
Tamilnadu, India.
2. Materials and Methods
2.1 Experimental animal and sample collection

Lauridromia dehanni were collected from Manakudi coastal area, Kanyakumari
District, Tamil Nadu, Indiain the month of April 2022. Haemolymph was collected by cutting
walking legs of the crab with a fine sterile scissor. The haemolymph collected was
centrifuged at 2000 rpm for 15 minutes at 4°C to remove haemocytes from the haemolymph.
Supernatant was collected and stored at 4°C until use. Gills, muscle and hepatopancreas were
carefully dissected and stored at 20°C prior to extraction for antibacterial work.

Lauridromia dehanni

A
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2.2 Preparation of extracts for antimicrobial activity

Tissue extracts of the crab were prepared following the method of Karthikeyan et al.
(12) with slight modification. 1 g each of gills, muscle and hepatopancreas were
homogenized and extracted with 10 volumes (v/w) of acetone, chloroform and aqueous and
kept for three days at room temperature. The extracts were filtered through Whatman No 1
filter paper, concentrated by evaporating in room temperature to give a dark gummy mass
and used for the antibacterial assay. Haemolymph was treated with all the above-mentioned
solvents (1:1) and used for antimicrobial studies.
2.4 Bacterial strains

Antibacterial activity of crab was determined against five bacterial strains viz.,
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus subtilis and Klebsiella
pneumoniae. These pathogens strains were obtained from the Scudder Laboratory, Nagercoil.
2.4 Assay of antibacterial activity

Antibacterial activity was analysed by following the standard disc diffusion
methodBauer et al., 1996, (13) 20 ml of sterilized Muller Hinton Agar was poured into sterile
petri-plates. After solidification 100 ul of fresh culture of pathogenic bacteria (E. coli, P.
aeruginosa, S. aureus, B. subtilis, K. pneumoniae) were swabbed on the respective Muller
Hinton Agar plates. The discs impregnated with 50 ul of samples were kept over the agar
plates using sterile forceps. Streptomycin was used as positive control. The plates were
incubated for 24 hours at 37°C. After incubation the diameter of inhibitory zones formed
around each disc were measured (mm) and recorded.
Results
3.1 Antibacterial activity of haemolymph

The acetone haemolymph extract of Lauridromia dehaani showed high antibacterial
activity on E. coli (9£0.25 mm) followed by S. aureus (7+£0.5 mm). The acetone haemolymph
extract did not inhibit the growth of P. aeruginosa K. pneumoniae and B. subtilis. They did
not show inhibitory activity against other extracts tested (Table 1).
3.2 Antibacterial activity of gills

The acetone extract of gills inhibited the growth of B. subtilis (11+0.25 mm),
followed by K. pneumoniae (9+0 mm). However, it did not show inhibitory activity against
E. coli, S. aureus and P. aeruginosa. Aqueous extract of gills inhibits the growth of K.

pneumoniae (7£1 mm) only (Table 2).
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3.3 Antibacterial activity of muscle

The acetone extract of muscleinhibited the growth of S. aureus (5+0.25 mm),
followed by P. aeruginosa (4+0 mm). However, it did not show inhibitory activity against E.
coli, K. pneumonia and B. subtilis. The chloroform extract inhibited the growth of S.
aureusP. Aeruginosaand only. Aqueous extract of muscle inhibited the growth of B. subtilis
(6£1 mm) only (Table 3).
Antibacterial activity of hepatopancreas

Chloroform extract of hepatopancreas showed antibacterial activity against of S.
aureus (7+0.25 mm), followed by P. aeruginosa (6+0.25 mm). The aqueous extract inhibited
the growth of S. aureus (5+0.25 mm) followed by P. aeruginosa. The acetone hepatopancreas
extract did not inhibit the growth of tested microbes (Table 4).

Table 1: Antimicrobial activity of haemolymph of Lauridromia dehaani
against tested pathogens

Zone of inhibition (mm)

Pathogen Strain of pathogen Acetone | Chloroform | Aqueous | Positive control
Escherichia coli 9+0.25 - - 6+0.5
Pseudomonas aeruginosa - - - 5+0.5

Bacteria | Staphylococcus aureus 7+0.5 - 1 1+0.25
Bacillus - - - 14+0.25
Klebsiella pneumoniae - - - 13+0.5

Table2: Antimicrobial activity of gills of Lauridromia dehaani against
Tested pathogens

Zone of inhibition (mm)

Pathogen Strain of pathogen Acetone | Chloroform | Aqueous | Positive control
Escherichia coli - - - 1+1
Pseudomonas aeruginosa - - - -

Bacteria | Staphylococcus aureus - - - 110.25
Bacillus 11+0.25 - - 90.25
Klebsiella pneumoniae 9+0 - 7+1 9+1
Table3: Antimicrobial activity of muscle of Lauridromia dehaani

Against tested pathogens
Zone of inhibition (mm)

Pathogen Strain of pathogen Acetone | Chloroform | Aqueous | Positive control
Escherichia coli - - - 11+0.25
Pseudomonas aeruginosa | 4+0 6+0.25 - 5+0.25

Bacteria | Staphylococcus aureus 5+0.25 7%0.25 - 5+0.25
Bacillus - - 6+1 9+1
Klebsiella pneumoniae - - - 1+1
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Table4: Antimicrobial activity of hepatopancreas of Lauridromia dehaani
Against tested pathogens

Zone of inhibition (mm)

Pathogen Strain of pathogen | Acetone | Chloroform | Aqueous Positive
control

Escherichia coli - - - 85+0.25
Pseudomonas aeruginosal - 6+0.25 4+0.25- 55+0.25

Bacteria | Staphylococcus aureus - 7+0.25 5+0.25 75+0.1
Bacillus - - - 125+0.25

Klebsiella pneumoniae - - - 55+0.1

Discussion

In recent years, great attention has been paid to study the bioactivity of natural
products dueto their potential pharmacological utilization. The present research investigation
is made on thebasis of in search of antimicrobial peptides from the hemolymph and other
tissues of a marine crab Lauridromia dehannicollected from theManakudy coastal area,
Kanyakumari district. The results revealed that the hemolymph, hepatopancreas, gills and
muscles of the crab had antibacterial activity against different range of bacterial strains.
Previous work shows thatdecapod crustaceans contain factors with antibacterial activity in
the hemolymph and differentbody parts [14]. The influence of crab hemolymph against wide
range of clinical pathogens proves that crustaceans are very good source of antimicrobial
potency [15]. Antibacterial peptides can also be induced inresponse to wounding or infection
in the cuticles [16] and these are secreted intothe hemolymph of which some are lysozyme
[17] and andropin [18]. These proteins show strong resistant to the microbial growth.

From the present study it was observed that Lauridromia dehaani has potential
antibacterial components which are evident from the high zone of inhibition recorded with
the solvent extract sofhaemolymph, gills, muscle, and hepatopancreas against human
pathogens. The acetone extracts showed better results when compared to chloroform,
aqueous suggesting acetone solvent as efficient in eluting the bioactive compounds. Our
results are in confirmation with [19 and 20] who studied the antibacterial and antifungal
activity of bioactive compounds of A. integerrimus.

Haemolymph of crustaceans has potential to act against wide range of clinical
pathogens there by making them reliable candidate for very good source of antimicrobial
potency. These results indicate that crabs have developed a variety of defense molecules in
haemolymph against pathogenic microorganisms. From the pharmacological point of view, it

is advantageous, antimicrobial drugs have no side effects. The present study indicates that
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haemolymph and tissue extracts of Lauridromia dehannimay contain potential antibiotics.

The antimicrobial assay doneso far will serve as a baseline data for further studies that may

confirm the hypothesis that brachyuran crabs are indeed potential sources of novel

compounds with biological potential. Further purification of the active compounds is
necessary in order to identify their chemical nature and to evaluate their potency as novel
drug.

Conclusion

The present study indicates that haemolymph and tissue extracts of Lauridromia

dehannimay contain potential antibiotics. The antimicrobial assay done so far will serve as a

baseline data for further studies that may confirm the hypothesis that brachyuran crabs are

indeed potential sources of novel compounds with biological potential. Further purification of
the active compounds is necessary in order to identify their chemical nature and to evaluate
their potency as a novel drug.
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ABSTRACT
Recently, there has been an increased focus on developing logical communication

between humans and computers. The vision-based interface technology extracts additiona
linformation from an input image without the use of expensive hardware. As a result, avision-
based approach is considered an effective way to advance human computer interaction
systems. This paper describes image processing using anisotropic diffusion and by applying
partial differential equations the brain tumour and the type of tumour in the image is
detected. By Using the MATLAB toolbox and functions correctly we can process and analyze
images both quickly and accurately in real time.

Keywords: Anisotropic diffusion, MATrix LABoratory, medical imaging techniques

1. Introduction

Software for high-performance numerical computing and visualization is available
under the name MATLAB. With hundreds of built-in functions for technical computation,
graphics, and animation, it offers an interactive environment. The best part is that it also
offers simple extension using a high-level programming language of its own. MATTix
LABoratory is the meaning behind the term MATLAB.

The creators of MATLAB additionally offer a number of extra "toolboxes" that are
optional. For specific applications including symbolic computation, image processing,
statistics, control system design, and neural networks, these toolboxes are sets of functions.
The number of toolboxes is continuously expanding. These toolboxes now number over 50.
Partial Differential Equations (PDES)

Anisotropic diffusion is often described using a partial differential equation that
models the behavior of the image over time. The most commonly used PDE in anisotropic
diffusion is the Perona-Malik equation [1]

alat=V.(c(||VI||)VI)

Where

I - is the image intensity,

t - is time,
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V - is the gradient operator

C(||v1]]) - s the diffusion coefficient that varies based on the gradient magnitude
|IVI|| . - represents the dot products and

VI . - Represents the divergence
2. Materials and Methods

Brain Tumour

A brain tumour is a mass or growth of abnormal cells in the brain, which are what
make up a human body. For medical and scientific research, the interior of the human body is
visualized using medical imaging techniques, and this technologycan also be used to identify
non-invasive conditions. The numerous medical imaging technologies, such as MRI,
Ultrasound, CT scan, SPECT, PET, and X-ray, are based on non-invasive methods. MRI
pictures can be used to detect brain tumours. The detection of brain cancers using image
processing methods is the main topic of this research.

Image Processing

Image processing is a method to convert an image into digital form and perform some
operations on it, in order to get an enhanced image or to extract some useful information from
it. Image processing is one form of signal processing in which the input is a photograph or
video frame; the output may be either an image or a set of characteristics or parameters
related to the image. An image contains sub-images sometimes referred as regions-of-
interest, or simply regions this implies that images contain collections of objects each of
which canbethe basis for a region [2].
Pre-processing:

Image pre-processing aims to improve the image data by suppressing the undesired
distortions and enhances some of the image features that will be helpful in further processing.
The goal of Pre-processing is to remove the noise and to provide Contrast Enhancement to
improve the image quality. The functions performed by preprocessing process is Gray scale
conversion, Noise removal and Contrast Enhancement [3].

Image Segmentation

After pre-processing segmentation is applied to partition the image into multiple
segments (sets of pixels, also known as super pixels) to simplify the representation of an
image into something that is more meaningful and easier to analyse. Image segmentations
typically used to locate objects and boundaries (lines, curves, etc.) in images. More precisely,
image segmentation is the process of assigning a label to every pixel in an image such that

pixels with the same label share certain visual characteristics [4].
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Anisotropic Diffusion
Anisotropic diffusion involves mathematics from partia Idifferential equations (PDES)
and numerical methods. The primary mathematical concepts used in anisotropic diffusion are
related to partial differential equations and gradient descent-based algorithms.
2.1. Input For Matlab Anisotropic Diffusion
Function diff_im=anisodiff (im, num_iter, delta_t, kappa, option)
fprintf (‘'Removing noise\n’);
fprintf (‘Filtering Completed !!");
%Conver tinput image to double.
im = double (im);
%PDE (partial differential equation) initial condition.
diff_im =1im;
%Center pixel distances.
dx =1;
dy =1,
dd =sqrt (2);
%2 Dconvolutionmasks -finite difference
hN=[0 10; 0-1 0; 0 0 0];
hS=[0 00; 0-1 0; 01 0];
hE=[000; 0-11;000];
hw=[000; 1-10; 00 0];
hNE=[0 01; 0 -1 0; 0 00];
hSE=[0 00; 0-1 0; 0 0 1];
hSW=[0 00; 0-1 0; 1 0 0];
hNW=[1 00; 0-10; 00 0];
% Anisotropic diffusion.
for t = 1:num_iter
% Finite differences. [imfilter(.,.,'conv’)can be replaced by conv2(.,.,'same")]
nablaN = imfilter(diff_im,hN,'conv');
nablaS = imfilter (diff_im, hS,'conv');
nablaW = imfilter (diff_im, hW,'conv");
nablak = imfilter (diff_im, hE,'conv’);
nablaNE = imfilter (diff_im, hNE,'conv');
nablaSE = imfilter (diff_im, hSE,'conv’);
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nablaSW = imfilter (diff_im, hSW,'conv’);
nablaNW = imfilter (diff_im, hNW,'conv’);

%Diffusion function.

if option ==

cN = exp (-(nablaN/kappa).”2);

cS = exp(-(nablaS/kappa).”2);
cW = exp(-(nablaW/kappa).2);

cE = exp(-(nablaE/kappa).”2);

cNE=exp(-(nablaNE/kappa)."2);

cSE = exp(-(nablaSE/kappa).”2);

cSW = exp(-(nablaSW/kappa).”2);
cNW=exp(-(nablaNW/kappa)."2);
elseif option ==2

cN = 1./(1 + (nablaN/kappa)."2);
¢S =1./(1 + (nablaS/kappa)."2);
cW = 1./(1 + (nablaW/kappa)."2);
cE = 1./(1 + (nablaE/kappa).”2);
cNE=1./(1+(nablaNE/kappa).”2);
cSE = 1./(1 + (nablaSE/kappa).”2);
cSW = 1./(1 + (nablaSW/kappa).*2);
cNW=1./(1+(nablaNW/kappa)."2);

end

% Discrete PDE solution.
diff_im=diff_im+...

End

delta_t*(...

(2/(dy*2))*cN.*nablaN + (1/(dy”~2))*cS.*nablaS + ...
(1/(dx"2))*cW.*nablaW + (1/(dx"2))*cE.*nablaE + ...
(1/(dd"2))*cNE.*nablaNE + (1/(dd"2))*cSE.*nablaSE + ...
(1/(dd™2))*cSW.*nablaSW + (1/(dd"2))*cNW.*nablaNW );

ForBrainTumour

Clc

closeall
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clearall
%% Input
[1, path] =uigetfile('*.jpg’,'select a input image");
str=strcat(path,1);
s=imread(str);
figure;
imshow(s);
title('Input image','FontSize',20);
%% Filter
num_iter=10;
delta_t=1/7;
kappa = 15;
option =2;
disp(‘Preprocessing image please wait...");
inp=anisodiff(s,num_iter,delta_t,kappa,option);
inp = uint8(inp);
inp=imresize(inp,[256,256]);
if size(inp,3)>1
inp=rgh2gray(inp);
end
figure;
imshow(inp);
title('Filtered image','FontSize',20);
%% thres holding
sout=imresize(inp,[256,256]);
tO=mean(s(®));
th=t0+((max(inp(:))+min(inp(:)))./2);
for i=1:1:size(inp,1)
forj=1:1:size(inp,2)
if inp(i,j)>th
sout(i,j)=1;
else
sout(i,})=0;
end
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end
end

%%Morphological Operation
label=bwlabel(sout);

stats=regionprops(logical(sout),'Solidity','Area’,'Bounding Box');
density=[stats. Solidity];

area=[stats. Area];
high_dense_area=density>0.7;
max_area=max(area(high_dense_area));
tumor_label=find(area==max_area);
tumor=ismember (label, tumor_label);
if max_area>200

figure;

imshow(tumor)
title('tumoralone’,'FontSize',20);

else

h=msgbox('NoTumor!!''status’);
%disp(‘notumor’);

return;

end

%%Bounding box

box = stats(tumorlabel);
wantedBox=Dbox.Bounding Box;

figure

imshow(inp);
title('BoundingBox','FontSize',20);
hold on;

rectangle (‘Position’,wanted Box,'EdgeColor','y");
hold off;

%%Getting Tumor Outline-image filling, eroding, subtracting
%erosion the walls by a few pixels
Dilation Amount = 5;

rad=floor(dilation Amount);
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[r,c] = size(tumor);
filledlmage=imfill(tumor,'holes");
fori=1:r
for j=1:c
x1=i-rad;
x2=i+rad,;
yl=j-rad;
y2=j+rad,
if x1<1
x1=1;
end
if x2>r
X2=r,
end
if yl<i
y1=1;
end
if y2>c
y2=c;
end
eroded Image(i,j)=min(min(filled Image(x1:x2,y1:y2)));
end
end
figure
imshow(eroded Image);
title(‘erodedimage’,'FontSize',20);
%%subtracting eroded image from original BW image
Tumor Outline=tumor;

Tumor Outline(erodedimage)=0;
figure;

Imshow(tumorQOutline);
title("Tumor Outline','FontSize',20);
%%Inserting the outline infiltered image in red color
rgb =inp(:,;,[1 1 1]);
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red = rgb(:,:,1); red(tumor Outline)=255;
green = rgb(:,:,2);

green(tumor Outline)=0;

blue = rgb(:,:,3);

blue(tumor Outline)=0;

tumor Outline Inserted(:,:,1) = red;
tumor Outline Inserted(:,:,2) = green;
tumor Outline Inserted(:,:,3) = blue;
figure

imshow(tumor Outline Inserted);
title('Detected Tumer','FontSize',20);
%%Display Together

figure

subplot(231); imshow(s);title('Input image','FontSize',20);

subplot(232); imshow(inp);title('Filtered image','FontSize',20);
subplot(233); imshow(inp);title('Bounding Box','FontSize',20);
holdon; rectangle('Position’,wanted Box,'EdgeColor',"y");holdoff;

subplot(234);imshow(tumor);title(‘tumor alone','FontSize',20);

subplot(235);imshow(tumor Outline);title("Tumor Outline’,'FontSize',20);

subplot(236);imshow(tumor Outline Inserted);title('Detected Tumor','FontSize',20);

Input Images
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Output for Image3
Input Image Filtered Image

OB L-A OB [~}
Input image

Tumour Detection No Tumour

4. Conclusion
Since brain tumours are a lethal form of cancer, early and precise identification is
essential for effective therapy. Tumour detection by hand can be time-consuming and error-
prone. This experiment suggests a technique for locating a tumour, if one is there, in a brain
MRI scan. The image noise is removed using an isotropic filtering technique. It was chosen
because it performs better than other techniques in maintaining features in non-linear images.
For segmentation, an SVM classifier is suggested to identify the tumour. Morphological
surgeries are carried out to locate the tumour precisely and mark its contour. The tumour, if
any, can be precisely identified when this suggested methodology is used to an aberrant brain
MRI scan.
References
1. Guidotti P. Anisotropic diffusions of image processing from perona-malik. Advanced
Studies in Pure Mathematics. 2015; 67: 131 - 156.
2. Olfa H. Brain tumour detection and recognition from MRI scan. International Journal of
Scientific& Technology Research. 2020; 9(02): 1118 - 1124.
3. Sudharson M., Rajapandiyan S. R. T. llavarasi P. U. Brain Tumour Detection by Image
Processing Using MATLAB. Middle-East journal of scientific research. 2016; 4 (S1): 143
- 148.
4. Sahu R., Pandey A. K. Medical Image Processing in MATLAB. Journal of Emerging
Technologies and Innovative Research. 2018; 5(2): 164 - 173.

147



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2
The Domination Uniform Subdivision Number of Total Graphs

T. Berjin Magizha and M. K. Angel Jebitha*

Department of Mathematics, Holy Cross College (Autonomous), Nagercoil - 629004
Department of Humanities and Sciences, St. Xavier’s Catholic College of Engineering,
Chunkankadai, Nagercoil, Tamil Nadu, India.

Affiliated to Manonmaniam Sundaranar University, Tirunelveli - 627012
*Corresponding Author - Email: angeljebitha@holycrossngl.edu.in

ABSTRACT

Let G = (V,E) be a simple undirected graph. The domination uniform subdivision
number usd, (G) is the least positive integer k such that the subdivision of any k edges
from G results in a graph having domination number greater than that of G. The total graph
G*t** of G is a simple graph with vertex set V(G) U E(G) in which adjacency is defined as
follows: (a) two elements in V(G***) are adjacent if and only if they are adjacent in G (b)
two elements in E(G**") are adjacent if and only if they are adjacent in G and (c) an
element of V(G) and an element of E(G) are adjacent if and only if they are incident in G. In
this paper, we investigate usd, of total graphs.

Keywords: Domination, Subdivision domination, Total graph and uniform subdivision
domination
AMS Subject Classification: 05C69.

1 Introduction

Let G = (V,E) be a simple undirected graph of order nand size m. If v € V(G),
then the neighborhoodof visthe set N;(v) (or N(v)) consisting of all vertices u which are
adjacent to v. The closed neighborhood is N;[v] = N;(v) U {v}. The degree of vin Gis
[N(v)|and is denoted bydeg(v). The minimum degree of Gis min {(v):v € V(G)}andis
denoted by 6(G). A vertex vis said to be pendant vertex ifdeg (v) = 1. A path, a cycle and a
complete graph on n vertices are denoted by P,, C,, and K,, respectively. A graph is said to be
connected if there exists a path between any pair of vertices. Otherwise it is said to be
disconnected.

A subset D of V(G) is said to be dominating set if every vertex of V(G) — D is
adjacent to at least one vertex in D. The minimum cardinality taken over all minimal
dominating sets of G is the domination number of G and is denoted by y(G).

The domination subdivision number introduced by Arumugam, Velammalin [1] and
several authors characterized trees according to their domination subdivision number. Also
many results have also been obtained on the parameters sdqq, Sd,. and sd,.. An edge e = uv is

said to be subdivided if it is deleted and replaced by a u — v path of length two with a new
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internal vertex w (subdividing vertex). G A {e} is the graph obtained by subdividing the
edge e. A domination uniform subdivision number of G is the least positive integer k such
that the sub division of any k edges from G results in a graph having domination number
greater than that of G and is denoted by usdy(G). If it does not exist, then usdy(G) = 0. This
number was introduced and studied in [2].

A subset S CE(G) is said to be domination subdivision stable set if y(G AS) = y(G). A
domination subdivision stable set S is said to be maximal domination subdivision stable set if
there is no domination subdivision stable set S’ such that |S'| > |S|. usdy(G) = |S| + 1, where S
is @ maximum stable subdivision set of G. In [3] we have studied domination uniform
subdivision number of G o K; for some standard graphs.

Wu and Meng [4] generalized the concept of total graphs to transformation graph
G*% with x,y,z € {+,—} where G*** is precisely the total graph of G, and G~~~ is the
complement of G***. Each of these eight kinds of transformation graph G*># appears to have
some nice properties; for instance, their diameters are small in most of the cases [4], and their
edge connectives are equal to their minimum degree etc. [5]. In [6] the domination uniform
subdivision number of G~~~ has been studied. Several authors discussed various concepts on
transformation graphs [7, 8].

In this paper we study domination uniform subdivision number of G***. Terms not
defined here are used in the sense of [9].

2 Results on connected graphs

In this section, we determine usd, of total graphs of some standard graphs. Also we

investigate uniform subdivision domination number of total graph of connected graphs.

4 if n=1(mod5)
3 if n=2(mod?5)
Theorem 2.1 For a path on n vertices P, usd,(P,*™*) =< 1 if n =3(mod5)
3 if n=4(mod)5)
2 if n=0(mod)5)

Proof: Let vy, v5,.... v, €V(B) , €, €,.... e,_1 €EE(B,) and V(Pn+++) _
V(B)UE(R). In P+t dPn+++(v1) = dPn+++(vn) =2, dpn+++(vl-) =4,2<i<n-
1), dp++(e) =4,2<i<n-2) and dp +++(e;) = dp +++(ep_y) = 3. Here the
minimum dominating set D of P,™** consists of both vertices and edges of P,. To find the

domination uniform subdivision number of P,***, it is enough to construct the maximum

domination subdivision stable set S . In order to construct S, we are going to form a
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minimum dominating set D of P,*** . We shall start D with v,. The vertex v, is adjacent
to vy, v3, e; and e,. Now choose a vertex e; of P,*** which should not be adjacent to
v,. Let us choose e, € D, e, isadjacentto es, es, v, and vs. Again Choose a vertex
v;, which should not be adjacent to e,. Now we may choose v, € D, v, is adjacent to
Ve, Vg, €6 and e,. Likewise continue the procedure to construct the minimum dominating
set D of P,***. For determining the maximum domination subdivision stable set, we
consider the following cases.

Case(i): n = 1(mod 5)

In this case we get three maximal domination subdivision stable sets.

If v, €D, S1 ={ vy Vn-1, Vnen1} IS1] = 2.

If en1 €D, S; ={en1€n2 en1Vn_1}150=2.

If v,o1 €D, S3={Vn_1Vn2 Vn-1€n-2 Vn-1en1} |53/ =3.

From all the above cases S is the maximum. Therefore, in this case usd, (B,***) = 4.

Case(ii): n = 2(mod 5).

In this case also we have three possible cases.

If v, €D, S; ={0},1S1]=0.

If en_1 €D, S; ={epqen 2} 152l =1

If v,y €D, S3={Vp_1Vn_2 Vn_1€nz}IS3l =2

From all the above cases, S5 is the maximum. Therefore usd, (P,***) = 3.

Case(iii): n = 3(mod 5).

There exists a unique minimal dominating set D and every u € V — D is adjacent to
exactly one vertex v in D. And so the maximal domination subdivision stable set S is an
empty set. Thus usd, (B,"*") = 1.

Case(iv): n = 4(mod 5)

In this case we get three maximal domination subdivision stable sets.
If v, €D, S ={v,v_1} 1511 = 1.

If en1 €D, S; ={en-1€n2 en1Vn_1} 1520=2.

If v,y €D, S3={Vp_1Vn2 Vn-1€n2} 1531 =2.

From all the above cases, usd,(P,***) = 3.

Case(v): n = 0(mod 5).

Here we have only two possible cases.

If e,_1 €D, S; ={0},1S,1=0.
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If Vp-1 € D, 2= {Un_l Un_z}, |SZ| =1.
From the above two cases, S, is the maximum. Therefore usd, (B,**") = 3.

Hence the proof.

(4 if n=1(mod)5)
2 if n=2(mod)5)
Theorem 2.2 For any cycle C,, usd,(C,"*") =<5 if n=1(mod 5).
3 if n=4(mod?5)
1 if n=0(mod>5)

Proof: Let vy, v,.... v, €EV(C,) , &, €,.... e €E(C,) and V(C,***) =
V(C)VE(C). In G, dg +++(vy) = d +++(e;) = 4. Here the minimum dominating
set D of C,*** consists of both vertices and edges of C,,. To find the domination uniform
subdivision number of C,,**™, it is enough to construct the maximal domination subdivision
stable set S . In order to construct S, we are going to form a minimum dominating set D of
C," " . We shall start D with v; or e;. Without loss of generality, we may assume that
v; € D and v, is adjacent to v,, v,, e; and e,. Now choose e; € D, e; is adjacent to
ey, €4, V3 and wv,. Again Choose v, € D and so on. Proceeding in a similar way to
construct the minimum dominating set D of C,***. For determining the maximum

domination subdivision stable set, we consider the following cases.

Case(i): n = 1(mod 5).

Now we have four maximal domination subdivision stable sets. They are:
If v, €D, S; ={v,v1, v}, IS1] = 2.

If v, 1 €D, S3 = {Vn_1Vn_2,Vn-1Vn, Vn_1€n_2 }, IS2| = 3.

If e, 1 €D, S3 = {en-1n-2 €n-16n €n_1Vn}, 1S3/ = 3.

If en_; €D, Sy = {€n_2Vn_2 €n_zn_3}, IS4l = 2.

From the above cases, usd,(C,*"") = 3.

Case(ii): n = 2(mod 5).

In this case, there will be at the most four vertices which are not get dominated by any
of the vertices. They are  v,_1, V,_», e,_1 and e,_, of C,***. Here we have only two
possible cases.

If v,-1 €D, §; = {vp-1vp}, IS11 =1,
If e,z €D, S ={vyvp2} 152l = 1.
From the above two cases, usd,(C,***) = 3.

Case (iii): n = 3(mod 5)
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In this case we have five maximal domination subdivision stable sets. They are :
If v, €D, S; = {v,V1,VVn_1, men} 1S11 = 3.

If v,_1 €D, S3 = {Vn_1Vn_2,Vn_1Vn, Vn_1€n_2 }, IS2| = 3.

If e, €D, S3={e,vn, env1,ene1}, |S3] =3.

If en_1 €D, Sy ={en_16n_2 €n_1€n €n_1Vn, €n_1Vn_1}, IS4l = 4.

If e, €D, S5 ={en—26n-3 €n2Vn—2 €n—2Vn-1} ISs| = 3.

From all the above cases, S, is the maximum and hence usd,, (C,***) = 5.
Case(iv): n = 4(mod 5).

Here we have three possible cases.

If v, €D, S; ={v,vi, e}, 1S1] = 2.

If en1 €D, S; ={en-16€n, en1n2} 1520 =2

If v,y €D, S3={Vp_1Vn_2 Vn_16n2}IS3l =2

From all the above cases we conclude that usd, (C,***) = 3.

Case(v): n = 0(mod 5).

There exists a unique minimal dominating set D and every u € V — D is adjacent to
exactly one vertex v in D. And so the maximal domination subdivision stable set S is an
empty set. Thus usd, (C,***) = 1.

Theorem 2.3 For any star K, ,, usd, (K;,"") = 1.

Proof: Letv, vy, v,,.... v, € V(Ky,), Where v be the full vertex of K;, and
€1, €,. ... en € E(Kyipn). In Ky, "™, also v is the full vertex. Therefore y(K,,***) =
1 and the maximum domination subdivision stable set S is an empty set. Thus
usd, (K, ") = 1.

3 Main results

Theorem 3.1 If G has a full vertex v, then usd, (G***) = 1 ifand only if G is a star

graph.

Proof: Let v, vy, vy,. ... v,_1 € V(G) and v be the full vertex of G. Assume
that G is a star. Then v is adjacent to all the vertices in G***. Therefore y(G**") = 1and

sousd, (G***) = 1.

Conversely, assume that usd,(G***) = 1. Suppose G is not a star. Since v is
adjacent to e; =vv(1<i<n-1)and v; in G, any minimum dominating set D of

G*** contains v, e; or v;.
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Case(i):veD

Since G is not a star, there exists an edge e which is not incident with v. Then D
cointains a vertex of G*** other than v. If it is a vertex u of G, then N[u] n N[v] # @ and

so usd,(G***) > 1. Ifitis an edge €', then N[e'] n N[v] # @ since the end vertices of e’

are adjacent to v. Therefore, usd, (G***) > 1.
Case(ii): e; €D

Since e; Is adjacent to exactly two vertices of G, D contains atleast two
vertices of G***. If N[v]n N[u] € V(G) — {u}isin D, then N[u] n N[e;] # @ since u and
e; both are adjacent to v. If e’ € V(G) is in D, then e’ is adjacent to some e; which is

incident with v and so N[e'] N N[ e;] # @ . Hence usd, (G***) > 1.
Case(iii): v; € D

If D contains any vertex u of G, then N[u] n N[v;] # @ since v is adjacent to
all the n — 1 vertices. If e, = vvy € D, then N[ v;| N N[ e;] 2 {v} and so usd, (G***) > 1.
Let us take D contains e’ = v;v, € E(G). If j =1iorj=r, then N[v;] n N[e'] # @ and so
usd, (G***) > 1. Otherwise, v; is not incident with e’. Also both are not adjacent to a
common vertex of G***. Suppose any other edge e* = v,.v; € D. Then e*,e’ and v; are
independent. Thus (V(G) —{v})= K, UkK, and hence usd,(G***) =1, we get a

contradiction.

Theorem 3.2 Let G be a connected graph. If A(G) =n — 2, then usd, (G***) <

~(n+2)(n—3).

Proof: Let G be a connected graph and let deg(v) = A(G). Then there exists u €
V(G) such that u is the only vertex which is non-adjacent to v. Since G is connected, N[u] N
N[v] # 0.

Case(i): N[u] = N[v]

If (V — {u, v}) is totally disconnected, then the set S of all edges from v to N[v] from
a maximum domination subdivision stable set of G*** and |S| =n—2. Hence
usd,(G**) =n-1.

If (V —{u,v}) has atleast one edge, then D = {u.v} can not be a dominating set of

G*+*. If all the edges of (V — {u, v}) are adjacent, then {ue;’, v} and {ve;, u} are minimum
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dominating sets of G***. Then maximum domination subdivision stable set S of G*** has

only one edge of G***. Therefore usd, (G***) = 2.

If (V—{u,v}) has atleast two independent edges then any maximum domination

subdivision stable set S has atleast n — 3 edges.

If (V — {u,v}) is complete graph, then N[v] is a dominating set of G***. Then S =
{vie/e € EQV —{u,v})) and no two edges are same} U {vv;/ v; € N[v] and except one
v;} U {uv;/v; € N[v] and except one v;} is a maximum domination subdivision stable set of

G+ and |5| = 22 4 2(n - 3) = S(n+ 2)(n - 3).

2
Case(ii) N[u] # N[v]
In this case, any maximum domination subdivision stable set S has less number edges
as in case(i). Hence |S| < %(n + 2)(n — 3).
4 Results on disconnected graphs

Theorem 4.1 Let G be a disconnected graph with k components G;, G,

oo, Grusd, (G = usd, (G,™) +usd, (G, 7H)+ . . 4usd, (G.T).

Proof: Since G is a disconnected graph with k components, G*** isalso a

disconnected graph with k components. We have, usd, (G***) = usd, (G,**") +

usd, (G,**)+ . . .+usd, (G,**). Hence the result.

Corollary 4.2 Ifany graph G = K;,, U Ky, U...U K;, , thenusd, (G**F) = k.
Proof: Assume a disconnected graph G with n components ¢ = K;, U K;,, U
... U Ky . By theorem 4.1, usd, (G***) = usd, (Kyn,) +

usdy(Kl,n2)+ . .+usdy(K1,nk).
By theorem 2.3, usd, (G***) =1+ 1+ . . .+1 (k times).
Hence usd,(G***) = k.

Theorem 4.3 usd,(G***) = 0 iff G isan empty graph.

Proof: Assume that G is an empty graph. Then G*** has no edges and so
usd, (G***) = 0.
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Conversely assume that usd, (G***) = 0. Suppose that G is not empty then there

exists atleast one edge in G. Then G*** has a non-empty component G* with atleast three

vertices. Thus usd, (G*) = 1 and so usd, (G***) = 1 (by theorem 3.1). This contradicts our

assumption. Hence G is non-empty.

Conclusion

In this article, the exact value of usd,(G***)for some standard graphs are

determined. Also, for a graph with A(G) = n — 1, we prove that usd, (G***) = 1 if and only

if G is a star. Further, we obtain few results on disconnected graphs.
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ABSTRACT
The main aspect of this paper is to find the optimal solution of a fuzzy linear
programming problem. Where fuzzy quantities are in the form of triangular fuzzy numbers.
The triangular fuzzy number is converted into a crisp value using a novel suggested ranking
method. The fuzzy simplex method is then applied to obtain the optimal solution.

Keywords: A novel suggested ranking method, Fuzzy linear programming problem, Optimal
solution, Triangular fuzzy number.

1. Introduction
Bellman and Zadeh proposed the concept of decision-making in a Fuzzyenvironment [1].
After this pioneering work, several authorsused this concept for solving fuzzy linear
programming problems [2], [3], [4], [5], [6], [7], [8]. A fuzzy linear programming problem
(FLPP) is an extension of conventional linear programming that accommodates uncertainty
and imprecision in the problem's coefficients and constraints. In traditional linear
programming, all parameters are assumed to be precise and deterministic, but in real-world
scenarios, various factors may involve vagueness or ambiguity. In FLPP, decision variables,
coefficients, and constraints can be described using fuzzy sets, which provide a more flexible
framework for modeling the inherent uncertainty in decision-making. The objective is to
optimize a fuzzy objective function subjected to fuzzy constraints. The application of FLPP is
diverse, ranging from supply chain management and finance to engineering and project
planning. By considering fuzzy parameters, FLPP enables a more realistic representation of
complex systems.

The outline of this work is described below. In section 2: Basic Definitions, Proposed
ranking technique. In section 3: Theorems on a fuzzy linear programming problem. In section
4. Procedure for solving a fuzzy linear programming problem. In section 5: Numerical

example. Finally, a conclusion in section 6.
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2. Preliminaries
Definition
For a triangular fuzzy number Ait can be represented by A = (a, b, c)with

membership function u(x) given by

U 4(x)
11
0 ifx<a
14 ifa<x<b
b-a
uy(x)= e—x
— ifbh<x<c
c-b 0 R
0 ifxze a b c X
A T U
, a<x<b
b—a
1 =b
,UA(X) = C,—X'
, b<x<c
c—b
0, otherwise

The Arithmetic Operations on Fuzzy Numbers

Let A, = (a, b,c)and A, = (d, e, f)be two non-negative triangular fuzzy numbers
then
0] AL DA, = (a,b,c) D (d,e,f)= (a+d,b+ec+f)
(ii) A —A,= (a,b,c)— (d,e,f) = (a—f,b—e,c—d)
(iii) —A; = —(a,b,c) = (—c,—b,—a)
(ivy, A;®A,= (a,b,c)Q (e, f,g) = (ae, bf,cg)
Ranking function

Ranking fuzzy numbers are an important aspect of decision-making in a fuzzy

environment. Since 1965, many authors have proposed different methods for ranking fuzzy
numbers.
Proposed Ranking Technique

This paper proposes a method that ranks triangular fuzzy numbers which is simple in
calculation.

If a fuzzy number (a, b, c) is a triangular fuzzy, then new ranking function is defined

as,

1
f [gcd(a, c)ba] da
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Mathematical Formulation of Fuzzy Linear Programming Problem

n

Maximize/Minimize z = Z ¢jXj subjectto

Here c;

() a{j, b; are fuzzy numbers, x]-’ is a non — negative fuzzy number j =

1,2,...,n.

3. Theorems on Fuzzy Linear Programming Problem
Theorem 3.1
The set of all feasible solutions of a fuzzy linear programming problem is a convex set.
Proof:
Consider a FLPP in standard form,
Maximize z = ¢'x’ subject to
A'x" =b'
x'=0
x"isan x 1 matrix, ¢’ isa (1 X n) matrix and A" is a (m x n) matrix. The values in
these matrices are fuzzy numbers.
Let F be the set of all feasible solutions of the above FLPP.
Letk;, ke Fand0 <o <1
Since k1, k; € F we have
A'ky=b"and k1 =0
A'ky=b"and k; =0
Now, A'[ck;+ (1—0)k;] = A'ak; +A'(1 — o)k,
=0A'k1 + (1 —0)A'k;
=ob' +(1—-0)b’
=p'

. ok; + (1 — o)k, isasolution of FLPP
Now, since k; = 0,k; =2 0and 0 <o <1

we have ok; + (1 — 0)k; = 0.
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Hence ok; + (1 — 0)k; is a feasible solution for the FLPP.
oki+ (1 —o0)kyeF

Theorem 3.2

Let kKW, k@, ... k™ pe optimal solutions of the FLPP. Then any convex

combination of kW, k@, ..., k™is also an optimal solution of the FLPP.

Proof:
Since kMW, k@, ..., k™are optimal solutions of the FLPP, we have
72=c'k® =c'k® = ... = ¢'kM™
Let k be the convex combinations of k™, k@), ... k™,
k=0,k® + 0,k@ + ...+ 0,k™

where0 <o; <1 and Yt 0, =1
c'k=c'[ork® + 0,k@ + ...+ 0,k™]
=0,¢'k® + 6,c'k® + ..+ g, k™
=01z + 0,2+ ...+ 0,2z
=(oy+o0y, + ..+ 0,)z

c'k=1z

Theorem3.3

If a FLPP has more than one optimal solution, then it has an infinite number of

optimal solutions.

FLPP.

Proof:
Let us consider two different optimal solutions of FLPP k, and k.
Consider the convex combination of k, and k, asok,; + (1 —0)k, , 0 <o <1

According to the above result, any convex combination is also an optimal solution for

~ ok, + (1 — o)k, is also an optimal solution of FLPP.
Since o can take any value between 0 and 1. There are infinitely many points for o.
=~ Each corresponds to an optimal solution.

~ FLPP has an infinite number of optimal solutions

4. Fuzzy Simplex Procedure

The procedure of Fuzzy Simplex Method

Step-1: In a Fuzzy linear programming problem, convert fuzzy values to crisp

values using the proposed ranking technique.
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Step-2: Express the LPP in the standard form by introducing the slack/surplus
variables in each of the constraints.

Step-3: Obtain an initial basic feasible solution and compute net evaluation

m
zZj— ¢ = z Cp,Qij — Cj where j=1,2,..,m+n

i=1
If all net evaluations are non-negative, then the initial basic feasible solution is an optimal
solution.
If at least one net evaluation is negative, proceed to next step.
Step-4: Choose the most negative of net evaluation. The corresponding column is the
entering column. If all values in the column are less than zero, then problem has unbounded
solution
Step-5: Compute the ratio (Xz/Entering column) and choose the minimum of these ratio. The
corresponding row is the leaving row. The intersection of entering column and leaving row is
called key element.
Step-6: Convert the key element to unity by dividing its row by key element and all other
elements in remaining rows by using elementary row transformations.
Step-7: Go to step-3 and repeat the procedure until an optimal solution is obtained or there is
an indication of an unbounded solution.
5. Numerical Example [9]

Example:1
Letu ssolve the following FLLP with fuzzy constraints.
Maximizez=(1,6,9) x,+(2,3,8) x,subjectto
(2,3,4) x,+(1,2,3) x, <(6,16,30)
(-1,1,2) x;+(1,3,4) x, <(1,17,30)
X1,220
Applying the proposed ranking technique, we get
Maximizez=3x,+3x, subjectto
3x1+x2<48
0.5x14+1.5x2<8.5
X1,220
Standard form,

We introduce two slack variables s;=>0 and s,=>0

Maximizez=3x,+3x,+0s,+0s, subjectto
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3x1+x2+51=48
0.5x7+1.5x,+5,=8.5
xlIZISIISZZO
Table 5.1
Basis € 3 3 0 0
Cgp B XB X1 X2 S1 So
3 X1 15.879 1 0 0.3747 —0.2498 End of
thesimplex
0.7502 procedure
3 X2 0.363 0 1 -0.125
Optimality 7j=48.726 3 3 0.7491 1.5012
isattained 7z ¢ 0 0 0.7491 1.5012

Now, all the z;—c;>0.Hence optimality is reached and the optimal solution isx1=15.879,

x2=0.363 and the maximum value 0fz=48.726.

Example:2

Letu ssolve the following FLLP with fuzzy constraints.

Maximizez=(1,2,3) x,+(2,3,4) x, subjectto

(0,1,2) x,+(1,2,3) x, <(2,10,24)
(1;213) x1+ (01112) xZ S(118121)

X1,220

Applyingthe proposed ranking technique, we get

Standard form,

Maximizez=x,+3x, subjectto
x1+x2<10

x1+x254

X1,220

Weintroduce twoslackvariables s;=0ands,>0

Maximizez=x,+3x, +0s;+0s,

X1+ X+ 51:10
X1+X,+5,=4

xllZZO
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Table 5.2
Basis Ci 1 3 0 0
Cp B Xp X1 X2 S1 §2
End of
0 s1 6 0 0 1 -1 thesimplexpr
ocedure
3 X2 4 1 1 0 1
Optimality 2j=12 3 3 0 3
isattained Zi 2 0 0 3

Now, all the zj—c;>0. Hence optimality is reached and the optimal solution is x;,=0,,=4
and the maximum value of z=12
Applications: [10]

Fuzzy linear programming (FLP) finds versatile applications in various domains,
including supply chain management, project management, energy management, air pollution
management, and marketing. In supply chain management, FLP accommodates uncertainties
related to demand, lead times, and resource availability, optimizing inventory levels and
distribution strategies. In project management, it addresses the imprecise nature of task
durations and resource constraints, enhancing project scheduling and resource allocation.
Energy management benefits from FLP by handling uncertainties in energy demand and
supply, contributing to efficient resource utilization. In air pollution management, FLP aids in
decision-making by considering fuzzy environmental factors and regulatory constraints,
supporting effective pollution control measures. Additionally, FLP plays a crucial role in
marketing, where it assists in decision-making processes involving vague market trends,
consumer preferences, and advertising effectiveness, leading to more robust marketing
strategies. Overall, the application of FLP in these diverse areas reflects its ability to model
and optimize complex systems under uncertainty.

6. Conclusion

In this paper, we considered numerical exampleswith values astriangular fuzzy
numbers. Then they were transformed into crisp values using a novel suggested ranking
technique. The solution is obtained by the fuzzy simplex method and found the optimal
solution. The proposed ranking technique discussed here is very simple, easy to implement,

and to apply for solving realistic decision-making problems in areas like management
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science, engineering, operations research, and other decision-making subjects involving fuzzy

parameters.Their applicationshighlighted the future potential of these techniques in tackling

even more complex decision-making challenges.
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ABSTRACT

Let (X, 7) be a topological space. The graph G, = (V, E) is called a topological graph
fVv={uueru # ¢, X}andE={uweE (G)ifunv #@0,u #vandu,v € t}. In
this paper, we explore the relatively prime domination number in discrete topological graphs
and ascending topological graphs. Additionally, we investigate the relatively prime
domination number in the context of switching between discrete and ascending topological
graphs, as well as in modified graphs resulting from the deletion or addition of vertices in
both discrete and ascending topological graphs.

Keywords: Domination, Reconstruction.

1. Introduction

Atopology [1] on a non-empty set X is a collection t of subsets of X having the
following properties:@ and X are in t; the union of the elements of any sub collection of 7 is
in T; the intersection of the elements of any finite sub-collection of 7 is in 7 and A set X for
which a topology 7 has been specified is called a topological space. That is, a topological
space is an ordered pair (X,7)consisting of a set X and a topology 7 on X. If T consists the
collection of all subsets of X is called the discrete topology and the collection consisting of X
and @ is called the indiscrete topology or the trivial topology. A graph G consists of a non-
empty finite set V(G) of elements called vertices and a finite set E(G) of distinct unordered
pairs of distinct elements of V(G) called edges. The graph G, = (V, E) is called a topological
graphif V={uuertu # ¢, X}andE={uveE (G) ifunv #0,u #vandu,v €
T}

Researchers Ali Ameer Jabor and Ahmed Abd-Ali Omran explored the properties of
discrete topological spaces, establishing that the domination number for a discrete topological
graph is 2. They also delved into affection domination by manipulating edges or vertices in a
Discrete Topological Graph. In our study, we have presented findings on the relatively prime
domination number for discrete topological graphs and ascending topological graphs,

demonstrating that it is zero. Additionally, we have discussed the concept of relatively prime
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domination for switching graphs and modified graphs obtained by deleting or adding edges or
vertices.
2. Basic Definitions
Definition 1 [3] Deleting the Vertex: If v is a vertex of a graph G, we denote by G — v the
graph obtained from G by deleting the vertex v together with the edges incident on v.
Definition 2 [3] Deleting the Edge: If e is an edge of a graph G, we denote G — e the graph
obtained from G by deleting the edge e.
Definition 3 [4] Dominating Set: A subset S of V is said to be dominating set in G if every
vertex in V — Sis adjacent to at least one vertex in S.
Definition 4 [4] Domination Number: The domination number y(G) is the minimum
cardinality taken over all dominating set of G.
Definition 5 [5] Relatively Prime Dominating Set: Let ¢ be a non-trivial graph. A set S <
V is said to be relatively prime dominating set if it is a dominating set with at least two
elements and for every pair of vertices u and v in S such that (deg(u), deg(v)) = 1.
Definition 6 [5] Relatively prime Domination Number: The minimum cardinality taken
over all relatively prime dominating set is called relatively prime domination number and it is
denoted by y,,4(G).If there is no such pair exist, theny,.,;(G) = 0.
Definition 7  [5] Switching in Graphs: For a finite undirected graph G(V, E) and a subset ¢
C V, the switching of G by o is defined as the graph G°(V, E”) which is obtained from G by
removing all edges between ¢ and V-c. For o = {v}, we write G”instead of G} and the
corresponding switching is called as vertex switching
3. Degree of each vertex in the Discrete Topological Graph

Let (X,, ) be the discrete topological space with |X| = 3 and G, be the discrete
topological graph. In order to find the relatively prime domination number, we need to find
the degree of each element.
Consider the discrete topological space with five elements.
Let X = {a,b,c,d, e} and so |ty| = 2°=32.
Now by the definition of topological graph [V (G,)| = 30.

First we find the degree of the element of order 4.
For that, first we find the number of elements which are non-adjacent to it.
Let us represent the five elements in the set X as 1+1+1+1+1.

Here, the first four one represents the chosen element of order 4.
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Remaining only one 1°s is left.

This shows that, there is a possibleelementsof order 4, 3, 2 such that their intersection with
the chosen element is nonempty.

Thus, the only possible element is of order 1.

Thus, number of elements of order 1 which are non-adjacent to the chosen element =1 C 1=1

Therefore, number of elements non-adjacent to chosen element = 1
Hence degree ofelement of order4=2"-2-1-1=2"_2-1_2

Next, we find out the degree of an element of order 3.

Let the element be U. As before, 1+1+1+1+1 represent the five elements in the set X and the
first three elements in U.

Remaining two 1’s is left.

This shows that there are no possible elements of order 4, 3 such that intersection with U is
non-empty.

Therefore, the only possible elements are of order 1 and 2

Now, number of elements of order 2 which are non-adjacentto U =2C ;=1

Number of elements of order 1 which are non-adjacentto U =2C1=2

Therefore, number of elements non-adjacentto U = 1+ 2 =3

Hence degreeof U=2°-2-3-1=25-2-4=2%5-2_-22=25_22_7

Next, we find the degree of an elements of order 2.

Let the element be U.

The first two 1’s represent the elements in the set U.

Remaining three 1’s is left.

Thus, there is no possible element of order 3 such that their intersection with U is non-empty.
Therefore, the only possible elements of order which are no- adjacentto U is 1, 2, 3

Number of elements of order 3 which are non-adjacentto U =3C3=1

Number of elements of order 2 which are non-adjacentto U =3C > =3

Number of elements of order 1 which are non-adjacentto U =3C1 =3

Therefore, number of elements which are non-adjacentto U =1 +3+3=7

Degreeof U=2%-2-8=2°-23_2

Finally, we find out the Degree ofelements of order 1.

Let the elements be U.

Remaining four 1°s is left.
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Hence the possible element of order which are non-adjacent to U is 4,3,2,1.
Number of elements of order 4 which are non-adjacentto U =4C4=1
Number of elements of order 3 which are non-adjacentto U =4C3=4
Number of elements of order 2 which are non-adjacentto U =4C, =6
Number of elements of order21 which are non-adjacentto U =4C1=4
Number of elements which are non-adjacent to U = 1+4+6+4 = 15
Therefore, degree of U=25-2-16=2%-2%4-2

Hence degree of an element of order 4 =2°-2°%"4_2=25_21_2
Degree of an element of order 3=2°%-25"3_2=25_22_7
Degree of an element of order 2=2°%-2°%"2_2=25_23_2
Degree of an element of order 1 =2°-2°"1_2=2%5_24_2

In general, let X be a topological space of order n,n = 3 and G,be the discrete topological
graph.

Then, the degree of an element of order 1 = 2" — 2"1 -2

Degree of an element of order2=2" -2 2.2

Degree of an element of order 3=2"-2"3_2

Degree of an element of ordern-2=2" 222

Degree of an element of ordern-1=2"-2-2

Note: Here the degree of each element in the discrete topological graph is even.
4. Relatively Prime Domination Number

Throughout this section, n denotes the number of elements in X; p denotes the number
of vertices in the graph G; r denotes the order of an open set.
Theorem 4.1. Let (X, 1) be the discrete topological space with |X| > 3. Then the relatively
prime domination number of discrete topological graph is y;,4(G;) = 0.
Proof: Let (X,7)be the discrete topological space with |[X| > 3 and G, be the discrete
topological graph. By above note, degree of each vertex inG, is even. Therefore,
relatively prime dominating set does not exist for discrete topological graph and hence
Yrpa(Ge) = 0.
Remark: As relatively prime dominating set does not exist for discrete topological
graph; we find the relatively prime domination number for switching graph of Discrete
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Topological Graph.

Theorem 4.2. Let (X, 7) be the discrete topological space of order n,n > 3. hen

vy _ (2if (degU,degV) = 1,V € V(GY),U < V,deg(U) + deg(V) =p—1
Vrpd(Gr ) - .
0 Otherwise

Proof: Let (X, 7)be the discrete topological space and G, be the discrete topological graph.
We proceed by two cases.
Case 1:U be the vertex of order r, 1 <r <n—2,n = |X]|.

In the resulting graph GY, degree of U is odd.Now, we choose an element in
V(GY), say Vsuch that V contains the vertex U and deg(U) + deg(V) =p — 1.If
(degU,degV) = 1, then relatively prime dominating set = {U,V} and the relatively
prime domination number is 2. If no such vertex exist in V(GY),then the relatively prime
dominatingset does not exist,as we cannot choose an element V in V(GY) with order V
less than order of U, because deg(U) + deg(V) <p — 1. Therefore,yrpd(GTU) = 0 in this
case.

Case 2:U be the vertex of order n — 2.

In the resulting graph GY, degree of U is one. Now choose an element, say V in
V(GY), of order n — 2. (If we choose an element of order less than n-2 in V(GY), then
deg(U) + deg(V) < p — 1). Since deg(U) = 1, let the element be {a}. Since deg(V) =
p — 2, and it contains the element {a}, we still left with an element to cover, say {b}. In
order to cover {b}, we must choose an element contains {b}. As degree of all other
elements except U has degree even, the relatively prime dominating set does not exist.
Therefore,y,,q(GY) = 0 in this case.

Thus,

vy _ (2if (degU,degV) =1,V eV (GY)and U € V,deg(U) + deg(V) =p—1
yrpd(Gr ) - .
0 Otherwise

Theorem 4.3. Let (X, 7) be the topological space with [X| = 3. Then

2 if (degU,2™ — 4) =1, where e is incident with the vertex U
0 Otherwise '

Proof: Let (X, t) be the topological space with n > 3 where n = |X| and G, be the discrete

Yrpd (Gr—e) = {

topological graph. Let e be the edge removed from G,. Then degree of two elements say
U and V which incident with the edge e is deg(U)— 1,deg(V) — 1. Therefore,
deg(U) — 1 =deg(V) —1 = odd. Since the vertices of order n— lcovers p—1

vertices, we take such a vertex say W.
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Since deg(V) = odd and if (deg(U),deg(W)) = (deg(U), 2™ — 4) = 1,relatively
prime dominating setis {U, W} and hence y,,4(GY) = 2. If (deg(U),deg(W)) # 1, then
relatively prime dominating set does not exist and so y,,4(G; —e) = 0.

Theorem 4.4. Let (X, 7)be the discrete topological space with |X| = 3. Then

G, —v) = {2 if (degU,2™ —4) =1, where e is incident with the vertex U
Vrpalte B 0 Otherwise '

Proof: Let (X, t)be the discrete topological space with n > 3 where n = |X| and G, be the
discrete topological graph. Consider the graph G, —v. Here the vertices which are
adjacent with the vertex v has odd degree. Denote the vertices which have odd degree
by U;,i = 1,2,...,n— 2. Note that U; is a vertex of order i in G,. Now, choose a vertex,
say W of degree p — 1. If (deg(U;),deg(W)) = 1, for some U;, then the relatively prime
dominating set is {U,W} and hence y,,q(GY) = 2. If (deg(U),deg(W)) # 1, for all
U;, then relatively prime dominating set does not exist.

Theorem 4.5. Let (X, 7) be the topological space with |[X| = 3. Then

_(2if (degU,2™ — 4) =1, where e is incident with the vertex U
Vrpa(G +e€) = { 0 Otherwise

Proof: Let (X, 7)be the topological space with n > 3 where n = |X| and G, be the discrete
topological graph. Let e be the new edge added in G,.Then degree of two elements say U
and V which are incident with the edge e is deg(U) + 1,deg(V) + 1, which is odd.Now
if (p —1, deg(U) + 1) = 1, then the relatively prime dominating set exist andy,,q(G; +
e) = 2.0therwise, the relatively prime dominating set does not exist.

5. Relatively Prime Domination on Ascending Topological Grah

In this section, we have discussed about the properties and domination, relatively
prime domination number of Ascending Topological Graph. A topological space X is said to
have an ascending chain if every open sets of X forms an ascending chain. A topological
space which have an ascending chain is called as Ascending Topological Space.

Let (X,t) be a topological space with |X| > 3 having ascending chain. Let G, be the
corresponding topological graph. Since the open sets in t are in ascending chain, the
intersection between any two non-empty open sets in non-empty. Therefore, in the
corresponding topological graph, adjacency exist between any two vertices and hence we get
a complete graph.

Proposition 5.1. The graph G, is a null graph if |X| < 2.
Proof: Let (X,t) be an ascending topological space and G, be the corresponding topological

graph. If | X| = 1, then 7, = {@, X}. As we exclude the @, X in the construction of topological
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graph, we have V(G;) = @.If |X| = 2, then t, = {@,{a}, X}.Here V(G,) = {a}.If |X| = 3,
then V (G,)contains at least two distinct vertices and adjacency exist, as they are in ascending
chain in t. Therefore, the graph G, is a null graph if | X| < 2.

Properties of Ascending Topological Graph

Let (X,7) be ascending topological space with |X| > 3and G, be the corresponding
topological graph. Since G, is a complete graph,G; has the following properties

e Number of edges in G; is @ where p = |V (G,)|.

e G, is connected.

e (, has no cut vertex.

e (. is Hamiltonian.

e G, is Eulerion if |X| = even

e (G, isa Complete Bipartite Graph

e Domination number of G, is 1
Theorem 5.2. Let (X,t) be an ascending topological space with |X| > 3. Theny (G, —v) =
y(G) =1andy(G, —e) =y(G) = 1.
Proof: Let (X,t) be an ascending topological space with |X| > 3 and G, be the corresponding
topological graph. Consider the graph G, — v. Since G, is a complete graph, we again get the
complete graph by removing a vertex. Asy(G,) = 1, we hve y(G, — v) = y(G,). Next, we
consider the graph G, — e. Let the vertices incident with ebe v;,v;.Then d(v;,) = d(v;) =
p — 2.But the remaining all vertices have degree p — 1.Therefore, a vertex with degree p — 1
covers all the vertices of G;. Hence y (G, — e) = y(G;) = 1.
Theorem 5.3. [5]Let (X,7) be an ascending topological space with |X| = 3.Then y,,q(G;) =
0 and y,,4(G7) = 0.
Theorem 5.4. Let (X,7) be an ascending topological space with |X| > 3.Then y,,q(G, — v) =
0and y,pq(G; — ) = 2.
Proof: Clearlyy,,q(G; —v) =0 as G, —vis a complete graph. Next, consider the graph
G, — e. Here degree of each vertex is either p — 1 or p — 2.The vertex of degreep — 1 covers
all the vertices of G, — e.In order to get a relatively prime dominating set, we choose a vertex
of degree p — 2.Let us say the vertices of degree p — 1 and p — 2 be u and v respectively.
Therefore, relatively prime dominating set = {u,v}and thus relatively prime domination

number is 2.
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Theorem 5.5. Let (X,7) be an ascending topological space with |X| = 3.Theny,,,((G; —
v)¥) = 0.
Proof: Let (X,t) be an ascending topological space with |X| > 3andG, be the corresponding
topological graph. Consider G, — v. Then degree of each vertices is equal, say p — 2. Let v
be the switching vertex. Then in the graph (G, — v)Y, the switching vertex has degree zero
and the remaining vertices have degree p—3. Therefore, relatively prime dominating set does
not exist. Therefore y,,,4((G; — v)¥) = 0.
6. Conclusion
In this research article, we explored the relatively prime domination number
concerning discrete topological graphs and ascending topological graphs. Furthermore, we
delved into the notion of relatively prime domination within switching graphs and modified
graphs resulting from edge or vertex deletions or additions. Analogously, we can investigate
the graph-theoretical characteristics of topological spaces by transforming them into standard
topological graphs.
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ABSTRACT
Let G be a simple connected graph of order n. Let D>(G, i) be the family of
2-dominating sets in G with cardinality i. The polynomial D2(G, x) = Xi_,, ) d2(G, Dt is
called the 2-domination polynomial of G. In this paper we obtain a recursive formula for
d2(Pn,i). Using this recursive formula, I construct the 2-domination polynomial, D2(Pn,x) =
ZIL:[HTH] d,(P,, i)x*, where da(Pn, i) is the number of 2-dominating sets of P, of cardinality i

and some properties of this polynomial have been studied.

Keywords: Path, 2-dominating set, 2-domination number, 2-domination polynomial
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1. Introduction

Let G = (V, E) be a simple graph of order n. For any vertex veV, the open
neighbourhood of V is the set N(v) = {ueV / uveE} and the closed neighbourhood of V is
the set N[v] = N(v) u {v} [1]. For a set S <V, the open neighbourhood of S is
N(S) = Uyes N(v) and the closed neighbourhood of S is N[S]=N(S) U S. AsetDcVis a
dominating set of G if N[D] = V or equivalently, every vertex in V — D is adjacent to at least
one vertex in D [4].

The domination number of a graph G is defined as the minimum cardinality taken
over all dominating sets D of vertices in G and is denoted by y(G) [2].

| use the notation [x] for the smallest integer greater than or equal to x and [x] for the
largest integer less than or equal to x. Also, I denote the set {1,2,3,...,n} by [n], throughout
this paper.
2. 2 - Dominating Sets of Paths

In this section, I introduce the definitionof 2-dominating sets of a graph path and
some of its properties.
Definition 2.1. Let G be a simple graph of order n with no isolated vertices. A subset D € V

is a 2-dominating set of the graph G, if every vertex ve V — D is adjacent to at least 2 vertices
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in D. The 2-domination number v2(G) is the minimum cardinality among the

2-dominating sets of G.
Lemma 2.2. Let Py be the path with n vertices, then its 2-domination number is

v2(P) =[],

Lemma 2.3. Let Py, n > 4 be the path with [V(Pn)| = n. Then, d2(Pn, 1) = |f|<["+1
or i>n and do(Pn, i) > 0 if [nT]sig n.

Proof. If i< "—“ or i > n, then there is no 2-dominating set of cardinality i.

Therefore, D2(Pni) = ¢. By Lemma 22, the cardinality of the minimum

2-dominating set is ["—“] Therefore, do(Pn, i) > 0 if iz["—“] and i < n.

Hence, we have, dz(Pn, 1) =0 if |<[—] or i > n and dx(Pn, 1) > Oif [”—“ <i<n

Lemma 2.4. Let B,, n> 4 be the path with |V(Pn)| = n.

(i) If D2(Pn-1, i—1) = ¢ and D2(Pn-3,i—1) = ¢, then Dz(Pn-2, i—1) = ¢.
(ii) If D2(Pn-1,i—1) # ¢ and D2(Pn-3i—1) #6¢, then D2(Pn-2, i—1) # ¢.
(iii) If D2(Pn-1, i—1) = ¢ and D2(Pn-2,i—1) = ¢, then D2(Pn, i) = ¢.

(iv) If D2(Pn-1,i—1) # ¢ and D2(Pn2,i—1) # ¢ then Da(Pn, i) # ¢.

Proof. (i) Since D2(Pn-1, i—1) =¢ and D2(Pn3, i—1) = ¢,
by Lemma 2.3,

n-—2

i—1> n—1 or i-1< E] and i-1> n=3 or i-1 <[T'
Therefore, i—1> n—1 or i—1 <["T_2]
Hence,i —1>n—2 or i—1 <[n7_1]holds. Therefore, D2(Pn-2, i—1) = ¢.
(ii) Suppose that D2(Pn-2,i—1) = ¢, So by Lemma 2.3,
we have, i—1> n—2 ori—1<["7_1]. If i—1 >n—2, then i—1> n-3.
Therefore, D2(Pn-3,i—1) = ¢, a contradiction. If i—1 < [nT_l] then i—1 < E]
Therefore, D2(Pn-1, 1—1) = ¢, acontradiction. Hence, D2(Pn-2, i—1) # ¢.
(iii) Since D2(Pn-1,i—1) = ¢ and D2(Pn-2, i—1) = ¢, by Lemma 2.3,

i—1 > n—1or i— 1<Hand| 1> n—2or |—1<[nz1

173



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

Therefore, i—1> n—1 or i—1 <[n7_1] Hence,i> nori <["T+1] holds.
Therefore, D2(Pn, i) = ¢.

(iv) By hypothesis,[gl <i—1<n-1and [nT_ll <i—1<n-2.
Therefore, ["7_1] <i—1<n-—1. Therefore, [nTH] < i < n holds.
Therefore, D2(Pn,i) # ¢.

Lemma 2.5. Suppose that D2(Pn, i) # ¢, then for every n > 5, we have

(i) D2(Pn-1, i—=1) = ¢, D2(Pn-2, i—1) # ¢, D2(Pn3,i—1) = ¢ if and only if n=2k—1 and i
=k forsomek>3.
(ii) D2(Pn-2, i—1) = ¢, D2(Pn-3, i—1) = ¢ and D2(Pn-1, i—1) # ¢ if and only if i=n.

(iii) D2(Pn-1, i—1) #¢, D2(Pn-2, i—1) #¢ and D2(Pn-3, i—1) = ¢ if and only if i =n—1.
(V) Do(Pn, i—1) # ¢, Da(Prz, i—1) %4, Da(Pns, i-1) % iff|2| + 1<i<n-2.

Proof. (i) Assume that D2(Pn.1, i—1) = ¢, D2(Pn2, i—1) # ¢ and D2(Pns, i—1) # ¢

Since, D2z(Pn1, i-1) = ¢, by Lemma 23, i-1 > n-1 or -1 <E]
If i—1> n—1, then i >n, which implies D2(Pn, i) = @, which is a contradiction. Therefore,
. n . - n
-1 < H That IS, [ < H ------------------- (1)
Since, D2(Pn-2, i—1) * d, we have [ ] <i—-1<n-2.
Therefore, ["T_I] +1<i e (2). Since, D2 (Pn-3, i—1) # ¢, we have

[E] <i—1<n- 3. Therefore, ["—_2] R ) J— 3)

2 2

Since, D2(Pn, i) # ¢, we have [nT“] < i <n, Therefore, [’%’1] o P — (4)
Combining all these inequalities, we have [nTH] <i< E] -------------------- (5)

when n # 2k—1,we get an inequality of the form s < i < s ,Which is not possible.
when n = 2k—1, (5) holds . In this case i = k.
Conversely, assume that n = 2k—1 and i = k. Therefore, n—1 = 2k—2 and i—1 = k—1.

Therefore, k =22 and k—1 =21 We have, i-1 = k—1= "—_1<[f]
2 2 2 2

Therefore, D2(Pn-1, i—1) = ¢. Also, D2(Pn-2, i—1) = D2(P2«-3, k—1) # ¢, since
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[2k—23+1] - [2k2—2] =k —1. Da(Pn3, i—1) = Da(Pak-4, k—1) # ¢. Since

[2k—24+1] - [ZkZ—S] —k_1.

(ii) Assume that D2(Pn-2, i—1) = ¢, D2(Pn-3,i—1) = ¢ and D2(Pn-1,i—1) # ¢.
Since, D2(Pn-2, i—1) = ¢ and D2(Pn-s, i—1) = ¢, by Lemma 2.3, we have,

i—1>n-2 or i—1<["7_1] and i—1>n-3 or i—1<[”7_2.
Therefore,i—1>n—-2o0r i—1 <[”T_2] Since D2(Pn-1, i—1) # ¢,
we have E] <i—-1<n-1.1If i—1<[”7_2],then i—1 <E]

Therefore, by Lemma 2.3, D2(Pn-1, i—1) # ¢, which is a contradiction.

Sowe have, i—1> n—2.Thatis,i >n—1.Therefore, i >n ---------ememem- (2).
Also, Since Da(Pn, 1) # ¢, IS N —-m-mmmmmmmmmmm- (2). Combining these we get i = n. Conversely,
if i=n,

D2 (Pn2, i—=1) =D2 (Pn2, n=1) = ¢
D2 (Pn3, i—1) = D2 (Ph3,n—1) = ¢
Dy (Pn-l, i—l) =D (Pn-l,n—l) * ¢
(iii) Assume that D2(Pn-1, i—1) # ¢, D2(Pn-2, i—1) # ¢ and D2(Pn-3, i—1) = ¢.
Since, D2(Pn-3, i—1) = ¢ then by Lemma 2.3, i—1> n—3ori—1 <["T_2 ------------- (1) Since,
D2(Pn-1, i—1) # ¢, we have E]s iI—1< n—1----mmmmmmemee (2)

Suppose, i—1 <[”T_2] then (2) does not hold. Therefore our assumption is wrong.

Therefore, i—1 > n—3. Also, since D2(Pn-2, i—1) # ¢, [nT_l]si—l < n-2---- 3)

But, i—1> n—3.Therefore, i =1 > N—2 --------=-----omn-—- 4
From (3) and (4) we get, i—1 = n—2. Therefore, i = n—1.
Conversely, Suppose i =n—1.
Then, D2(Pn-1,i—1) = D2(Pn.1,n—2) # ¢,
D2(Pn-2,i—1) = D2(Pn-2, n—2) # ¢ and D2(Pn-3, i—1) = D2(Pn-3, N—2) = ¢.
(iv) Assume that, D2(Pn-1,i—1) # ¢, D2(Pn-2,i—1) # ¢, D2(Pn-3,i—1) # ¢,

Then by Lemma 2.3, We have,[%]s i—1<n-1, ["T_lls i-1<n-2and

["z;zls i—1< n-3.So, E]s i—1 < n—3and hence [§]+1 <j<n-2.
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Conversely, SupposeE]ﬂ <i< n-2.
Therefore,[%]g i—1< n—3. Then,
|=|<i-1< n-2, [=2|< i-1< n-3, [5]< i=1< n-1holds.
2 2 2
From these we obtain, D2(Pn-2, i—1) # ¢, D2(Pn-3, i—1) #¢ and D2(Pn.1, i—1) # ¢.

Theorem 2.6. Forevery n > 3 and i>[”T+1

(i) D2(P2n-1,n)={1,3,5,7 ....2n-1}.

(ii) If D2(Pn-2, i—=1) = ¢, D2(Pn-3, i—1) =¢ and D2(Pn-1, i—1) # ¢,

then D2(Pn,i) = D2(Pn, n) =[n].

(iii) If D2(Pn-1, i—1) #¢, D2(Pn-2ji—1) # ¢ and D2(Pn3, i—1) = ¢ then
D2(Pn,i) = D2(Pn, n=1) ={[n] —{x} / x<[n] and x # 1, n}.

(iv) If D2(Pn-1, i—1) = ¢, D2(Pn-2,i—1) # ¢ then,

D2(Pn,i) = {XU{n} X € Do(Pn2i—1)}.

(V) If D2(Pn-1, i—1) #, D2(Pn2i—1) =¢ then,

D2(Pn,i) ={Y U {n} /Y € Da(Pn-1i—1)}.

(vi) D2(Pn-1, i—1) = ¢ and D2(Pn-2, i—1) = ¢ then, Da(Pn, i) = {Xu{n}UYU{n}}
where X € D2(Pn-2, i—1) and Y € Dz(Pn.1,i—1).

Proof. (i) For every n > 3, D2(P2n-1, n) has only one 2-dominating set as,
D2(P2n-1,n)={1,3,5,7,9 ............ 2n—1}.
(if) Since D2(Pn-2,i—1) = ¢, D2 (Pn-3,i—1) = ¢ and D2(Pn-1,i—1) # ¢.
By Lemma 2.5, (ii) i = n. Therefore, D2(Pn, 1) = D2(P2n, n) = [n].
(iii) Since, D2(Pn-1,i—1) # ¢, D2(Pn-2,i—1) # ¢ and D2(Pn-3,i—1) = ¢.
By Lemma 2.5, i =n—1.
Therefore, D2(Pn, 1) = D2 (Pn, n—=1) = {[n] — {x}/ xe[n] and x # 1,n}.
(iv) Let X be a 2-dominating set of P> with cardinality i — 1. All the elements of
D2(Pn-2, n—1) end with n — 2. Therefore, n — 2 €X, adjoin n with X. Hence, every X of
D2(Pn-2,i—1) belongs to D2(Pn,i) by adjoining n only.
Conversely, Suppose Z € D2(Pn,i). Here all the elements of D2(Pn,i) end with n only. Suppose
n € Z, then Z = XU {n}where X ends with n — 2.

(v) Let Y be a 2-dominating set of Pn.1 with cardinality i — 1. All the elements of
D2(Pn-1, i—1) end with n — 1. Therefore, n — 1 €Y, adjoin n with Y. Hence, every Y of D2(Pn-
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1, i—1) belongs to D2(Pn, i) by adjoining n only. Conversely, Suppose Z € D2(Pn,i). Here all
the elements of D2(Pn,i) end with n only. Suppose n € Z, then Z = Yu{n} where Y ends with
n-1.

(vi) Construction of D2(Pn,i) from D2 (Pn-1, i—1) and D2(Pn-2, i—1).

Let X be a 2-dominating set of Pn.» with cardinality i — 1. All the elements of
D2(Pn-2, i—1) end with n — 2. Therefore, n — 2 € X, adjoin n with X. Hence, every X of D2(Pn-
2, 1—1) belongs to D2(Pn, i) by adjoining n only. Let Y be a 2-dominating set of Pn1 with
cardinality i — 1. All the elements of D2(Pn-1, i—1) end with n—1. Therefore, n — 1€ Y, adjoin
n with Y. Hence, every Y of D2(Pn1, i—1) belongs to Dz(Pn, i) by adjoining n only.
Conversely, Suppose Ze Do(Pni). Here all the elements of D2(Pn, i) end with n only.
Suppose n € Z, then Z = {XU{n}UY u{n}} where X ends with n — 2, X € D2(Pn-2, i—1) and
Y ends withn—1, Y € D2(Pn-1,i—1).

Theorem 2.7. If D2(Pn, i) be the family of the 2-dominating sets of P, with cardinality

i, where iz["T“] then, da(Pn, i) = do(Prn—1) + do(Pr2n—1).

Proof. From Theorem 2.6, we consider all the four cases as given below, where
iz[”T“ :

(i) If D2(Pn-1, i—1) = ¢ and D2(Pn-2, i—1) = ¢ then D2(Pn, i) = ¢

(ii) If D2(Pn-1, i—1) = ¢, D2(Pn-2,i—1) # ¢ then, D2(Pn,i) = {XU{n}/X € D2(Pn-2i—1)}

(iii) If D2(Pn-1, i—1) #¢, D2(Pn-2,i—1) = ¢ then, Da(Pn,i) = {YU{n}/Y € D2(Pn.1,i—1)}.

(iv) D2(Pn-1, i—1) # ¢ and D2(Pn-2, i—1) # ¢ then, Do(Pn, i) = {X U {n}UY U {n}}

where X€& D2(Pn-2, i—1) and Y € D2(Pn-1,i—1)

From the above construction in each case, we obtain that dz(Pn, i) = d2(Pn-1,i—1) + d2
(Pn-2i—1)
3. 2 Domination Polynomials of Paths

Definition 3.1. Let D2(Pn, 1) be the family of the 2-dominating sets of P, with

cardinality i and let da(Pn,i) = |D2(Pn, i)|. Then, the 2-domination polynomial D2(Pn,x) of Py

is defined as, D2(Pn, x) = ?z),Z(Pn) d,(P,, D)xt, where y,(P,) is the 2-domination number of

Pn.
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Theorem 3.2. For everyn > 5
D2(Pn, x) = x [D2 (Pn-1, x) + D2(Pn-2, x)] with initial values

D2(P2, x) = x?
D2(Ps, x) = 2%+ 3
Proof. We have d2(Pn, i) = d2(Pn-1, i-1) + d2(Pn-2, i-1)
Therefore, d2(Pn, i)x ' = d2(Pn-1, i-1) 2" + d2(Pn-2, i-1) x
Yd2(Pn, i) ' =Xd2(Pn1, i-1) 2 ' + Xd2(Pn2, i-1) x
> do(Pn, i) ' =X d2(Pn-1, i-1) 2™ + £X.dp (Pn-z, i-1) 22
D2(Pn, ) = x D2(Pn-1, ) + xD2(Pn-2, x)
D2(Pn, ) = x [D2(Pn-1, ) + D2(Pn-2, x)]
with the initial values
D2(P2, x) = x?
D2(Ps, x) = %+ x3

We obtain dz (P, i) for2<n<15and 2 <i < 15 as shown in Table 1

Table 1
nfii | 2 3|1 4 |56 |7 8 9 |10 | 11 | 12 | 13 | 14 | 15
P2 1
Pz | 1 1
Ps | O | 2 1
Ps 0 1 3 1
Ps | O | O] 3 |41
P | 0 | O 1 16|51
Ps | 0O | O| O | 4 |10] 6 1
Po | O |]O0O|] 0 |1 10|15 7 1
Po| O | O] O |O0O|5 20|21 | 8 1
Pn| O | O] O |O0O]| 1 |15]3 [28]| 9 1
P| O |O0O| O | 0|0 |6 |3 |5/ 3] 101
Ps| 0 |O0O|] O |]O0O|]O0 |1 291|708 45|11 | 1
Pu| O O] O] O0O]O0]O 7 |56 126|120 |55 |12 | 1
Ps | 0O [0O] O |]O0O]|]O0]O 1 |28 |126|210|165|66 |13 | 1
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Theorem 3.3. The following properties hold for the coefficients of D2(Pn, x).

(i) d2(Pn, n) = 1, for every n > 2.

(ii) d2(Pn, n—1) =n—2, for every n > 3.

(iii) d2(Pn, n—2) = > [n*~7n + 12], for every n > 5.

(iv) d2(Pn, n—=3) = % [n®—15n2 + 74n—120], for every n > 7.

(v) d2(Pn,n — 4) = i [n*—26n° +251n?—1066n+1680], for every n > 8.

(vi) d2(P2n+1, n+1) = 1, for every n > 1.

(vii) d2(P2n, n+1) = n, for every n > 2.

4. Conclusion

In this paper, 2-domination polynomials of paths has been derived by identifying its

2-dominating sets. It also help us to characterize the 2-dominating sets of cardinality i. We

can generalize this study to any power of path and some interesting properties can be

obtained via the roots of the 2-domination polynomial of Pp.
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ABSTRACT
Numeric features called molecular topological descriptors are crucial for predicting
the bioactivity of molecular structures effectively. In this article, we calculate the distance
based topological indices, including the modified Wiener index and modified hyper-Wiener
index for a Nanorod graph.
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1. Introduction

For notations and terminology related to graph theory not included here, we refer to
[1]. In mathematical chemistry, the graphical representation of a chemical compound is an
illustration of its structural formula [2]. Chemical graph theory is a branch of theoretical
chemistry that employs graph theory to represent and analyze the structural aspects of
molecules. In this framework, atoms are depicted as vertices, and chemical bonds are
represented as edges connecting these vertices. The application of graph theory to chemical
structures allows for the exploration of molecular connectivity topological indices. A
topological index is a numerical constant associated with a molecular descriptor. It is also
recognized as a graph-theoretic index, representing a numerical measure tied to the structure
of the molecular graph and reflective of distinct chemical and physical properties.
Topological indices fall into various classes, encompassing distance-based, degree-based, and
eccentricity-based indices [3].

The Wiener index, introduced by Harry Wiener in 1947, is the sum of distances
between all pairs of vertices in a graph. Harry Wiener demonstrated the correlation between
the Wiener index and various properties of alkanes in a series of research articles published
from 1947 to 1948 [4, 5]. The Wiener index garnered significant interest among
mathematicians around 1970 when it was introduced in graph theory as the “distance of a
graph.” It was subsequently explored further in the context of the average distance of a graph

[6, 7, 8].
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In this article, we analyze distance-based topological indices for the optical properties
of a Nanorod graph. The authors, Sonia et al. [9], conducted prior research examining the
bioactivity of CuO nanorods synthesized under different concentrations of NaOH. The
Nanorod graph was defined and generated by S. Sobiya, S. Sujitha, and M. K. Angel Jebitha
using the methodology outlined in [10]. The distance between any pair of vertices is denoted
by d(u, v) and is the length of the shortest path between the two vertices.

Definition 1.1.[11] For a simple connected graph G, the modified Wiener index is

denoted by W,(G) and is defined as W;(G) = %Zu,veV(G) d(u,v)* where A is any positive

integer.

Definition 1.2.[11] For a simple connected graph G, the modified hyper-Wiener index
denoted by WW;(G), and is defined as WW,(G) = %Zu_,,ev(c)[d(u, v)* + d(u, v)**]where
A is any positive integer.

2. Nanorod graph

The Nanorod graph is a simple, connected graph, and is denoted by Gy,. In a
Nanorod graph, the vertex set V(Gy,) corresponds to different NaOH concentrations and an
edge set E(Gy,) corresponds to the UV spectrum parameters. In this article, we leverage ten
step values, designated as ‘k’[i.e. k = 0.1, 0.09,0.08,0.07,0.06, 0.05,0.04,0.03,0.02,0.01].

The order of the Nanorod graph, represented as 'p’ (p:[%5 + 1J) and the size is 'q" and the

reaction time is t = 2 and pH = 12 in the comprehensive study of topological indices.

Figure 1 shows a Nanorod graph with step value k = 0.1

v B

Figure 1: Nanorod graph Gy, with k = 0.1
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3. The Distance Based Topological Indices of a Nanorod Graph
In this section, we establish formulae for distance-based topological indices, including
the modified Wiener index and modified hyper-Wiener index, for a Nanorod graph. Here, A
represents any positive integer, and we consider A as the NaOH concentration (i.e., 0.5, 1, 1.5,
2).
Theorem 3.1 For a Nanorod graph Gp,, the modified Wiener index is
Wy (Gyy) =
f[zzi 2+ 2 = 2 4 0 E—Z]ﬂ] + 3 [size(@))}if k = 0,n =t — 1,k = 0.09,n = t,k = 0.08,
n=t+land k=007, k=t+ 2
[22—1 %—;—an +;5—:n —S%f+%]’1] +%[size(q)]’1 if k=0.06,n=t—1k=0.05n=tand
k=004n=t+1
[22—/1 [O.Z:)H 3;;10 n? — 7;§pn + SZ'ZIP + %]’1] +%[size(q)]’1 if k=003,n=t—-1,k=0.02,n=tand
\ k=001l,n=t+1
Proof. We know that the modified Wiener index of a Nanorod graph Gy, is

<

1
WiGn) =5 ) d(wv)?

u,veV(Gny)

It’s clear that, the distance between any of any vertices of a Nanorod graph is

either one or two.
Case(i) :d(w,v) =1 for allu,v € V(Gy,) and for all k

. 1
In this case, W;(Gny) =3 Zuvevcy,) 4w v)*

[d(ug,vy) + . +d Uy, v3) + -+ oo+ AUy, vy) + .. ]

N =

1 A
=S+ 1+

[size(q)]*

N =

Case(ii) :d(u,v) = 2 for allu,v € V(Gy,) and for different k

Subcase (a) :k = 0.1,0.09,0.08 and 0.07

[d(uy,vy) + -+ duy, v3) + - e ]?

N[ =

Wi(Gyy) =
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2+2+2+..]4

NlH

[[3p+p—(n —6n? + 15n — 8)+%] 1*

NlH

21 45 6 15 8
:_Fﬁ+£ﬁ_lﬂ+ P _ 5P
215 pH pH pH pH

Subcase (b) :k = 0.06,0.05 and 0.04

Wi (Gyy) = %[d(ul, V) + o+ d(uy, v3) + e
12 242 A
=s2+2+2+ ]

1 p
E[[3p+[pH[05 (2n? —15n+31ﬂ =J12*

21 2 2 15 31p 4.5
[p _2 o, e 31p 45p,
0.5pH pH pH pH 15

Subcase (c) :k = 0.03,0.02 and 0.01

N[ =

Wi (Gry) = = [d(ug, vp) + -+ d(up, v3) + oo A

2+2+2+..]4

l\)lr—\

_1 p p 2 P A
—-ZHBp-+[pH[05-+(367n 715n-+572)]+—L5]2]

24 p? 367 77.5 57.2p 4.5
Sy Nl % B el il ST
2 0.5pH pH pH pH 1.5

From Case(i) and Case(ii), we have
W, (Gyy) Tor the Nanorod graph with step value k = 0.1, 0.09, 0.08 and 0.07

45p p 6p 15p 8p S|
Wi(Gyy) = -2y — - | 4 [si A
L (Gyyr) = Tz +pHn pHn + ol n ol +2[SLze(q)]

W, (Gy,) Tor the Nanorod graph with step value k = 0.06, 0.05 and 0.04
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zﬂl P> 2p 2+15p _31p 45p

A

1
W-. = — — T Tei A
WGy = 1o "™ T om " T on 1.5] + 3 lsize(@)]

W, (Gy,) Tor the Nanorod graph with step value k = 0.03,0.02 and 0.01

21[ p? 367p , 775p  57.2p 4.5pr 1
ne — n +

_Z e b}
Wi(Gyr) = > 0.5pH+ ol m + H e 2[Slze'(q)]

Theorem 3.2 Let Gy, be a Nanorod graph. Then the modified hyper- Wiener index is

WW, (Gny)

[size(q)]*(1 + size(q))*
2

2*45p p , 6p , 15p  8p . 45p p , 6p , 15p 8D 12
T[F‘}'p—Hn —p—HTl +p—HTl—E] [1+[E+p—HTl —p—HTl +p—Hn_p_H] 2 ]+
ifk=01n=t—1,k=009n=tk=008n=t+1andk=007,n=t+2
24 p2 2 15 31p 45 22 15 31p 45 size(q))*(1 + size(q))*
P2, 15 Blp ASpy T 2P, 15 __p+_p],12,1]+[ (@]1*( (@)
2 '0.5pH pH pH pH 15 0.5pH pH pH pH 15 2
ifk=006n=t—1,k=005n=t andk=0.04,n=¢t+1
24 p? 367 77.5 57.2p 4.5 2 367 77.5 57.2p 4.5
el R 30 P O PN BN O S il % ] P i &
2 "0.5pH pH pH pH 1.5 0.5pH pH pH pH 1.5
; 2 ; 2
size 1+ size
| Lsize(@)] (2 2@t = 0.03,m=t -1,k =002n=tandk=00Ln=t+1

/121]

Proof. We know that the modified hyper- Wiener index is

WW,Gn) =5 . [dGw )+ (dw v) ]

u,vEE(Gny)

Since the distance between any pair of vertices of a Nanorod graph is either one or

two, we have two cases.

Case(i) :d(u,v) =1 for allu,v € V(Gy,) and for all k

. 22
In this case, WW; (Gny) = 3 Suver Gy | A )4 + (4w, 1)) ™|

[[d(ug,vy) + . +d Uy vp) + - e+ d(Up, vy) + .. ]2

N =

+ [d(uy, v1) + -+ d(uy, v3) + - o+ dUy, 1) + .. 174
= %[[1 +14- P14 ]2

[size(q)]*(1 + size(q))*
2

Case(ii):d(u,v) = 2 for all u,v € V(Gy,) and for different k
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Subcase (a):k = 0.1,0.09,0.08,0.07

1
WWA(GNT') = E{[d(ul, Uz) + .-+ d(uz, 7.73) + - ]A
+ [d(ul,vz) + “'+d(u2,v3) + ]2/1}
_1 [[3p + (ﬂ (n® —6n%+15n—-18) + i)] 2]
2 pH 1.5
+ [Sp + (i (n® — 6n? — 15n — 8) + i)]m 224
pH 1.5
2
2" 45p p 3_6_p 2+@ 8p/11

=t oE™ TR Yo o

Subcase (b):k = 0.06,0.05,0.04

1
WWX(GNT) = E{[d(ul, vz) + -+ d(uZ, 173) + - ]A
+ [d(uy, vp) + -+ + d(uy, v3) + I 23
1 p (D p \I!
— I 2 _ L A
=3 {l3p + (pH (0_5 (2n* — 15n + 31)) + 15)] 2
r (P _ 2 _ P \i21-22
+ [3p + (pH (0.5 (2n 15n+31)> + 1.5>] 224}
24 2 2 15 31p 4.5
p~_ _2% ., bw 3lp 450,

=7[0.5pH pH pHn pH 15

2 15 31 4.5
p P , n Pn_ P_I_ p]’12’1]
0.5pH pH pH pH 15

Subcase (¢):k = 0.03,0.02 and 0.01

1
WW;y(Gyy) = E{[d(ul,vz) + ot d(uy, v3) + e ]A

+ [d(uq,vy) + -+ d(uy, vs) + R
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A
PE, (36.7n% — 77.5n + 57.2)) + 1%)] 24 + [3p

1
-2+ (s

+ <£ <1 + (36.7n* — 77.5n + 57.2)> + 1%)]”2“}

pH\0.5

24 2 36.7 77.5 57.2p 4.5
p P, P P p]M

2 O.5pH+ pH " pH pH 1.5
2
p 36.7p , 77.5p 572p 45p_, 5
+[O.5pH+ pH " pH n pH * 1.5] 2]

Therefore, from Case (i) and Case(ii) we have

W, (Gy,) for the Nanorod graph with step value k = 0.1, 0.09, 0.08 and 0.07

24 45 6 15 8
p P 3 5P 2+_pn__p]ﬂ[1

WW)(Gyy) = 7[ G +p—Hn pHn H e
45p p , 6p , 15p 8p_,
Ty~ 3= - —— 1424
T tor™ Tor™ ton ™ 1727]
N [size(q)]l(l + size(q))’1
2

W, (Gyy) Tor the Nanorod graph with step value k = 0.06, 0.05 and 0.04

24 p? 2p , 15p  31p 4.5p
= Y — _ A
WWolGnr) =5 spm ~pr™ T or ™ pH T 150 L

4.5p

1.5 12%]

2 2 15 31
+ [ P__ P P, 2P
0.5pH pH pH pH
N [size(q)]*(1 + size(q))*
2

W, (Gyy) Tor the Nanorod graph with step value k = 0.03,0.02 and 0.01

24 p?  36.7p 775p  57.2p 4.5p
WW,(Gyy) = = 2 — 1
3(Gyr) 2 [O.SpH + pH n pH n pH + 1.5]
2 367 77.5 57.2p 4.5
+ P L% SRS —p+—p]’12’1]
0.5pH pH pH pH 1.5
N [size(q)]*(1 + size(q))*

2
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4. Conclusion

In this article, we calculated the distance based topological indices such as modified

Wiener index and modified hyper-Wiener index of a Nanorod graph Gy, with respective

order p, time t and pH value.
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ABSTRACT

In recent decades, a number of forecasting models based on the ideas of fuzzy time
series have been put forth. These models have been widely used to address a wide range of
problem domains, particularly those involving forecasting when the historical data are
linguistic values. The development of fuzzy time series, the creation of a time-invariant
model, and its application to coal production forecasts are presented in this study. It includes
an analysis of the revised arithmetic model developed by Srivastava and Singh, along with
estimates conducted to predict India's coal production. The 40 years of historical data serve
as the foundation for the time series forecasting. Error estimates are used to analyse this
model. The suggested approach is used to forecast data on coal production.

Keywords: Arithmetic model, Coal production, Fuzzy time series, Srivastava and Singh.

1.Introduction

A time series is a sequence of discrete temporal data that is uniformly spaced. It may
include some or all of the following components: trend, cyclical, seasonal, and irregular. A
trend is a long-term pattern, whereas a cyclical is a sequence of up and down movements.

Seasonal, on the other hand, is a consistent change within the same month or quarter,
whereas irregular is an unexplained random component. Forecasting is the prediction of
future values based on previous and current time series data trends. Short-term forecasting
(STF), medium-term forecasting (MTF), and long-term forecasting (LTF) are the three types
of forecasting.

Zadeh firstly proposed the concept of fuzzy set theory in 1965. Song and Chissom [1],
based on Zadeh's work, were the first to apply the concept of the fuzzy set to time series and
build a first-order time-invariant Fuzzy time series model in 1993. Song and Chissom later
applied time-invariant and time-variant FTS on Alabama University enrollment from 1971 to
1992. Chen [2] proposed other method of defuzzificztion on arithmetic operations. Ravi [3]

analysis based on opinion mining for CRM in financial services.
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2. Basic Definitions

Definition 1:
Let U = {uy,uy,, ... .. ,U,} be a universe of discourse (universal set); a fuzzy
set A of U is defined A= fy(u)/uifa(u)/uy .ooenon. fa(up)/uy, , where f£,is a

membership function of a givenset 4, f,:U —[01].

Definition 2 [1]:

LetY(t), (t =---,0,1,2,...), a subset ofU, be the universe of discourse defined by the
fuzzy set u;(t). If F(t) consists of u;(t) (i=1,2,3,...), F(t)is called a fuzzy time series onY(t).

Definition 3:

If there exist a fuzzy relationshipR (t—1,t), such thatF(t) = F(t—1)°R (t—
1,t)where ° is an arithmetic operator, thenF(t) is said to be caused by F(t—1). The
relationship between F(t)andF(t — 1) can be denoted by F(t — 1) — F(t).

Definition 4:

Suppose F (t) is calculated by F (t-1) only, andF(t) = F(t— 1)° R (t — 1,t). For anyt,
if R (t—1,t) is independent of t, then F (t) is considered a time invariant fuzzy time series.
Otherwise, F (t) is time — variant.

Definition 5:

SupposeF(t — 1) = 4; andF (t) = 4;, a fuzzy logical relationship can be defined as
A;—A; Where A;and A; are called the left-hand side and the right-hand side of the fuzzy
Definition 6: A membership function for a fuzzy set A on the universe of discourse
X is defined as p,4:X— [0,1], where each element ofX is mapped to a value between 0 and 1.
This value, called membership value or degree of membership, quantifies the grade of
membership of the element in Xto the fuzzy setA.
3. First Order Fuzzy Relations in time invariant model
Suppose F(t)as a fuzzy time series (t =0, 1, 2, ....). For the first order model R(t, t —
1)of F(t)for any f;(t) € F(t)where j € ] there exist an f;(t — 1) € F(t — 1) where | €I then
the fuzzy relation R;; (t, t — 1)is such that
fi(t) = fi(t-1) ° R;; (t,t-1)
which is equivalent to IF.....THEN rule as “IF fi(t-1) THEN fj(t)”
R; (tt-1) = Uy R;;(tt-1)
R;j(tt-1) = fi(t-1) x fi(t-1)

€0

Here the operator “*” is called Mamdani type max min operator.
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4. Fuzzy Time Series Production Forecasting: Algorithm

The following stages can be used to create and implement a fuzzy time series
forecasting model:

Step 1: Define the universe of discourse using the time series data on which fuzzy
sets are to be formed.

Step 2: Divide the universe of discourse into equal length periods [4].

Step 3: Define the fuzzy sets (linguistic variables) on the universe of discourse.

Step 4: Fuzzification of time series coal production data for fuzzy input.

Step 5: Calculate the fuzzy logical relationships [5].

Step 6: Calculate the predicted coal production (fuzzy output).

Step 7: Defuzzification of the fuzzy output of coal production for Crisp forecasting.

5. Computational Techniques: The implementation of the aforesaid algorithm for
coal production projection is based on a 40-year period (1980-2019).

Step 1: Define the discourse universe in relation to the time series data. It requires the
minimum and maximum output to be configured as D,,;, andD,,,,.. Thus, U is defined as
[Dinin- D1, + DimaxtD,], Where Djand D, are two valid positive numbers. In the current
situation of production forecasting, the computed universe of discourse is U = [100-800].

Step 2: Divide the universes of discourse into 7 equal length intervals us, u,...., uz,
such thatu; = [100 — 200],u, = [200 — 300],u3 = [300 — 400],u, = [400 —
500], us = [500 — 600],us = [600 — 700],u; = [700 — 800].

Step 3: Define 7 fuzzy sets Ay, Ao, ...,A7 having linguistic values on the universe of
discourse U. The following are the linguistic values to these fuzzy variables:

Aq: low production, Az: under average production, As: usual production,

A4: good production, As: fantastic production, As: excellent production,

A7 extra ordinarily huge production.

The membership of these fuzzy sets to distinct intervals is as follows:
Al : [1/u11'5/u2)0/u3IO/u4l0/u510/u6l0/u7]

AZ : ['S/uli1/u2J0'5/u3)0/u4ﬁ0/u5)0/u610/u7]
A3:[O/ull's/uZJ1/u310'5/u410/u510/u6i0/u7]
A4 : [0/u1:0/u2;0-5/113,1/u4;0-5/u5,0/u6;0/u7]

As : [0/uy,0/u,,0/us,0.5/u,,1/us,0.5/ug,0/uy]
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Ag: [0/uy,70/uy,,0/us,0/uy,0.5/us,1/uq,0.5/u;]

A7 : [0/u1;0/u2;0/u3,0/u4;0/u5;0-5/u6,1/u7]

Vol. 14 No. 2

Step4: Fuzzification of time series data of coal production for the fuzzy input [6] to the

models are as follow.

Table 1: Fuzzification of time series data of coal production

Year | Production A A, A A, Ag Ag A, | Fuzzified
Data Production
1980 13.9 1 0.5 0 0 0 0 0 Ay
1981 124.2 1 0.5 0 0 0 0 0 Ay
1982 130.5 1 0.5 0 0 0 0 0 A
1983 138.2 1 0.5 0 0 0 0 0 Ay
1984 147.4 1 0.5 0 0 0 0 0 Aq
1985 154.2 1 0.5 0 0 0 0 0 A
1986 165.8 1 0.5 0 0 0 0 0 Ay
1987 179.7 1 0.5 0 0 0 0 0 Aq
1988 194.6 1 0.5 0 0 0 0 0 Aq
1989 200.9 0.5 1 0.5 0 0 0 0 A,
1990 2111 0.5 1 0.5 0 0 0 0 A,
1991 229.3 0.5 1 0.5 0 0 0 0 A,
1992 238.3 0.5 1 0.5 0 0 0 0 A,
1993 246.0 0.5 1 0.5 0 0 0 0 A,
1994 253.8 0.5 1 0.5 0 0 0 0 A,
1995 270.1 0.5 1 0.5 0 0 0 0 A,
1996 285.7 0.5 1 0.5 0 0 0 0 A,
1997 295.9 0.5 1 0.5 0 0 0 0 A,
1998 292.3 0.5 1 0.5 0 0 0 0 A,
1999 300.0 0.5 1 0.5 0.5 0 0 0 A,
2000 309.6 0 0.5 1 05 0 0 0 Aq
2001 327.8 0 0.5 1 05 0 0 0 Aq
2002 341.3 0 0.5 1 0.5 0 0 0 A,
2003 361.3 0 0.5 1 0.5 0 0 0 A,
2004 382.6 0 0.5 1 0.5 0 0 0 Aq
2005 407.0 0 0 0.5 1 0.5 0 0 A,
2006 430.8 0 0 0.5 1 0.5 0 0 A,
2007 457.1 0 0 0.5 1 0.5 0 0 A,

191



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2
2008 | 4928 0 0 0.5 1 0.5 0 0 A,
2009 | 5320 0 0 0 0.5 1 0.5 0 Ag
2010 | 5327 0 0 0 0.5 1 0.5 0 As
2011 | 5400 0 0 0 0.5 1 0.5 0 As
2012 | 556.4 0 0 0 0.5 1 0.5 0 Ag
2013 565.8 0 0 0.5 1 0.5 0 As
2014 609.2 0 0 0 0.5 1 0.5 Ag
2015 639.2 0 0 0 0.5 1 0.5 Ag
2016 657.8 0 0 0 0.5 1 0.5 Ag
2017 675.4 0 0 0.5 1 0.5 Ag
2018 728.7 0 0 0 0.5 1 A,
2019 730.8 0 0 0 0.5 1 A,

Step 5:  The fuzzy logical relationshave obtained from the table 1 are as:

Table 2: Fuzzy logical relationships of the historical coal production

Ay > A, AL > A, AL A, AL A, AL A, A
> Ay, Ay > A, Ay DAy Ao A

Ay 2 Ay, Ay o Ay Ay - Ay, Ay > Ay Ay o Ay, Ay o Ay,

Ay, = Ay, A, 5 Ay, Ay > AyA;, & Ay, Ay - Ag
Az > A3, Az > A3, A3 > Az, A3 > A3, A3 > A,
Ay > Ay, Ay > Ay, Ay > Ay, Ay > Ag
As = As, As > As, As > As, As — A, Ag — Ag
Ag = Ag, Ag = Ag, Ag = Ag, Ag — Ay
A, - A,

Table 3: Fuzzy logical relationship groups

1 A - Ay A > A,
2 A, = A, Ay, = Az
3 A; - A, A; - A,
4 Ay, = Ay Ay > Asg
5 As = Ag As > Ag
6 Ag = Ag Ag = Ay
7 A, = A,
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The fuzzy time invariant relation R from above 13 logical relations can be obtained as:

R = UR;hereUis the Union operator. Whereas the calculations of R;(i=1,2,....,13)
are carried out by "IF.... THEN" with the process: If sets A and B are row vectors of order p
and the logical relation between them is such thatA — B, then fuzzy relation R, is obtained in
form of a matrix C= A" xB of dimensionp x p , hereC;;= min (4;,B;;(i,j = | — p).Thus
computation all the fuzzy logical relations R4, ...., Ry3and taking the union of these computed
relations, we obtain a fuzzy time invariant relation R as

11050000
051105000
R=1005110500
1000005051

Step 6: Computation of fuzzy forecast of the coal production have been carried by the
model
6. Srivastava and Singh’s Refined Arithmetic Model [6]

LIf the fuzzified production of the year is A;,and there is only one fuzzy logical
relationship in the fuzzy logical relationship groups in Table 3 in which the recent state of the
production is A;,then the fuzzy forecasted production of the year is i + 1isA;.

2.If the fuzzified production of the year is Ajand there are fuzzy logical
relationships in the fuzzy logical relationship group as:

Ai - A, 4;j- A.,...... , Aj = Ay, the Ajforming a relation with
A1, Ako,......... , Aynis the fuzzy forecasted production of the year i + 1

3. It also counts the repetitive relations and the frequency is recorded and is used for
defuzzification (crisp output).

Step 7: Defuzzification [6] is the development by which fuzzy output of model is
converted to crisp values for getting the predicted values. The output of model isdefuzzified
in the following [7]:

1.1f the production of the year i is A;and fuzzy logical relation is A; —» A and
A has max membership in interval u; , then the estimated production for the yeari = 1will
be middlepoint ofA,.

2.1f the fuzzified production of the year iis A;and there are fuzzy logical

relationships in the fuzzy logical relationship group as:
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Aj = Apq, Aj o Agase. JAj = A Ak, Az A, has max membership
in the intervals u,q, uyy ,....... , UgnRespectively and m;,m,,....... ,m,, are their respective
midpoints ,then the forecasted production for the year i + 1 will be (m;+m,.....+ m,)/n.

3.If the fuzzified production of the year is A;, and no logical relationship is
found in logical relationship groups, whose current state of production is A;,where the
maximum membership value of A;occurs at interval w; and the midpoint wu; of m; isthen the
forecasted production of year i + 1 ism; .

4. Repeated relations and according weighted mean is computed keeping in view of
their frequencies.
7. Results and Discussion

Table 4: Forecasting Result of Coal Production Data

Year Actual Forecasted | Year Actual Forecasted
Production method Production | method
1980 113.9 161.1 2001 327.8 370
1981 124.2 161.1 2002 341.3 370
1982 130.5 161.1 2003 361.3 370
1983 138.2 161.1 2004 382.6 370
1984 147.4 161.1 2005 407.0 475
1985 154.2 161.1 2006 430.8 475
1986 165.8 161.1 2007 457.1 475
1987 179.7 161.1 2008 492.8 475
1988 194.6 161.1 2009 532.0 570
1989 2111 259.09 2010 532.7 570
1991 229.3 259.09 2011 540.0 570
1992 238.3 259.09 2012 556.4 570
1993 246.0 259.09 2013 565.8 570
1994 253.8 259.09 2014 609.2 675
1995 270.1 259.09 2015 639.2 675
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1996 285.7 259.09 2016 657.8 675
1997 295.9 259.09 2017 675.4 675
1998 292.3 259.09 2018 728.7 750
1999 300.0 259.09 2019 730.8 750
2000 309.6 370 2020

ACTUAL AND FORECASTED VALUES OF COAL
PRODUCTION
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Fig 1. Fuzzy time series forecasting of coal production

Table 5: AMSE
Srivastava and Singh’s
Refined Arithmetic
Method
MSE 10,532.9457

8. Conclusion

This paper presents the Srivastava and Singh’s refined arithmetic model for fuzzy
time series forecasting. This method has been implemented on the historical time series data
of coal production of India. The Mean Square Error (MSE) of Srivastava and Singh’s refined
arithmetic method is 10,532.9457. We compared this method to Chen’s Arithmetic model,
The Mean Square Error (MSE) of the Chen’s Arithmetic model is 64968.17314. Therefore,

Srivastava and Singh’s refined arithmetic method has a higher accuracy rate.
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ABSTRACT
Let ¥ = (V,7,u) be a fuzzy magic graph. A fuzzy magic graph ¥ is said to be an

edge dominating fuzzy magic graph if for every e; € E(w) - F' then there exists e; € F
such that (i)u(w, v) < min (z(uw),7(v)) for all e; € E(¥) — F and e; € F, where F'is the

edge dominating fuzzy magic set  (ii) T(w) + t(v) + u(u,v) < 1. In this paper, edge
dominating fuzzy magic sets, edge dominating fuzzy magic number are introduced and its
basic characters are discussed.

Keywords: Edge Dominating Fuzzy Magic Sets, Edge Dominating Fuzzy Magic number

1. Introduction

In 1736, the concept of graph theory was first introduced by Euler. The concept of
domination in a recent year becomes a subject of interest for many researchers due to the
immense application to other field. In 1973, Kaufmann gave the first definition of a fuzzy
graph which was based on Zadeh's Fuzzy Relations. In 1975, Rosen field introduced the idea
of fuzzy graph. The concepts of edge domination in graphs are introduced by Mitchell and
Hedetniemi. A fuzzy graph is the generalization of crisp graph. A fuzzy graph structure is an
extension of a fuzzy graph. Characteristics of edge domination in graphs are obtained by
Arumugam and Velammal.
2. Preliminaries

A subset D of V is said to be a dominatingset of G if every vertex not in D is adjacent
to at least one vertex in D. The cardinality on minimum dominating set of a graph G is
denoted by (G)[1]. Let U and V be two sets. Then p is said to be a fuzzyrelation from U into
V if p isafuzzy setof U x V. Let G be a simple graph. Thenagraph G = (o,u) is called a
fuzzygraphon G if ¢: V —» [0,1] and u: E — [0,1] for all xy € E, we have u (x,y) <
min(a(x),o(y)). The fuzzy set a(V) is called the fuzzyvertex set of G and u(E) is called the
fuzzyedgeset of G [2]. The edge domination number y'(G) is the minimum cardinality
among all minimal edge dominating set. The bipartite graphs with equal edge domination

number and maximum matching cardinality are characterized by Dutton and Klostermeyer
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[3]. A Fuzzy Graph G = (o,p) is called a fuzzymagic graph if there are two bijective
functionso: V - [0,1] and u: V XV — [0,1] with restricted the conditions u (u,v) <
o) +o() <1forallu,v € G [4]. Anarc (u,v) of a fuzzy graph G = (o, u)is called an
effective edge if u(u,v) = min(o(u),o(v)) and effective edge neighborhood of u € V is

N,(u) = {v € V:(u,v)is effective}. A subsetD’ of E(G) is called an effective edge
dominating set if for every e;eE(G) — D' there exist e;€ D such that e;dominatese; [5].

3. Main Results

Definition 3.1. Let ¥ = (V, 1, u) be a fuzzy magic graph. A fuzzy magic graph ¥ is
said to be an edgedominatingfuzzymagicgraph if for every e; € E(¥) — F’ then there exists
e; € F such that ()u(u, v) < min (z(u),7(v)) foralle; € E(W) —F ande; € F
where F' is the edge dominating fuzzy magic set (ii) t(u) + t(v) + u(u,v) < 1.

An edge dominating set of a fuzzy magic graph with minimum number of edges is
called a minimum edge dominating set. Edge dominating fuzzy magic number yéfm(tlf) IS

the sum of the membership values of the edges of a minimum dominating set.

Example 3.2. Consider V = {v,v,, V3,04, Vs ,V6}and E = {e;, e, €3,€4, €5, €6}
where e, = vqVy,,8, = V1V3, €3 = VuV3, €4 = V3Vy, €5 = V4V, €5 = VuVe. Define ¥: (T, 1) by
(v1) = 0.1, t(vy) = 0.2,7(v3) = 0.3,7(v,) = 0.4,7(vs) = 0.5,7(vg) = 0.6, u(v1v,) =
0.01, u(vyv3) = 0.03, u(vivz) = 0.02, u(vsv,) = 0.04, u(vvs) = 0.05, u(vave) =
0.06.

Theorem 3.3. For a cycle C,,, the number of edge dominating set and the number of
edge dominating fuzzy magic set are equal.

Proof. Let G = C,, and V(G) = {vy, vy, V3, won oo , U} and E(G) = e; €41
wherei =1,2,...,m — 1. Each e; isadjacent with at least two edges. Thus, each element in
D'has at least two neighbour in E(G) — D'.

Therefore, the number of edge dominating set of G=[n/3] where n >
3 i (1)

Next, consider the fuzzy magic graph W = C, has the vertex set V (¥) =
{uy, uy, us, .. ... ,up} and E (W) =e; €j4+1, Where i =1,2... m—1. The membership
value of the edge must be lesser than the minimum of membership value of the adjacent
vertices. Let F' = {ey,e3, e, ... ... en—1} is the edge dominating fuzzy magic set. Thus, each

element in F'has at least two neighbour in E(W) — F'. Therefore F’ is the minimum edge
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dominating set of W. And the number of edge dominating set of ¥ = [n/3] where n >

3 (2)

From (1) and (2) we get, the number of edge dominating set and the number of edge

dominating fuzzy magic set are equal.

Result 3.4. Let ¥ be an edge dominating fuzzy magic graph and G be a graph. Then
Yism (¥) and ¥’ (G) are different.

Proof. V1(0.1) V1
.\ .\
\ N\
\
\\ \\
0.01 \0.03 AN
\ \
\ \
\ \
A ° Ne
V3(0.3) 0.04 V2(0.2) V3 G V2

In fig (a),Ygm (¥) = 0.03
In fig (b),y’ (G) =1

Hence Vg pm (V) # Y (6)
Theorem3.5. For any graph, y(G) > y'dfm (V)

Proof. Let us assume y(G) = y'dfm (W).Since, the domination number is always
greater than or equal to one. That is, y(G) =1 ...... ... ... ... (1)

By the definition of edge dominating fuzzy magic graph, that is yc’ifm (P) <
1o (2)

From (1) and (2)y(G) ;ty'dfm (¥). This is a contradiction to our assumption.

Therefore y(G) > y'dfm (V).
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Theorem 3.6. For a helm graph the number of edge dominating fuzzy magic set

E] if nisodd wheren > 3

n . .
5+1 if niseven wheren > 6

Proof. Let ¥ = H,,be a fuzzy magic graph with 2n + 1 vertices and 3n edges. The
helm graph is the graph obtained from a wheel graph by adding a pendant edge to each node
of the cycle. Here we have two cases.

Case (i): nis odd

Forn=3, F' = {e;,e}where i,j = 1,2,3 and i #j is the minimum edge

dominating fuzzy magic Set of W so that the number of edge dominating fuzzy magic set is2.

Let[%] = k, next to prove the number of edge dominating fuzzy magic setE], where
n >5.
On the contrary, suppose that the number of edge dominating fuzzy magic set is[%] —

1 = k — 1Then there exist e; € F such that ej ¢ E(¥) - F' which is a contradiction.

Therefore, the number of edge dominating fuzzy magic set is E]

Case (ii): nis even
When = 6, the number of edge dominating fuzzy magic set is 4.
When = 8, the number of edge dominating fuzzy magic set is 5.

Continuing like this the number of edge dominating fuzzy magic set is §+
1 wheren = 6.
Therefore, the number of edge dominating fuzzy magic set s

E] if nis odd wheren = 3

n . .
5+1 if nis even wheren = 6

Observation. 3.7. For a helm graph H, , the number of edge dominating fuzzy magic

set is equal to 2
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e For a path P,, the number of edge dominating fuzzy magic set is
( g if n=0(mod3)and n = 3
E] if n=1(mod3)andn = 4
E] +1if n=2(mod3)andn =5

4. Conclusion

The paper extensively covers the fundamental properties of the subject. The potential

applications of this research suggest its relevance to standard graphs in future studies.
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ABSTRACT

This paper is the one of the expansion and implementation of neural network
algorithm to Artificial Intelligence (Al) techniques for pattern recognition. A neural network
is connections of biological neurons, also called a biological neural network, or a network of
artificial neurons or nodes in the case of an artificial neural network. This paper briefly
explain how neural network algorithms are implemented in Al to improve the learning
methods used in existing algorithm in Al based pattern recognition. Pattern recognition is
derived from machine learning that usedin data analysis to find unknown incoming patterns
and known patterns are trained. This implementation gives good result when comparing to
the existing algorithms used in Al techniques. In this paper, we implemented Gradient
Descent Algorithm, Newton’s Method Algorithm, and Levenberg-Marquardt algorithm to
recognize unknown patterns.

Keywords: Artificial Intelligence, Neural Network, Biological Network, Neurons, Machine
Learning

Introduction

Neural networks, also known as Artificial Neural Networks (ANNSs) or Simulated
Neural Networks (SNNs), are a subset of machine learning and are at the heart of deep
learning algorithms. Their name and structure are inspired by the human brain, mimicking
how biological neurons signal to one another. Neural networks rely on training data to learn
and improve their accuracy over time[1]. However, once these learning algorithms are fine-
tuned for accuracy, they are powerful tools in computer science and artificial intelligence,
allowing us to classify and cluster data at a high velocity. Tasks in speech recognition or
image recognition can take minutes versus hours compared to manual identification by
human experts. Similar to the human brain which has neurons interconnected to one another,
artificial neural networks also have neurons that are interconnected to one another in various

layers of the networks. These neurons are known as nodes [3].
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Methodology

The block diagram shows the practical way neural networks work with the human
brain of Figure 1.1. An Atrtificial neural network is usually a computational network based on
biological neural networks that construct the structure of the human brain [2]. Similar to a
human brain has neurons interconnected to each other, artificial neural networks also have

neurons that are linked to each other in various layers of the networks.

Input 1 X —> M

w

w2

- ===

Input 3 Xn

1.1 Neural Network with Artificial Intelligence

i) Gradient Descent Algorithm with Artificial Intelligence

In neural Network Algorithm, Gradient descent is an optimization algorithm that
works iteratively to find the model parameters with minimal cost or error values. Gradient
descent is a first-order iterative optimization algorithm for finding a local minimum of a

differentiable function. Gradient Descent in Linear Regression which needs to find the

cost/error, distance, and updated parameters [5].

Y=BX+b

Parameters: 8 and b
e

o Ko g V=BX+b

.‘:r?!: f’ .

A

Salary

o B->0

e b->Mean of
independent Variable

Experience

Error: Mean squared error is the average squared difference between the estimated

values and the actual value. (formula)
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3 (V,-Y,)?
J= — -
n
Update Parameter: (formula)
GB=_(_)_aJ = 2iZ1(BXi+b-Yi)Xi B=B'QGB
oR n

Let us consider a man throwing a ball to the basket with a random parameter, if it fails
then automatically the function updates the parameters using another random value. In this
way, they find the exact destination of the basket.

On the other hand, if the learning rate is too small, the model will take too much time
to reach the minimum cost.

r 3

Cost
Cost

/

The Learning gradient from High Learning to Low Learning.
Hence, the gradient descent algorithm is used to learn the cost and parameters with
the different parameters of the different times in the updated parameters. This Gradient

Descent Algorithm gives 85 percentage of accuracy for the applied patterns used in hand
written applications [2].

ii) Newton’s Algorithm with Artificial Intelligence

Newton’s method uses the second derivative. This method aims to find better training
directions by using the second derivatives of the loss function.

Hidden Layer

‘ ' Output Layer

e © ®

pE—
o
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To find the root it first starts by picking a random point (y1) and find out what the

function evaluates at that value f(y1)
Slope = f’(y = y1)Using the slope of the line we can find the second point (y-)

A

---------- f(x)

——
X2 X1

0 xX— 0
X1

The next point is y», to find it is going to be y1 minus the Ax or the ratio between

f(x1)
frix1)

_ rise __ f(x1)
SIOpe - run  Ax
x1

Ax = f(x1)

" slope

slope = f'(x1)

Now to find the next point y3 the process can be repeated

Ay = LG
f'(x2)
x3=x2— Ax

Newton’s method when applied to Optimization gives a way to find the minimal or

maxima.
Instead of finding the derivative of the f(y) it tries to find the one at the derivative of

the function evaluated at Y.
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Hence, the Newton method algorithm is used to find the parameters with different
values and to find another slope with the previous value to train the machine of Al an equal
number of times to find the best destination. This Newton’s algorithm gives 85.5 percentage
of accuracy for the applied patterns used in hand written applications [4].

iii) Levenberg-Marquardt algorithm with Artificial Intelligence

The Levenberg-Marquardt algorithm is used to work specifically with loss functions

defined by a sum of squared errors. It works without computing the exact Hessian matrix.

Instead, it works with the gradient vector and the Jacobian matrix.

Operation
Input > Weights — Output
Weight Errors — Software
> LM Algorithm -
L]
— New Weights FPGA

Consider a loss function which takes the form of a sum of squared errors,

Here (X->n) is the number of training samples.

The loss function as that containing the derivatives of the errors concerning the
parameters,

862'

?
oOw ;

Jig =

Where (X->n) is the number of samples in the data set, and (Y--m) is the number of
parameters in the neural network.
Note that the size of the matrix is (X-=>n.Y->m).

We can compute the gradient vector of the loss function as

Vf—23".e
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Now wedefines the parameters for improvement of the process with the Levenberg-

Marquardt algorithm.

wlit) — gl (FOT . 36 4 \OT)~1L. (30T . 6

The parameter (1) is initialized to be large, so the second updates are smaller than first
stepin the gradient descent direction [8].

If any iteration results in a failure, then (A) is increased by some factor. Otherwise,
(A)is reduced as the loss decreases, so the Levenberg-Marquardt algorithm approaches the
Newton method. This process typically accelerates the convergence to the minimum.

{ Evaluates loss index H

| Improve neural network parameters

calculate quasi-newton training
direction calculate training rate

Stopping criteria=true Stopping criteria = false

Hence, It is faster than thegradient descent and the Newton method, the exact Hessian
must not be computed and inverted.Also, the Jacobian matrix becomes enormous for big data
sets and neural networks, requiring much memory.This Levenberg-MarquardtAlgorithm
gives 86.8 percentage of accuracy for the applied patterns used in handwritten applications
[7].

Comparing between Gradient Descent Algorithm and Levenberg-Marquardt:

In neural Network Algorithm, Gradient descent is an optimization algorithm that
works iteratively to find the model parameters with minimal cost or error values. The
Levenberg-Marquardt algorithm is used to work specifically with loss functions defined by a

sum of squared errors. It works without computing the exact Hessian matrix.[10]

Gradient descent algorithm

loss Initial

. ol
Gradient ~”
du
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we can write our loss function for the single row as below:
_ 1 2
'](wa b) - ﬁ(yp o y)

To find the optimal value of weight w and bias b,we partially differentiate concerning
w and b. This is also said that we will find the gradient of loss function J(w,b) for w and b to
find the optimal value of w and b. Levenberg-Marquardt considering a loss function that

takes the form of a sum of squared errors,
=y
i=1

Here, the number of training samples are (X->m)

We can define the Jacobian matrix of the loss function as that containing the

derivatives of the errors concerning the parameters,

881'

’

Jij =

Where (X->m) is the number of samples in the data set, and (Y--n) is the number of
parameters in the neural network.

Note that the Jacobian Matrixsize is (X->m.Y->n). We can compute the gradient
vector of the loss function as

Vf=23T.e

The following expression defines the parameters to improve the process with

Levenberg-Marquardt algorithm[4].
wltD) = wl_ (0T, 3@ L \Op)=1. (93O . &)

The parameter () is initialized to be large, so the first updates are small steps in the
gradient descent direction.

If any iteration results in a failure, then (1) is increased by some factor. Otherwise,
(M)is reduced as the loss decreases, so the Levenberg-Marquardt algorithm approaches the
Newton method. This process typically accelerates the convergence to the minimum.
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Hence, Levenberg-Marquardt is an optimization method, while backdrop is just the

recursive application of the chain rule for derivatives and, intuitively does this: when

Gradient descent is far from a local minimum, it ignores the curvature of the loss and acts as

a gradient descent. From the above rules, the gradient descent is the fastest algorithm than the

Levenberg Marquardt.

Advantages

1.

Using a Large number of Datasets: Artificial neural networks can learn and create from
large amounts of data. They can be trained using large datasets and this allows them to
make predictions and decisions based on patterns of the Algorithm of Gradient, Newton,
and Levenberg—Marquardt [6].

Handling the Missing Data of Datasets: Artificial neural networks are that they remain
functional despite noise or errors in data. This makes them suitable in situations with
noisy, incomplete, or corrupted data on the three-based Algorithm.

Automation and Multitasking of the Large Datasets: They can extract features from
data. This eliminates manual feature editing. They can also be trained to handle multiple
tasks simultaneously. This makes them useful in advanced Al applications with the neural
network [8].

Fast and Parallel ProcessingDatasets: Artificial intelligence networks can be optimized
and used efficiently on hardware accelerators or dedicated Al processors such as graphic
processing units and artificial intelligence accelerators for fast and parallel processing of
the Gradient and Newtons Algorithm with the Artificial Intelligence.

Disadvantage

1. Requires Huge Amounts of Datasets: ANNSs also come from the fact that they can learn

from large training data. Obtaining huge amounts of datasets can be difficult and time-
consuming for the different Algorithm of the neural networks.

High Computational Requirements of Data: Artificial neural networks are that they
need capable hardware components such as central processors or dedicated Al
accelerators, large storage spaces, and sizeable random-access memory with Newton’s
Algorithm [9].

Hardware Requirements of Datasets: F or beginners or those on a tight budget, might
be one of the obstacles of neural networks. Moreover, it can also mean that one has to
invest in supplementary things more than the main component of the process. Thus,
artificial neural networks can be a bit problematic when it comes to their hardware

setting, organization, and placement.

209



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

4. Minimal Control of datasets: This refers to the minimal control that the trainers have
over the actual performance and overall functioning of the ANN. From probable value to
the unknown steps of working, artificial neural networks are pretty much concealed in
their actual structure [11]. This can mean that not much external influence or control can
be exerted on these networks to run them at the user’s convenience.

Conclusion

This research paper aims to develop the Algorithm for the Neural Network combined
with Artificial Intelligence to perform different actions to train the machine with the high-
level to low-level performance of the system in Artificial Intelligence. The new proposed
system is combined with the neural network to train the machine with highly precise to give
exact results. The machine using the neural power algorithm with Artificial Intelligence

Techniques successfully trained. These algorithms give better accuracy than existing

algorithms used in Al based pattern recognition.

References

1. Charu C. Aggarwal, “Neural Networks and Deep Learning,” Springer, 2018; ISBN 978 -
3-319-94462 - 3

2. https://www.neuraldesigner.com/learning/tutorials/training-strateqy/

3. https://www.javatpoint.com/artificial-neural-network

4. https://www.researchgate.net/publication/326700875 Awrtificial Neural Network Optimi

zation with Levenberg-Maruardt Algorithm for Dynamic Gesture Recognition

5. https://www.geeksforgeeks.org/neural-networks-a-beginners-quide/
6. https://pubs.aip.org/aip/pof/article-abstract/35/11/113111/2922122/L evenberg-Marquardt-
neural-network-based?redirectedFrom=fulltext

7. https://mmcryptogem.medium.com/training-a-neural-network-using-newtons-method-
d02da8843133

8. https://www.collimator.ai/reference-quides/what-is-newton-s-method

9. https://www.ibm.com/topics/gradient-descent

10. https://towardsdatascience.com/machine-leaning-cost-function-and-gradient-descend-
75821535h2ef

11. https://www.profolus.com/topics/advantages-disadvantages-artificial-neural-networks/

210


https://www.neuraldesigner.com/learning/tutorials/training-strategy/
https://www.javatpoint.com/artificial-neural-network
https://www.researchgate.net/publication/326700875_Artificial_Neural_Network_Optimization_with_Levenberg-Maruardt_Algorithm_for_Dynamic_Gesture_Recognition
https://www.researchgate.net/publication/326700875_Artificial_Neural_Network_Optimization_with_Levenberg-Maruardt_Algorithm_for_Dynamic_Gesture_Recognition
https://www.geeksforgeeks.org/neural-networks-a-beginners-guide/
https://pubs.aip.org/aip/pof/article-abstract/35/11/113111/2922122/Levenberg-Marquardt-neural-network-based?redirectedFrom=fulltext
https://pubs.aip.org/aip/pof/article-abstract/35/11/113111/2922122/Levenberg-Marquardt-neural-network-based?redirectedFrom=fulltext
https://mmcryptogem.medium.com/training-a-neural-network-using-newtons-method-d02da8843133
https://mmcryptogem.medium.com/training-a-neural-network-using-newtons-method-d02da8843133
https://www.collimator.ai/reference-guides/what-is-newton-s-method
https://www.ibm.com/topics/gradient-descent
https://towardsdatascience.com/machine-leaning-cost-function-and-gradient-descend-75821535b2ef
https://towardsdatascience.com/machine-leaning-cost-function-and-gradient-descend-75821535b2ef
https://www.profolus.com/topics/advantages-disadvantages-artificial-neural-networks/

ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

Inscriptions and Copper Plates of Nellaiyapper Temple at
Tirunelveli — A Study

K. Baby
Department of History, Holy Cross College (Autonomous), Nagercoil - 629004
Affiliated to Manonmaniam Sundaranar University, Tirunelveli - 627012
Email: baby.k@holycrossngl.edu.in

ABSTRACT

The Chola supremacy came to an end in the Pandya country by the emergence of
later pandya rulers like War. Sundrarapandya I. He and his successors paid more attention
than ever in the socio — religious activities of Thirunelveli region. There are a number of
stone inscriptions in the temple. The most important of them are those Veerapandiyan who
regained about 950 and those of Rajendran | and Kulothunga Chola I. The inscriptions of
Maravarma Sundara Pandiyan refer to the Lord as "Woodayar" and "Wodeyanayanar™" and
the Goddess as "Nachiar". From the inscriptions of Kulasekkara Pandiyan we learn that he
defeated the Chera, Chola and Hoysala kings and built the outer walls of the temple with the
war booty. Nellaiappar temple is spread over 14 acres.

Keywords: Woodayar, Stone inscriptions, Pandya rulers, Chola rulers, Hoysalas

Introduction

There are more than Fifty inscriptions in this temple. Many of these inscriptions are
very ancient period. They are inscribed in scripts such as cursive, Granth Tamil, Kannada and
Telugu. The oldest of the inscription dated to the second reginal year of the Pandya King
named Virapandian (946 - 966 A. D). VeeragliMarthandavarman 1546 AD he built the Music
Pillar Hall.The lord here is SwamiiNellaiappar Goddess GandhimatiAmman.The main Plant
is bamboo it was musical instrument here is Savangi.
Nellaiyapper Temple Inscription

During the reign ofArikesariMaravarman alias NinrasirNedumaran (640 - 6470 A.D.)
SaivasaintThiru Gana sambandar visited the Tirunelveli and sung in Praise of Tirunelveli.
Virapandya was (946 - 966 A.D) the son of Rajasimha 11 (900 - 946) fourth regnal year 950
A.D and seventh regnal year (953 A.D). Inscriptions found on the west wall and north wall of
the MulaMahalingar Shrine in the Nellaiyapper temple seems to record a gift to the
Permanadigal alias Nellaiyapper temple byManikkam Battelakon of idaikkarai in
Mungudinadu in  memory of his mother Ettinili and Vidaiyangadival alias
TikaiyenTanichchai of TavalurTuraikudi in Mungudinadu granted fifty sheep for burning

perpetual lamp in the Nellaiyapper temple. The sheep were received by a Padaittalaivan
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called ChattenTirunelveli withChendanBataranBrahmapriyapperunai being his surety. The
above said inscription mentioned Tirunelveli and Nellaiyapper temple were
administered by the Padaittalaivan.

Rajendra Chola Ist, (1012 -1044) eighth regnal year 1020 A.D. inscription found on
two Pillars of the Mandapa on the South side of the large shrine in the Nellaiyapper temple
records a new arrangement made the AdhikerikalBirammasSrikilar who was enquiring into the
services in the temple of Tirunelveli for the supply of Camphor, Sandal etc., to the temple by
the ValadinJeyerof the placewho had the Kani rights of some of temple lands in
Kannanur.The Velanjeyer were required to pay 22 Kasu perma per day towards the due
Chirappilkudimai on the lands.

Kulotunga Chola Istaccending year 1070 A.D. inscription found on the north wall of
the Sastralinga shrine on the north side of the second prakara in the Nellaiyapper temple
records arrangements to reclaim some portions of lands inTirukunrattur a devadana of
Tirunelveli Udaiyar temple which remained uncultivated. The lands were made over to the
Sabha UttamacholaChaturvedimangalam in Kilkalakkurram for cultivation. The Sabha was
required to the temple four Kasu and four Kalam of Paddy per crop per ma.Eighteen regnal
year 1196 A.D. inscription of Kulottunga Ill found on a broken pillar lying in the second
prakara of Nellaiyapper temple registers a gift of the tax of fifteen Kasu accuring from certain
lands in Ariyantalvan alias Valaiyakranallur in Amudagunavalanadu which had been granted
for worship in the temple of Tirunelveli Udaiyar by Vidivitankanselvan alias
Tyagavinodamuvendavelan the headman of Palaiyur in Tiruvarurkurram a sub-division of
Geyamanikkavalanadu.

Jatavarma Kulasekhara pandyalst ascending year 1190 A.D. inscription found on the
last wall of the second Prakara of the Nellaiyapper temple. States that the king built the high
prakara wall of the temple of Siva who had sprung from bamboo, from the booty obtained
after defeating, Kerala, Chola and Hoysala kings.

Maravarmasundarapandyalst (1216 -1238) second regnal year 1217 A.D. inscription
found on the inside wall of the third Prakara of Nellaiyapper temple registers a gift of six ma
of land and some paddy to seven men from the addukkalaipuram lands in the Padappaikurichi
in Kilkelakurram belong to the temple at Tirunelveli. The same king eighth regnal year 1223
A.D. inscription found on the north wall of the third prakara of the Nellaiyapper temple
registers a gift of three and half ma of land on behalf of Alagiyapillai alias Kalingarayer of
Ilagudi to the two Brahmins as adyayenaVirutti for chanting Vedas during the service called
Konchipuram then dam Sandhi instituted in the temple of Tirunelveli Udaiyar.
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Maravarma Sundara pandya Il (1238 to 1253) third regnal year 1240 A.D. inscription
found on the east wall of third Prakara outside of the Nellaiyapper temple registers a gift of
cows and two ma of land inKannanur alias Raviventrachaturvedimangalam in Kilvembunadu
to SundarapandyaBrahmadarayen for providing milk on the eight occasion of worship in the
temple Tirunelveli Udayanarayanar during the service instituted by Chedirayer.

Jatavarman alias TribhuvanachakravartinVirapandya 11 (1253 - 1268) co-ruler
of Jatavarmasundarapandyalst (1251 - 1268) fifth regnal year 1258 A.D. Inscription found on
the outside of the west wall of the second prakara of Nellaiyapper temple registers provision
fo oil for an evening light to the shrine of Narpatoennayirapillaiyar at Villavarayanallur in
Melvembunadu.

RajagopuraTirupani Inscription

This inscription Located in front of the Nellaiappar temple, the script of Tamil during
the period 17"&18™ century, not mention any collector period or Name. In this inscription
details about Graceful Goddess Gandhimathi blesses Nellaiappar Temple entry at the gate
located.

GandhimatiAmbal Golden Robe Ceremony Inscription

It was located in Ambal shrine on the facade the script of Tamil during the period of
18M&19" century not mention writer Name. Inscription details about in front of
Arthamandapam of Ambal shrine in this temple.

Kumbabhishek inscription

In this script was Tamil / Tamil - Brahmi, century not mention during the period of
Recent period. Inscription details it Located on the right side of the front of Unchal
Mandapam.

Pradosha Command Inscription

The command inscription Located Ambal shrine Internal Near Utsawarsannadi in
Prakaram, script of Tamil during the period 20"&21th century, not mention collector period
or Name. Inscription details about Graceful NellaiapparArultharumNagarAmbal shrine of this
temple Amman firstprakaram near Utsawarsannadi is the Pradosha command inscription.
Gopuram Inscription

The gopuram of this temple is 850 feet long and 756 feet wide. Sangili Mandapam
built on 1647 by vadamalaiyappapillayan connects the Ganthimathi Amman and Nellaiyappar
temples. The composite columns of Virabhadra holding sword and horn are found be
additions of the Vijayanayagara kings during the early 1500s. Similar columns of Virabhadra

are found in Adikesava Perumal Temple at Thiruvattaru, Meenakshi Temple at Madurai, Kasi
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Viswanathar temple at Tenkasi, KrishnapuramVenkatachalapathy temple, Ramanathaswamy
Temple at Rameswaram, Soundararajaperumal temple at Thadikombu, Srivilliputhur Andal
temple, SrivaikuntanathanPermual temple at Srivaikuntam, Avudayarko Vaishnava Nambi
and ThirukurungudivalliNachiar temple at Thirukkurungu. Tirunelveli also is one of the five
places where Lord Siva is said to have displayed dance and all these places have stages or
ambalams.

Shrine Inscriptions

There inscriptions about Nellaiappar Temple, this temple is considered as one among
the 14 Saiva centers sanctified by the Devaram hymnists in Pandya country. This temple
copper hall exista one among the five divine halls (Pancha Sabhas) of Siva in Tamilnadu,
where Lord Nataraja played his Anantha Thandava. This spacious temple consists of records
from 8" century A.D to 19" century A.D Vatuthu, Tamil and Grantha scripts have been
applied for engraving records in different periods. Land donations, cattle donations for
lighting perpetual lamps, the role of oil mongers, land endowments as Bhatta Vritdhi, and for
musicians are all well preserved in the inscriptions. The role of Brahmi Mahashabas,
Kumbabisheka ceremonies conducted at different times, their actual expenditure details are
also vividly given. Different ‘Santhi’ workships instituted by the kings on their natal star,
donations for their maintenance and the temples development during the pandya rule are all
well documented in the records.

Some of the records of this temple are composed in a beautiful varse form. Different
iconographic forms of Siva like Lingothbhava, Bhikshadana are mentioned in these verses.
Quite interestingly one chieftain  Thadkanni  Chirrurudaiyan  Uyyaninraduvan
Gurukulatharaiyan has written a varse. He declars here that he had donated enough quantity
of land for the Lord Siva, so that he need not go on begging as a Bikshadanamurthy with a
begging bow (Kapala). This verse is composed in the sense of satire which is also found in a
record of Thiruthankal Siva temple (Viruthunagar Dt.) of the same chieftain. This chieftain
has played a crucial role in the administration during the period of Mar. Sundara Pandya .

Another interesting record is found in front of the Shanmuka shrine in the outer
western prakara of this temple. It reveals the musical notes (ThalankaPramanam) introduced
by one Picchandi Annavi, a resident of Pasuvanthanai Village during 1870 A.D. These notes
are engraved on a well blossomed lotus flower so neatly carved on the floor.

Nellaiyappar temple was extended by new mantapas, new shrines and prakaras since
the time of middle cholas. These activities are well attested by the records engraved on the
pillars and walls bearing these mantapas and shrines. So, the Architectural history can be
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easily traceable by these records. One record reveals the donation made by one dancing girl
from Madurai Meenakshi Temple who was also honoured by the tittle “Thalaikoli”. Form
these evidences the great name and influence enjoyed by this temple in the whole Pamdya
region can be known.
Pujas Inscription

The palm-leaf record on the other hand, provide more details. The earliest of the
available record belongs to 1687 A.D., and the data it furnishes about the various pujas are
surprisingly similar to the practices adopted at present.
Festivals Inscriptions

Inscriptions found in Nellaiappar temple reveal the endowments given by the kings
and the individuals for the conduct of daily offerings and number of festivals connected
therein. Amudu and Prasadam are the terms used in the inscriptions for the holy food. The
food is offered to the God thrice in a day, the morning, mid-day, and the early hours of the
night. Extensive provisions for the food offerings are found engraved in the inscriptions, not
only for the daily routine but also on various festive occasions. In fact, many inscriptions give
a lengthy list of details regarding the different proportions of the several provisions required
for different kinds of food offerings.

Copperplates are Message Vaults

Nallaiyappar Gandhimati Amman Temple Copperplate grant of land to Uchanadi
Charitable Order

In 1630, NayanarNelveli Natha Swami Ormaman of Tirunelveli Lower Vemba
Country gave a price deed to the Uchhanadi Aramvalartha Command of Kudanadu
Vannikuttatu Thalivamar. From this Cheppu charter it is known that Tirunelveli was known
as Vembanadu under the name of Swami Nallaiappar as Nelveli Nadar and Gandhimati as
Amman formaman. The ‘Kudanadu’ mentioned in it is worth research. Like all the Copper
Plates those who practice this dharma mentioned in the final part will get the Power of
making many crorss of Shivalingams on the banks of the Ganges and the strength of many
AsvamedhaYagyas and those who have Committed a crime to this Dharma will go to the
dosa of Killing a cow on the banks of the Ganges. Deeply emphasizes the idea of
maintenance.
Copper Plate Regarding of Sarve to Tirupudaimarudur Narumpoonathaswarmy

In 1640, Viswanatha Nayak, Chokkanatha Nayak, Muthuveerappa Nayar, Vijayrenga
Chokkanatha Nayak, Talavai Nachiappar to perform pooja to Tirupudaimarudur
Narumpoonatha Sami. A Copper plate bearing the command of sarva Manipam by
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Thiruenkata Nayak, Vadamalayappa Pillaiyan and Ananta Paramanatha Pillaiyan. From the
Word ‘Thekellaiyagiar’ Which was given by MarutumSoolam and Narumboo Mudrakali, the
boundary code used in the land Measurement of that day is known.
Vanji Cherakula Rama Pandyan period Copper Plate

Vanji Cherakula Rama Pandyan a Copper plate in 475 A.D of Nageeswarar Sivagami
Amman Udayamarthanda Paying the Deities. The name of the town called Nangeeswaraneri
is mentioned in this Charter. This town is Known as Kunnathur (Lower
Thiruvenkatanathapuram) Which is the fourth Place in Nagugalaya Talam (Iragu Talam
Similar to Thirunageswaram on the banks of the Kaveri). Thiruvenkatanathapuram is also
known as Tirunangoil today. It can be assumed from this copper plate that this Thirunangoil
may be the Maru of Tirunangeesaneri. This is evdent from the names Nageesar and Sivagami
Amman mentioned in this Cheppu charter. Also, it is clear from this green care that
expressions indicating the size of the face like ‘Bengal OsaipadikkuTavali saw the Place and
attacked it’ and ‘Seposaipadikku’ were in use in those days.
35 Tala Inscription

There is another tala inscription seen at Nellaiappar Temple Tirunelveli. 1t is
detectable in the outer Praharam of Nellaiappar temple in front of Arumugar Sannidhi. It is
found on the floor in front of two Dvarabalaka of Arumugar Sannidhi. It also explains 35
Tala more in detail than Meenakshi Amman temple in Madurai. It is also flower like Chekra
with 6 Layers of petals. The Center is found with a star like structurebaround the six corners
of the star Shadanga symbol is engraved. In the next layer the names of shadangaare
engraved. In the third layer of seven petals symbols of saptha Tala followed by the names of
saptha tala symbol is carved. The fifth layer is engraved with 35 Tala symbol which is
followed by 35 tala symbol names. So totally 6 layers are seen. This also belongs to 14™"
Century A.D.
Literary Mention

TirunanaSambandar and Appar, the 7" Century Tamil Saivite poet Nayanmars,
venerated Nellaiappar in ten verses in Tevaram, compiled as the First Tirumurai. Sundarar, an
8™ century nayanmars, also venerated idaiyatreeswarar in ten verses in Tevaram, compiled as
the Fifth Tirumurai. As the temple is revered in Teveram, it is classified as Paadal Petra
Sthalam, one of the 276 temples that find mention in the Saiva canon. Muthuswami Dikshitar
composed one song (Sri Kantimatim) on this song is considered to be a rare song set in the

rare raga Hemavathi.

216



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

Conclusion

This shrine has more than fifty inscription and most of them are from the ancient time.
They're carved in many languages such as Krantham. Tamil, Kannada and Telugu. This
temple is praised by ThirugnanaSambandhar. One of the oldest inscriptions of this temple is
about the King Cholan Thalai Konda Veera Pandian (BC:946 - 966). It narrates the story of a
courtesan who daily gave ghee for lightin lamp. Through this inscription we came to know
that God was named as “TirunelveliBhrammapuri Thevar”. The inscriptions in the pillars of
the temple which belong to the period of Rajendran | (BC: 1012 - 1044) and Kulothugna
Chola I (BC:1070 - 1120).In the inscription about Sadayavarmankulothungapandiya to, The
Lord Shiva of the temple is being called as 'Tirunelveli Udaya Nayanar' and also the temple
has man inscriptions about many famous Kings such as Sundara Pandian (BC: 1216 - 1244)
Vikrama Pandian (BC: 1250 - 1276), Veerasomeshwaran (BC: 1238 - 1258), Maravarman
Sundara Pandian Il, Sadaya Varma Veerapandiya Il, Maravaraman Kulasekaran | (BC:1258
- 1308 Constructed the wall), MunthiKottu Veeram AlagiyaPandiaThevan (constructed the
PollapillayarSannithi), Parakrama Pandiyan, Veera Sangili Marthanda VVarman (constructed
the musical pillar mandapam) etc.
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ABSTRACT

Tourism is important and vital for our country. Tourism involves traveling with the
specific object of studying, admiring, and enjoying the scenery as well as cultural and
historical areas. Sustainable development of Tourism includes mainly the growth rate of
domestic and foreign tourists. Lemur beach is a natural as well as historical tourist place of
India. Lemur Beach also known as Ayiram Kall Pozhimugam Beach or Ganapathi Puram
Beach is a renowned tourist destination located in Ganapathi Puram, a locality in Nagercoil
of Kanyakumari district. Lemur Beach is a secluded beach located in the Kanyakumari
district of Tamil Nadu, India. The beach is known for its pristine blue waters, soft white sand,
and breathtaking natural scenery. Lemur Beach is located in the village of Muttom, which is
about 32 km from Kanyakumari town. The beach is accessible by road, and visitors can hire
a taxi or take a bus from Kanyakumari town to Muttom village. The nearest airport and
railway station are in Trivandrum, which is about 85 km away.7 The beach is surrounded by
lush green forests and rocky cliffs, providing a stunning backdrop for the blue waters of the
Arabian sea. Visitors can enjoy a peaceful walk along the beach, taking in the natural beauty
of the area. In this article, we will explore Tourism development through the Lemur Beach in
Kanyakumari District in detail.

Keywords: Lemur Beach, Tourism Development, Kanyakumari District, Coastal Tourism,
Ecotourism, Sustainable Tourism, Cultural Heritage

Introduction

Welcome to the vibrant world of Lemur Beach, a captivating destination nestled in the
picturesque Kanyakumari District. As we embark on a journey of tourism development,
Lemur Beach emerges as a jewel in the coastal landscape, offering a unique blend of natural
beauty, cultural richness, and recreational opportunities. Lemur Beach, situated along the
azure shores of the Arabian Sea, boasts pristine sandy stretches and crystal-clear waters that
create an inviting haven for tourists seeking a tranquil escape. The beach is named after the
Lemur, a fascinating and endangered primate species found in the lush forests nearby, adding
an ecological dimension to the tourism experience. Our vision for tourism development at
Lemur Beach is rooted in sustainability, community engagement, and the preservation of the

area's ecological diversity. We aim to create an immersive experience that not only captivates
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visitors but also promotes responsible tourism practices. This development initiative
encompasses a range of activities and amenities designed to cater to diverse interests.
Adventure enthusiasts can indulge in water sports like snorkelling, kayaking, and paddle
boarding, while nature lovers can explore the rich biodiversity of the surrounding areas
through guided eco-tours and bird watching excursions. Cultural immersion is also a key
focus, as the Kanyakumari District is steeped in history and tradition. Local artisans and
performers will have the opportunity to showcase their crafts and talents, providing tourists
with a deeper understanding of the region's cultural heritage.

To ensure the sustainability of our tourism efforts, we are committed to implementing
eco-friendly practices, waste management programs, and community-driven initiatives.
Through collaborations with local businesses and residents, we aim to create a positive
impact on the livelihoods of the community while preserving the natural beauty of Lemur
Beach for generations to come. As we embark on this exciting journey of tourism
development, Lemur Beach stands as a testament to the harmonious coexistence of nature,
culture, and responsible tourism. The Lemur Beach is a hidden gem in the Kanyakumari
district, offering visitors a unique and peaceful escape from the crowded tourist spots. The
natural scenery, wildlife, and water sports make it a must-visit for anyone traveling to the
area. Join us in discovering the enchanting allure of Lemur Beach and contribute to a
sustainable and enriching tourism experience in the heart of Kanyakumari District.

Brief History of Lemur Beach

Lemur Beach Also Known as Ayiram Kall Pozhimugam Beach or Ganapathi Puram
Beach Is a Renowned Tourist Destination Located in Ganapathi Puram, A Locality in
Nagercoil of Kanyakumari District. Lemur Beach Is a Secluded Beach Located in The
Kanyakumari District of Tamil Nadu, India. The Beach Is Known for Its Pristine Blue
Waters, Soft White Sand, And Breathtaking Natural Scenery. Lemur Beach Is Located in The
Village of Muttom, Which Is About 32 Km from Kanyakumari Town. The Beach is
Accessible by Road, and Visitors Can Hire a Taxi or Take a Bus from Kanyakumari Town to
MuttomVillage. The Nearest Airport and Railway Station Are in Trivandrum, which is about
85 Km Away. Thebeach is Surrounded by Lush Green Forests and Rocky Cliffs, Providing A
Stunning Backdrop for The Blue Waters of The Arabian Sea. Visitors Can Enjoy a Peaceful
Walk Along the Beach, Taking in The Natural Beauty of The Area.

Little Maldives

There Are Not Only Hotels Floating in The Middle of The Water, But the Low Tide,

The Beautiful Sea Mixed With Blue And Green Colours, and The Coconut Trees that Make
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You Look Up, Make Lemoore Beach Look Like The Original Maldives. It Is Situated at a
Distance of 32 Km from Kanyakumari and About 14 Km from Nagercoil. This Beautiful
Lemur Beach is Located inKanapathipuramarea next to Rajakamangalamarea on the Road
from Nagercoil to Kulaichal. On The Way There You Will Be Greeted by Coconut Trees on
Both Sides. 5 Am To 8 Am Is Allowed fromMonday to Saturday. Open 24 Hours on
Sundays. There Are No Hostels There So It Is Better to Make Alternative Arrangements.
Specialty

This is one of the beaches where the water from Pachiparai Dam irrigates many fields
and mixes with the Arabian Sea. It is one of the popular beaches for film shooting. Lemur
Beach is the longest and widest beach in Kanyakumari district. Sitting here on the beach and
enjoying the waves, you can feel the ecstasy inside you. This place is perfect for those who
seek peace of mind, new places and spend time with family. This beach also has another
name as Thousand Feet Pozhimugam. It is better to go here by own vehicle. People traveling
by bus should go till Kanapathipuram and take an auto from there.

Don'ts: Don't pollute the beautiful beach. It is best to avoid walking into the sea as
bathing is not allowed.

Note: Alcohol is not allowed here.

Tourism Development Through the Lemur Beach in Kanyakumari District

Tourism is one of the fastest growing industries across the world. In the rapidly
changing global economic scenario, tourism is considered to be one of the largest and fast-
growing industries. The occupation of tourism is providing very useful and fruitful avenues
especially to those people who are engaged in tourism activities because through this
smokeless industry, they are not only enhancing their standard of living but also generating
income and employment opportunities. In the contemporary era of globalization and
industrialization, the whole world has shrunk into a global village. The tourism has played a
very decisive role to transform the world into a globalized economy where all nations can
exchange free trade and culture and share their interest of mutual benefits based on tourism
industry. India is one of the major destinations of the foreign tourists particularly the state of
Tamil Nadu which has a rich cultural heritage among the Indian states. All over the world,
the tourists are visiting it due to its climatic, scenic beauty and ecological resources.

Tourists may often move in formal and informal groups. There are different types of
group tourists. There are exclusive groups like married couples, particularly honeymooners,
family groups, friends-circles or groups of students studying in the same class. Recently
cooperative holidays are enjoyed also by a group of workers belonging to a common business
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establishment. Secondly people may form their group in the course of the journey itself. For
instance, pilgrims may start their journey separately but the different terrain and the strain of
the journey may often bring them together. Tourist are always on the lookout for hidden gems
and want to explore something new. There are many unexplored places in India that we do
not know. Today | will take you on a virtual tour of some of the hidden tourist place in lemur
beach at Ganapathi Puram. It is the beautiful village. Anytime we go to lemur beach.
Motives for Tourism

Tourism is a complex and multifaceted phenomenon influenced by a variety of
motives. People travel for different reasons, and their motives for tourism can be categorized
in various ways. Here are some common motives for tourism:
Leisure and Recreation: Many people travel for relaxation, to escape from the routine of
daily life, and to enjoy recreational activities such as sightseeing, shopping, and
entertainment.
Cultural Exploration: Tourists often seek to explore and experience different cultures,
traditions, and lifestyles. They may visit museums, historical sites, attend cultural events, and
engage with local customs.
Nature and Adventure: Some travelers are drawn to natural attractions and outdoor
activities. They seek adventure through activities such as hiking, trekking, wildlife safaris,
and water sports in scenic landscapes.
Health and Wellness: Wellness tourism is on the rise, with people traveling to destinations
that offer spa treatments, yoga retreats, meditation, and other health-focused activities to
rejuvenate their mind and body.
Business and Conferences: Business and professional reasons drive many people to travel.
Attending conferences, meetings, and business events are common motives for corporate
travel.
Family and Social Visits: Visiting friends and relatives (VFR) is a significant motive for
travel. People travel to spend time with family and friends, attend celebrations, or reconnect
with loved ones.
Education and Learning: Travel for educational purposes includes activities such as
attending workshops, language courses, or visiting educational institutions and museums to
enhance one's knowledge and skills.
Religious Pilgrimages: Many people undertake journeys to religious sites for pilgrimage and
spiritual fulfillment. These trips are often motivated by a desire for personal growth and

religious experiences.
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Special Events and Festivals: Travelers may plan trips to attend special events, festivals,
concerts, or sports events happening in different parts of the world.

Shopping: Some individuals travel specifically for shopping, seeking unique products,
souvenirs, or taking advantage of favorable economic conditions in certain destinations.
Volunteerism and Community Service: Voluntourism involves traveling with the primary
purpose of contributing to the well-being of communities through volunteer work and
community service projects.

Escape and Adventure: Some people travel to seek excitement, challenge, and a break from
their regular lives. This could involve activities such as extreme sports, bungee jumping, or
exploring remote and off-the-beaten-path destinations.

Understanding these various motives for tourism helps destinations and the tourism
industry tailor their offerings to meet the diverse needs and interests of travelers.
Additionally, individual travelers may have a combination of these motives when planning
their trips.

Transport

The transport corporation was formed in 1.1.1974 from erstwhile Tamil Nadu state
transport department with its headquarters at Nagercoil in Kanyakumari district and then
named as Kattabomman transport corporation limited. This corporation was bifurcated on
1.4.1983 and Nesamony transport corporation was born with effect from 6.1.2004 this
corporation and is functioning as its Nagercoil Region. Again, Madurai division was
bifurcated and the Nagercoil region is headed by Tirunelveli division with effect from
1.11.2010.

The operational area of this region is very limited compared to other regions since the
operational borders are approximately at 30kms radius and this district is surrounded by sea
on three sides and one portion is covered by sea and one portion is covered by hills and in the
western border with Kerala state. The Tamil Nadu state transport corporation Ltd., Nagercoil
region is functioning with 12 Despots having Kanyakumari District as boundaries.

Coastal Tourism Circuit

Coastal Circuit will strengthen India’s reputation as the “Sun, Sea, and Surf” land.
India’s littoral is comprised of Gujarat, Maharashtra, Goa, Kerala, Karnataka, Tamil Nadu,
Andhra Pradesh, Odisha, and West Bengal, among other states. The lemur beach coastal
tourism was hand over by the Scheme of “Darshan Swadesh”. This scheme was used only
for cost place tourist in reservations. During the coastal tourism circuit project cost
reservation as Rs. 184 lakhs from the lemur beach. The coastal of lemur beach work was
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started the date of commencement 27.03.2018 and end of the date of completion 28.02.2019.
It was one only for a 100% funded by ministry of Tourism. They were reservation for the
Components of Land Scaping, E-Toilet, Drinking water, Signage system.

The Swadesh Darshan Scheme, a Central Sector initiative, has been introduced by the
Ministry of tourist of the Government of India for the integrated development of theme-based
tourist circuits. The initiative aims to develop, broaden, and maximize the potential of India’s
tourism sector. The Swadesh Darshan Scheme, 15 circuit themes were including. This
scheme was very useful to for a tourist development. It helpful for a more tourists were
coming to visit. This is the development of the sources. Tourist Circuit is defined as a route
having at least three major tourist destinations which are distinct and apart.

Kanyakumari Ganapathi PuramCentre for Sustainable Aquaculture

Kanyakumari Ganapathi Puram Centre for Sustainable Aquaculture, Tamil Nadu
Fisheries University is located in currently we do not have any reviews or rating for
Kanyakumari Ganapathi Puram Centre for Sustainable Aquaculture, Tamil Nadu Fisheries
University. There are at least University departments in, out of which this University
department has an overall rank of 26. Kanyakumari Ganapathi Puram Centre for Sustainable
Agquaculture, Tamil Nadu Fisheries University has Address of the University department is
AyiramkalPozhimugam, post, Ganapathi Puram, Tamil Nadu. During the Aquaculture we
are visit and gave to interview their person and mostly growth in the pure water as shrimp.
During the Aquaculture were more investment as it. There was including for a lab, managing
room and etc. It was the one of the revenues of the government.

Lemur Beach - Tourist Destination in Kanyakumari

Kanniyakumari’s Lemur Beach has been crowned the “Best Beach and Coastal
Destination” at India Today Tourism Survey & Awards 2023. Lemur Beach also
known as Ganapathi Puram beach, located in Kanniyakumari, is one of the most
popular tourist destinations in southern India. Known for its pristine beaches and
breathtaking views, this beach offers visitors a chance to relax and unwind while
enjoying the natural beauty of the area. The beach is named after the lemurs, small
primates that are native to Madagascar, but are not found in this part of India. The
name, however, does not detract from the beauty of the beach, which is surrounded
by lush greenery and clear blue waters. The beach is clean and well-maintained, with
plenty of space for visitors to spread out and enjoy the scenery. One of the main
attractions of Lemur Beach is the stunning sunrise and sunset views. Visitors can

enjoy the early morning sunrise and watch as the sun slowly rises over the horizon,
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casting a warm glow over the beach. In the evening, visitors can watch as the sun sets
into the ocean, painting the sky with a brilliant array of colours.

The beach is also known for its water sports activities, including swimming,
boating, and fishing. For those looking to relax, there are plenty of shaded areas
along the beach where visitors can sit and enjoy the cool ocean breeze. The beach is
also home to several small cafes and restaurants, where visitors can sample local
cuisine and enjoy a refreshing drink while taking in the stunning views. In addition to
the beach, the area surrounding Lemur Beach is home to several other attractions,
including the Vivekananda Rock Memorial and the Thiruvalluvar Statue, both of
which are located just a short distance from the beach. These iconic landmarks offer
visitors a chance to learn about the history and culture of the area, and are a must-
visit for anyone traveling to Kanyakumari.

Overall, Lemur Beach is a must-visit destination for anyone traveling to
Kanyakumari. With its stunning natural beauty, array of water sports activities, and
nearby attractions, there is something for everyone at this beautiful beach. Whether
you are looking to relax and unwind, or to explore the surrounding area, Lemur
Beach is the perfect place to do it.

Tourism in Lemur Beach

"The world is a country which nobody ever yet knew by description; one must travel
through it one's self to be acquainted with it"

Once said by the Philip Dormer Stanhope, 4" Earl of Chesterfield, a British
statesmanand man of letters. As the saying goes, Kanyakumari is a dream destination that as
to beexploredoitsfullest.

Lemur Beach in Kanyakumari is basically a soulful paradise, beach lover's preferred
selection and most importantly a sanctified spiritual address of Hindus. Kanyakumari district
is very unique and so surprisingly impressive. Kanyakumari is illustrious for its radically
distinctive geographic features on two exclusive grounds:

e Kanyakumari marks the land's ending point of the Republic of India

e Meeting point of three great seas, Indian Ocean, Arabian Sea and Bay of Bengal

Located almost 700 km away from the busy metropolis of Chennai, Kanyakumari is
one of its kind destinations that attract visitors from all over the world. The district of
Kanyakumari unveils a whole new world that is filled with nature and tranquillity all around.

Kanyakumari is long familiar for its never-ending list of tourist attractions that cater to the
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needs and demands of the visitors in terms of tourism. Be it temples or other religious sites,
beaches or nature spots, boating or other fun activities, the wide range of tourist attractions
the district has to extend is simply astonishing. Specially Lemur beach is long familiar for its
one of the tourist attractions that cater to the needs and demands of the visitors in terms of
tourism.
Kanyakumari is regarded as one of the most tourist-friendly districts in the southern state of
Tamil Nadu. The district is literally situated at the south most point of South India, which
itself is a singular thing to look for! Kanyakumari was once called as Cape Comorin during
the British time and is now fondly called as Kumari Mona in the local language of Tamil. The
name Kanyakumari is derived from the Goddess Kumari Amman dedicated to Virgin
Goddess Kanyakumari and the Kumari Amman Temple is located on the land along the edge
of the meeting of the Arabian Sea, Indian Ocean and Bay of Bengal. likewise, Amman temple
and other temples, Churches and Mosque also attracted by tourist there at near Lemur Beach.
Religious Sites in Ganapathi Puram

The religious sites of Ganapathi Puram are celebrated all over the globe for their
wonderful architecture. Besides, the Tamil people are known for their devotedness towards
their respective religious beliefs and religious sites. The major population of the southern
state of Tamil Nadu being followers of Hinduism, the entire of Ganapathi Puram is scattered
with temples.
Temples at lemur beach

The lemur beach overlooking the gently lapping waves of blue see this is one of the
most gorgeous temples at lemur beach and is renowned for its mystical aura and intriguing
history. A temple a religious building that’s meant for worshipping or praying Hindu
temples are typical devoted to one specific god. Arulmigu Dharma Sastha Temple is
considered a scared shrine entirely dedicated to lyappan. View the beautiful temple that
depicts better architectural significance along with a very major highlight add that is four
musical pillars created out of single stone that makes it more magnificent. Next
ArulmiguVandimalachi Amman Temple Thirukovil as popularly known as Devi Amman,
and the majestic architecture of the temple gets shaped by Pandya’s and gets repowered by
Marthandawarma. Experiencing tragic faith along with passionate love for Goddess
Vandimalachi Amman.
Kurusady at lemur beach

A Church is one of the groups of people within the Christian religion, for example
Catholics or Methodists, that have their own beliefs, clergy, and forms of worship. Inside a
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church, a service given by a religious official that helps guide worship. Church can also refer
to the group of people you see regularly at Sunday's service. "Church.” Matha Kurusady is
situated at Lemur Beach in Ganapathi Puram. Matha Church is also attracted tourists due to
their peaceful and calm appeal.
Secluded beach

Lemur Beach is a secluded beach located in the Kanyakumari district of Tamil Nadu,
India. The beach is known for its pristine blue waters, soft white sand, and breathtaking
natural scenery.
Name meaning of Lemur Beach

The beach is named after the endangered primate species, the Lemur, which is found
in the nearby forest areas.
Location and Accessibility

Lemur Beach is located in the village of Muttom, which is about 32 km from
Kanyakumari town.
Way to reach the Lemur Beach

The beach is accessible by road, and visitors can hire a taxi or take a bus from
Kanyakumari town to Muttom village. The nearest airport and railway station are in
Trivandrum, which is about 85 km away.

Natural Scenery

The beach is surrounded by lush green forests and rocky cliffs, providing a stunning
backdrop for the blue waters of the Arabian sea. Visitors can enjoy a peaceful walk along the
beach, taking in the natural beauty of the area.

Water Sports and Activities

Apart from water sports, visitors can take a stroll along the beach, relax in the shade
of the palm trees, or simply enjoy the stunning natural scenery of the area.
Restrictions on water sports at the beach

Visitors are required to follow safety guidelines and restrictions set by the local
authorities.
Best time to visit the Lemur Beach

The best time to visit the beach is between October and March when the weather is
pleasant and ideal for water sports.
Necessary to book accommodation in advance

It is recommended to book accommodation in advance, especially during peak tourist

season, to avoid any last-minute inconvenience.
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Accommodation and Dining

There are a few hotels and guesthouses located in Muttom village, offering
comfortable accommodation for visitors.
Kinds of food at near the beach

Visitors can enjoy a range of local delicacies at the small restaurants and food stalls
located near the beach. Seafood lovers can indulge in fresh catch of the day, prepared in a
variety of local styles.
Tamil Nadu Government Accommodation

Hotel Tamil Nadu, operated by Tamil Nadu Tourism Development Corporation

(TTDC) provides visitors with a wide range of facilities which include spacious rooms with
or without AC, multicuisine restaurant, conference halls, parking space, and indoor games
and so on. Kanyakumari also offer a lot of private accommodation options too.
Conclusion

Lemur Beach also known as Ganapathi Puram beach, located in
Kanniyakumari, is one of the most popular tourist destinations in southern India.
Known for its pristine beaches and breathtaking views, this beach offers visitors a
chance to relax and unwind while enjoying the natural beauty of the area. The beach
is named after the lemurs, small primates that are native to Madagascar, but are not
found in this part of India. The name, however, does not detract from the beauty of
the beach, which is surrounded by lush greenery and clear blue waters. The beach is
clean and well-maintained, with plenty of space for visitors to spread out and enjoy
the scenery. One of the main attractions of Lemur Beach is the stunning sunrise and
sunset views. Visitors can enjoy the early morning sunrise and watch as the sun
slowly rises over the horizon, casting a warm glow over the beach. In the evening,
visitors can watch as the sun sets into the ocean, painting the sky with a brilliant
array of colours. The beach is also known for its water sports activities, including
swimming, boating, and fishing. For those looking to relax, there are plenty of shaded
areas along the beach where visitors can sit and enjoy the cool ocean breeze. The
beach is also home to several small cafes and restaurants, where visitors can sample
local cuisine and enjoy a refreshing drink while taking in the stunning views. In
addition to the beach, the area surrounding Lemur Beach is home to several other
attractions, including the Vivekananda Rock Memorial and the Thiruvalluvar Statue,
both of which are located just a short distance from the beach. These iconic
landmarks offer visitors a chance to learn about the history and culture of the area,
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and are a must-visit for anyone traveling to Kanyakumari. Overall, Lemur Beach is a

must-visit destination for anyone traveling to Kanniyakumari.With its stunning

natural beauty, array of water sports activities, and nearby attractions, there is

something for everyone at this beautiful beach. Whether you are looking to relax and

unwind, or to explore the surrounding area, Lemur Beach is the perfect place to do it.
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ABSTRACT

Pradhan Mantri Gramin AwasYojana, Previously Indira Awas yojana is a social
welfare programme, created by the Indian Government to provide housing for the rural poor
in India. In the year 2015, the Indian government introduced the Pradhan Mantri Awas
Yojana (PMAY) to provide affordable housing to all citizens by 2022. PMAY-Housing for All
(Gramin) is drawing attention of the researchers in evaluating the programme. The present
research has been focused on studying of the PMAY scheme in Kanyakumari District. The
study analyses the work completion and landless beneficiaries under Pradhan Mantri Awas
Yojana Gramin in Kanyakumari District from the year 2016 -17 to 2023 — 2024. It also
provides information on the problems faced by the beneficiaries in the study area. The study
makes use of both primary and secondary data. The data on Pradhan Mantri Awas Yojana
Gramin has been collected from the website of PMAYG-Report. The primary data were
collected from 25 sample respondents by using convenient sampling method. The collected
data have been properly processed with the help of transcription. To make present research
study highly effective, the statistical techniques such as percentages and averages have been
used. The major problems faced by the beneficiaries are delay in sanction, lack of capital and
lack of electricity supply. The majority of the sample respondents mentioned that the delay in
response is the major problem faced by them.

Keywords: Housing, PMGAY, Rural development

Introduction

Pradhan Mantri Gramin AwasYojana, Previously Indira Awas yojana is a social
welfare programme, created by the Indian Government to provide housing for the rural poor
in India. Indira Awas yojana was launched in 1985 as one of the major flagship programs of
the Ministry of Rural Development to construct houses for the below poverty line population
in the villages. It was restructured in the year 2015. In the year 2015, the Indian government
introduced the Pradhan Mantri Awas Yojana (PMAY) to provide affordable housing to all
citizens by 2022. The scheme was launched to aid the middle-income community,
economically weaker sections (EWS) and low-income groups (LIG). The scheme in urban
areas called as Pradhan Mantri Awas Yojana-Urban (PMAY-U) and in rural areas called as

Pradhan Mantri Awas Yojana Gramin (Pradhan Mantri Awas Yojana Rural)
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Statement of the Problem
Even though there are lot of housing programmes implemented in India since
independence, these programs lacked continuity and interconnectedness, which has drawn
attention of the earlier researches to assess housing policies and programmes in India.
Recently launched affordable housing scheme, PMAY -Housing for All (Gramin) is drawing
attention of the researchers in evaluating the programme. The present research has been
focused on studying of the PMAY scheme in Kanyakumari District.
Objectives
v To study the Pradhan Mantri Awas Yojana Gramin in Kanyakumari District
v' To analyses the work completion under Pradhan Mantri Awas Yojana Gramin in
Kanyakumari District
v To identify the landless beneficiaries in Kanyakumari District
v To understand the problems faced by the beneficiaries in the study area
Significance of the Study
v" By this study one can understand the progress of PMAYG in Kanyakumari District
v We can identify which block dominates in PMAYG in Kanyakumari District
v From this study, one can understand landless beneficiaries of the block wise PMAYG
in Kanyakumari District
Methodology
The study made use of both primary and secondary data. The secondary data were
collected from the website of Indian Brand Equity Foundation and website of PMAYG-
Report. The study also uses the primary data to understand the problems faced by the
beneficiaries. The data were collected from 25 sample respondents by using convenient
sampling method.
Tools of Analysis
The data obtained from the various websites from the year 2016 - 2023 (till
September) are carefully tabulated and analysed. The collected data have been properly
processed with the help of transcription. To make present research study highly effective, the
statistical techniques such as percentages, and averages have been used. A number of tables
related to Agastheeswaram, Rajakkamangalam, Thiruvattar, Thuckalay, Thovalai, Melpuram,

Munchirai, Killiyoor, and Kurunthencode block have been prepared from the collected data.
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Research Period

As the present study was carried out by using the secondary data the period of study is
2016 - 2017 to 2023 - 2024 (till September). The primary data were collected during the
month of July to October, 2023.
Analysis of Pradhan Mantri Awas Yojana in Kanyakumari District

The collected data from various sources are analysed to understand the effective
working of Pradhan Mantri Awas YojanaGramin in Kanyakumari District. They are given
below.
Houses sanctioned during the year 2016 - 2024 in Kanyakumari District

The table 1 shows the number of houses sanctioned in Kanyakumari District from the
year 2016 - 2023 (till September). The total no of houses sanctioned is 2,356. From the table
it is clear that the number of houses sanctioned is low during the year 2023 - 2024. The
number of houses sanctioned is 37 during the period. The highest number of houses
sanctioned is 849 during the period 2017 - 2018.

Table 1. Number of Houses sanctioned during the year 2016 - 2024 in Kanyakumari

District
Year No. of Percentage
Houses
sanctioned
2016 - 17 117 4.96
2017 - 18 849 36.03
2018 - 19 275 11.67
2019 - 20 128 5.43
2020 - 21 154 6.53
2021 - 22 653 27.71
2022 - 23 143 6.06
2023 - 24 37 1.57
(till September)
Total 2,356 100

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
Block-wise houses sanctioned in Kanyakumari District

The Table 2 shows the block wise no. of houses sanctioned in Kanyakumari District.
The total number of houses sanctioned is 2, 343. From the table it is clear that the number of
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houses sanctioned is low in Killiyoor block which is 150. The highest number of houses
sanctioned is in Melpuram block and the houses sanctioned are 435.

Table 2. Block wise houses sanctioned in Kanyakumari District during the period

2016 - 2024
Block Name Total no. of houses Percentage
sanctioned
Agastheeswaram 185 7.89
Killiyoor 150 6.40
Kurunthencode 227 9.68
Melpuram 435 18.56
Munchirali 271 11.56
Rajakkamangalam 297 12.67
Thiruvattar 268 11.43
Thovalai 325 13.87
Thuckalay 185 7.89
Total/Avg 2,343 (260.33) 100

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
Houses completed in Kanyakumari District

TheTtable 3 shows the number of houses completed in each block in Kanyakumari
District. The total number of houses completed is 2,194. From the table it is clear that the
number of housescompleted is low in Killiyoor block and the houses completed is 148. The
highest no. of houses completed is in Melpuram block and the houses completed are 424.
Impact of seasonality on completed house.

The Table- 3 shows the impact of seasonality on completed house. From the Table it
is clear that the average completion rate in summer, rainy, winter and spring are 178, 202,
171 and 163 respectively. The highest average completion rate is in rainy season and the
lowest is in spring season.

Table 3. Block wise impact of seasonality on completed house

Block Name Average Average Average Average
completion rate completion completion completion
in Summer (in | rate in Rainy | rate in Winter | rate in Spring
days) (in days) (in days) (in days)
Agastheeswaram 224 243 143 265
Killiyoor 177 168 128 140
Kurunthencode 220 210 174 194
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Melpuram 164 184 167 152
Munchirai 202 187 185 162

Rajakkamangalam 149 204 158 155
Thiruvattar 147 208 174 130
Thovalai 163 226 221 158
Thuckalay 162 189 143 136
Total/Avg 178 (19. 77) 202 (22.44) 171 (19) 163 (18)

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTime ADReport.aspx

Payment rejected status

The Table-4 shows the payment rejected status. From the Table 4, it is clear that the

total no. of payment rejected is 202, the total no. of payment after rejection is 197 and the

total no. of payment not initiated after rejection is 5.

Table 4. Block wise payment rejected status

Block Name Rejected Payment after Payment not initiated
rejection after rejection
Agastheeswaram 13 13 0
Killiyoor 5 5 0
Kurunthencode 25 24 1
Melpuram 53 52 1
Munchirai 4 4 0
Rajakkamangalam 40 39 1
Thiruvattar 19 18 1
Thovalai 21 20 1
Thuckalay 22 22 0
Total 202 (22.44) 197 (21.88) 5 (0.55)

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx

Delay in fund transferred

The Table- 5 shows the delay in fund transferred. From the Table 5 it is understood

that the highest days for the delay in fund transferred in 0-5 days which amount the total of

5509 and the lowest days for the delay in fund transferred in above 30 days is 158.
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Table 5. Block wise delay in fund transferred
Block Name 0-5 Days 6-10 11-15 16-20 20-30 | >30 Days
Days Days Days Days

Agastheeswaram 483 173 46 10 9 19
Killiyoor 296 231 25 21 12 12
Kurunthencode 530 191 57 23 27 10
Melpuram 1095 393 127 62 18 26
Munchirali 634 295 55 46 36 21
Rajakkamangalam 761 208 70 37 14 10
Thiruvattar 612 270 91 20 27 28
Thovalai 715 341 62 11 12 13
Thuckalay 383 209 57 17 16 19
Total 5509 2311 590 247 171 158

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx

Awaassoft Remand Progress Report

The Table- 6 shows the Awaassoft Remand Progress Report. From the Table 6 it is

found that the minority category has the highest rate which is 3313 and the lowest category
goes to ST which is 32.

Table 6. Block wise Awaassoft Remand Progress Report

Block Name ST SC Minority Others Total
Agastheeswaram 3 47 28 178 256
Killiyoor 0 14 171 99 284
Kurunthencode 0 28 193 358 579
Melpuram 4 20 314 217 555
Munchirai 0 39 278 767 1084
Rajakkamangalam 0 87 78 626 191
Thiruvattar 3 19 770 241 1033
Thovalai 22 110 158 388 678
Thuckalay 0 44 410 439 893
Total 32 408 2400 3313 6153

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
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The Table- 7 shows the Age wise sanction. From the Table 7 it is realised that the

highest age wise sanction in 18-71 years is 2022, the lowest age wise sanctioned is 0-10 and

above 100 is 1.

Table 7. Block wise age wise sanctioned

Block Name 0-10 | 11-17 18-71 71-80 | 81-90 | 91-100 | Above
100

Agastheeswaram 0 0 155 22 7 1 0
Killiyoor 0 0 122 21 5 2 0
Kurunthencode 0 0 205 17 4 1 0
Melpuram 0 0 381 42 10 2 0
Munchirai 0 0 222 36 10 2 1
Rajakkamangalam 1 0 265 25 4 2 0
Thiruvattar 0 1 228 30 7 2 0
Thovalai 0 1 292 21 9 2 0
Thuckalay 0 0 152 23 6 0 0
Total 1 2 2022 237 62 14 1

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx

Landless Beneficiaries Report

The Table - 8 shows the landless beneficiaries. From the Table 8 it is clear that the

total landless beneficiaries are 1483, total landless who got sanctioned is 51 and total landless

who are not sanctioned is 1432. The highest landless beneficiaries are in Thovalai Block.

Table 8. Block wise landless beneficiaries report

Block Name Total Landless | Total Landless who | Total Landless who
got Sanctioned are not Sanctioned
Agastheeswaram 269 4 265
Killiyoor 7 2 5
Kurunthencode 240 15 225
Melpuram 62 1 61
Munchirali 25 1 24
Rajakkamangalam 276 5 271
Thiruvattar 18 1 17
Thovalai 500 20 480
Thuckalay 86 2 84
Total 1483 ol 1432

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
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Houses Progress against the Target Financial Year

The Table 9 shows that Houses Progress Against the Target Financial Year. From the
table 9, it is found that the Target fixed by District is 2390, registered houses are 2553 and
completed houses are 2206.

Table 9. Block wise houses progress against the target financial year

Block Name Target fixed by Registered Completed
District

Agastheeswaram 190 231 183
Killiyoor 152 157 148
Kurunthencode 227 257 206
Melpuram 441 448 429
Munchirai 276 280 270
Rajakkamangalam 303 318 265
Thiruvattar 274 283 257
Thovalai 335 389 275
Thuckalay 192 190 173
Total 2390 2553 2206

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
Average Completion Time of Houses Sanctioned
The Table 10 shows that the Average Completion Time of Houses Sanctioned. It is
found that the highest number of houses completed is in 10 months and the total number of
houses completed in 10 months is 2005.
Table 10. Block wise average completion time of houses sanctioned

Block Name Average No. of house No. of house
Completion completed completed
Time in Days within 10 within 365 days
months

Agastheeswaram 241 145 13
Killiyoor 158 144 3
Kurunthencode 206 181 10
Melpuram 168 395 18
Munchirai 184 249 12
Rajakkamangalam 171 248 4
Thiruvattar 177 243 5
Thovalai 195 236 12
Thuckalay 167 164 2
Total 184 2005 79

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
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Unfreeze the Account of Beneficiary list

The Table 11 shows that unfreeze the Account of Beneficiary list. From this table 11,
it is understood that the highest one-time change is in Munchirai Block which is 6 and the
lowest in Kurunthencode and Thiruvattar Block. These blocks have one time change.

Table 11. Block wise unfreeze the account of beneficiary list

Block Name One Time Change Account Rejected

Agastheeswaram 4 26
Killiyoor 3 26

Kurunthencode 1 5
Melpuram 2 21

Munchirali 6 9
Rajakkamangalam 5 19
Thiruvattar 1 13
Thovalai 2 21
Thuckalay 2 14
Total 26 154

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTime ADReport.aspx
House Completed but Amount Not Released Fully
The Table 12 shows that the House Completed but Amount Not Released Fully. The
table 12 clearly shows that the total amount not completed is 4, the total amount sanctioned is
4.800, the total amount released is 2.910, and the total amount pending is 1.890.
Table 12. Block wise Completion house but amount not released fully

Block Name Amount Not Amount Amount Amount
Completed Sanctioned Release Pending
Agastheeswaram 0 0 0 0
Killiyoor 2 2.400 1.322 1.078
Kurunthencode 1 1.200 0.794 0.406
Melpuram 0 0 0 0
Munchirai 0 0 0 0
Rajakkamangalam 0 0 0 0
Thiruvattar 0 0 0 0
Thovalai 1 0 0 0
Thuckalay 0 1.200 0.794 0.406
Total 4 4.800 2.910 1.890

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
Administrative and Transaction Delay

The Table 13 shows that the Administrative and Transaction Delay. From the table 13
one can understand that the total average construction time is 116, the total average
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administrative time is 70, the total average financial transaction time is 9 and the total actual

average completion time is 79.

Tablel3. Block wise administration and transaction delay

Block Name Average Average Average Actual
Construction | Administrative Financial Average
Time (in days) | Time (in days) | Transaction Completion
Time (in days) Time
Agastheeswaram 167 82 8 90
Killiyoor 110 49 9 58
Kurunthencode 100 114 11 125
Melpuram 113 56 9 65
Munchirai 116 68 9 77
Rajakkamangalam 84 88 8 96
Thiruvattar 118 62 8 70
Thovalai 134 64 9 73
Thuckalay 115 53 9 62
Total 116 70 9 79

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
No. of Houses where BDO Approved the Name Mismatch till 2020 - 2021

The Table 14 shows that the No. of Houses Where BDO Approved the Name
Mismatch Till 2020-2021. The table 14 shows that the total mismatched is 814, the total not
matched is 261 and the total mismatched is 126.

Table 14. Block wise number of houses where BDO approved the name mismatch till

2020 - 2021
Block Name Total mismatched Not matched Mismatched

Agastheeswaram 71 20 11

Killiyoor 58 20 5
Kurunthencode 88 15 22

Melpuram 104 42 4
Munchirai 116 41 17
Rajakkamangalam 90 31 10
Thiruvattar 127 37 32
Thovalai 62 11 15
Thuckalay 98 44 10
Total 814 261 126

Source: Rhreporting.nic.in/netiay/dataanalytics/AverageCompletionTimeADReport.aspx
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Problems faced by Beneficiaries.

The Table 15 shows the problems faced by the beneficiaries. The major problems

faced by them are delay in sanction, lack of capital and lack of electricity supply. The

majority of the sample respondents (36%) mentioned that the delay in response is the major

problem faced by them.

Tablel5. Problems faced by beneficiaries

SI. No Problems No. of Percentage
respondents

1 Delay in Fund 6 24
Transfer

2 Delay in Response 9 36

3 Delay in sanction 2 8

4 Lack of Capital 4 16

5 Lack of Electricity 4 16
Supply

- Total 25 100

Source: Primary Data

Findings, Suggestions and Conclusion of the Study

The important findings based on the analysis are listed below:

Findings

The no. of house sanctioned is low in Killiyoor block and the houses sanctioned are
150. The highest no. of houses sanctioned is in Melpuram block and the houses
sanctioned are 435.

The no. of house completed is low in Killiyoor block and the houses completed are
148. The highest no. of houses completed is in Melpuram block and the houses
completed are 424.

The highest average completion rate is in rainy season and the lowest is in spring
season. It shows the impact of seasonality in completion of the houses.

The total beneficiary’s name changedue to death case marked is 18 and the total death
case approved is 15.

The total no. of payment rejected is 202, the total no. of payment after rejection is 197
and the total no. of payment not initiated after rejection is 5.

The highest days for the delay in fund transferred in 0-5 days is 5509 and the lowest
days for the delay in fund transferred in above 30 days is 158.
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The Awaassoft Remand Progress Reportshows that the minority category has the
highest rate which is 3313 and the lowest category goes to ST which is 32

The highest age wise sanction in 18-71 ages is 2022, the lowest age wise sanctioned is
0-10 and above 100 is 1.

The total landless beneficiaries are 1483, total landless who got sanctioned is 51 and
total landless that are not sanctioned is 1432.

The Target fixed by District is 2390, registered houses are 2553 and Completed
houses are 2206.

The highest no. of houses completed is in 10 months and the total no. of houses
completed in 10 months is 2005.

The highest one time change in Munchirai Block is 6 and the lowest in
Kurunthencode and Thiruvattar Block is 1 respectively.

The total no. of accounts rejected by PFMS is 14.

The total amount not completed is 4, the total amount sanctioned is 4.800, the total
amount released is 2.910, and the total amount pending is 1.890. The completion of
houses was possible but the amounts were not completed fully.

The total average construction time is 116, the total average administrative time is 70,
the total average financial transaction time is 9 and the total actual average
completion time is 79.

The total mismatched name is 814, the total not matched is 261 and the total
mismatched is 126. The BDO approved the name mismatch till 2020-2021.

The major problems faced by the beneficiaries are delay in sanction, lack of capital
and lack of electricity supply. The majority of the sample respondents (36%)
mentioned that the delay in response is the major problem faced by them.

Suggestions

>

Periodical visit by the government officials in rural place to explain uneducated
people how to take the loan in any central Government scheme.

Proper awareness should be given to the people about this scheme.

Social groups can be formulated for the rural poor to apply this scheme through
online.

The Government should take some effective steps to improve the application process.
The need of the hour is to conduct an all-India housing survey to assess the present

housing shortage of rural people, especially for downtrodden in rural areas.
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» To improve the environment of human settlements, Government should provide
drinking water, Sanitation and other basic amenities.
» The priority must be accorded to victims of natural calamities, low-income groups,
economically and socially weaker sections, widows, and matriarchal family.
Conclusion
The present study showed that the major problems faced by the beneficiaries are delay
in sanction, lack of capital and lack of electricity supply. The majority of the sample
respondents mentioned that the delay in response is the major problem faced by them.
Despite of these problems faced by the beneficiaries; the scheme provided housing for the
rural areas. After the implementation of this scheme many ruralareas in Tamil Nadu have
developed well economically. There are significant changes about housing development in
rural areas through the proper implementation of Pradhan MantriAwasY ojana.
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ABSTRACT

This study explores the transition from tangible to digital currency, focusing on the
rise of Central Bank Digital Currency (CBDC). It covers CBDC’s concept, features and
global implementation stages with 95% of global GDP represented by 114 countries
exploring CBDC its significance in financial inclusion and stability is emphasized. Notable
CBDC initiatives in China, Sweden, and Brazil are highlighted. In India, the pilot stage of
the retail CBDC is a significant step towards enhancing payment efficiency and promoting
financial inclusion.

Keywords: Digital currency, Monetary system, Monetary policy.

Introduction

Currency has travelled a long way in the course of history from barter system to
metallic coins to paper currency and finally to electronic form, a transition from tangible to
intangible form of money. This concept of intangible or digital currency is gaining much
momentum in the 21% century financial system.

Digital currency (digital money, electronic money or electronic currency) is any
currency, money or money-like asset that is primarily managed, stored or exchanged on
digital computer systems, especially over the internet. Digital currency may be recorded on a
distributed database on the internet, a centralized electronic computer database owned by a
company or bank, within digital files or even on a stored value card. Types of digital
currencies include crypto currency, virtual currency and central bank digital currency.

A CBDC (Central Bank Digital Currency) is a legal tender issued by a Central bank in
a digital form. In the Union Budget 2022, Finance Minister NirmalaSitharaman had
announced the launch of CBDC by the RBI starting 2022 - 2023 which according to the
Hon.Minister, will give boost to the digital economy. "We see clear advantages in a central
bank driven digital currency, because in this day and age, bulk paymentshappening between
countries, large transactions between institutions andlarge transactions between central banks
themselves of each country areall better enabled with digital currency.” According to Atlantic

Council, 114 countries representing over 95% of global GDP are currentlyexploring a CBDC
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in contrast to May 2020, when only 35 countries wereconsidering a CBDC. So far, 11
countries have launched their CBDCswhile 18 countries including China and India are in the
pilot stage. Whenthe countries around the world are racing to launch their own
digitalcurrency, our study seeks to analyse the relevance of CBDCs in thecontemporary
world and how they will change the structure of themonetary system, especially in India.
Objectives of the Study
1. To explain the concept of Central Bank Digital Currency (CBDC)
2. To understand the policy implications of CBDC
3. To trace the global scenario regarding CBDC implementation
4. To analyse the significance of CBDC in India
Methodology

The study is based on secondary data. Main sources of data include international
articles, journals, news reports, budget presentation, research presentations and internet.
Concept note on Central Bank Digital Currency released by the Reserve Bank of India served
as a major source of data collection. The websites of the central banks of the different
countries were referred to for sourcing the data.
CBDC: The Concept

Central Bank Digital Currency (CBDC) is a digital form of currency notes issued by a
central bank. While most central banks across the globe are exploring the issuance of CBDC,
the key motivations for its issuance are specific to each country's unique requirements. A
CBDC is a central bank liability, denominated in an existing unit of account, which serves
both as a medium of exchange and as a store of value. Reserve Bank defines CBDC as the
legal tender issued by a central bank in a digital form. It is the same as a sovereign currency
and is exchangeable one-to-one at par (1:1) with the fiat currency. While money in digital
form is predominant in India for example in bank accounts recorded as book entries on
commercial bank ledgers a CBDC would differ from existing digital money available to the
public because a CBDC would be a liability of the reserve bank and not of a commercial
bank.
CBDC: Features
e CBDC is a sovereign currency issued by central banks in alignment with their monetary

policy.

e It appears as a liability on the central bank's balance sheet.
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e It must be accepted as a medium of payment, legal tender and a safe store of value by all
citizens, enterprises and government agencies.

o It will be freely convertible against commercial bank money and cash.

e Itisafungible legal tender for which holders need not have a bank account.

e Itis expected to lower the cost of issuance of money and transactions.

Design Aspects of CBDC Types

e Wholesale CBDC for faster interbank payments and secure settlement.

e Retail CBDC for individuals acting as digital cash issued by the central bank, potentially
replacing physical currency.

CBDC Forms

e Account based CBDC with a trusted intermediary, suitable for wholesale CBDC

e Token-based CBDC, closer to physical cash, verifying ownership without an
intermediary, preferred for Retail CBDC.

CBDC Issue and Management

e Direct Model: Central bank handles CBDC issuance and management.

e Indirect Model: Central bank issues CBDC through intermediaries, similar to current
physical currency system.

CBDC Significance

1. Financial Inclusion: CBDCs offer direct access to financial services, especially for the
unbanked stimulating participation in the digital economy.

2. Security and Reliability: CBDCs provide secure digital payment options, enhancing
online and offline transactions and streamlining cross-border payments.

3. Guarding Financial Stability: CBDCs can mitigate risks and ensure stable payment
alternatives across different platforms.

4. Towards a Less-Cash Society: CBDCs complement cash, aiding in reducing tax evasion,
money laundering, and providing a more traceable form of payment. Overall, CBDCs
serve as a secure, accessible and reliable digital currency option, aligning with the trend
towards a less cash-dependent society.

CBDC Key Principles

1. Non-disruption: CBDC should not disrupt central bank operations or compromise
financial stability. It must ensure uniformity and seamless interchangeability of currency

forms.
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2. Coexistence: CBDC should complement existing forms of currency, working in harmony
with them to achieve public policy goals. It should be a tool for financial inclusion,
particularly in unbanked areas.

3. Innovation and Competition: The CBDC ecosystem should promote continuous
innovation and efficiency, encouraging healthy competition with other digital payment
systems. Involvement of PSPs, public and commercial banks is vital for adoption and
accessibility. Private economic agents should have the freedom to choose their preferred
currency and payment system for transactions.

Policy Implications of CBDC

1. Monetary Policy: CBDC may enable more timely transmission of monetary policy. The
extent of its impact will depend on usage and design. A larger balance sheet might be
required if CBDC substitutes other forms of currency.

2. Liquidity Management: Increased CBDC demand may lead to deposit outflows from
banks, potentially affecting reserve money, money supply and liabilities. It could also
impact central bank balance sheets.

3. Legal Implications: Current central bank laws often don't permit CBDC issuance to the
public. Classification as currency and legal status of token-based CBDCs remain unclear.

4. Financial Stability: CBDC can benefit financial resilience but may also disrupt existing
financial structures. Safeguards like user access criteria and transaction limits are being
explored.

5. Bank Balance Sheets: Substitution of assets and liabilities due to CBDC adoption may
affect bank balance sheets, potentially leading to changes in central bank liabilities and
assets. If commercial banks face liquidity constraints, it may necessitate additional central
bank reserves issuance.

CBDC and its Implications: Global and Indian Perspectives

In the 17th Century, the Bank of England became the first bank to regularly issue
banknotes as an alternative to coins, precious stones, etc. to function as a means of payment.
As centuries passed, maintaining price stability became a primary concern for central banks
around the world. In 21%Century the financial sector is buzzing with a new revolutionary
concept which is a form of intangible money Central Bank Digital Currencies.

The latest reports projected that nearly 90% of the central banks around the world are
exploring CBDCs. In the previous year, 40% of countries had entered the experimenting
stage which has now risen to 60%. China is the major economy which is most advanced in its
CBDC development. The People's Bank of China has been running its digital currency tests
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since April 2020 with the help of four banks in the country. Thousands of customers have
already been involved with the pilot stage; spending two billion Yuan in over four million
transactions. For China, the idea of a central bank digital currency incorporates geopolitical
considerations too, providing a mechanism to shift away from using the US Dollar because
most of the real-world trade is denominated and invoiced in Dollars. China sees this as an
obstacle for them to push the renminbi into the global financial system and global trading
system. Having a digital currency would potentially be a significant step to overcome the
same. But it is not only China; the European Central Bank had plans for a digital euro before
a few years itself. It had explained that the digital currencies may help to remove the issues of
money laundering, financing of terrorism, privacy of users and their information. It is looking
at how a digital euro could be designed and distributed, as well as the impact it could have on
the market and then decide whether to start the process of actually developing it.

But a lot of aspects regarding this system may depend upon how much people would
use CBDC’s and no central bank wants them to completely replace traditional cash but rather
to complement it. There would be troubles when CBDCs replace bank deposits by a large
amount because of shifting their savings from bank account to CBDC’s. The banks could
face the problem of liquidity crunch which could affect the financing of the whole economy.

As we move towards a cashless society CBDC’s to emerge as a trusted and
convenient currency will take significant time.

Tracking the Stages of CBDC Implementation

Several countries across the globe are exploring the concept of CBDC and hence are
at various stages of its implementation, mainly research, development, pilot and launched
stages. A global example of each stage is analysed below.

CBDC at launched stage-The Bahamas-Sand Dollar project

In 2020, the Bahamas launched the world’s first central bank digital currency, the
Sand Dollar. It's the digital version of the Bahamian dollar (B$) issued by the Central Bank.
It offers flexible access via mobile apps or payment cards, enhancing financial services. The
Sand Dollar ensures monetary stability like the Bahamian fiat. Around 90% of Bahamians
use mobile phones, making it easily accessible. This initiative aims for financial inclusion,
especially for the 20% without bank accounts.

CBDC at pilot stage-Sweden's E-krona project

Sweden leads in CBDC progress. Riksbank, with Accenture, began building a CBDC
platform in 2020. In 2021, e-krona’s trial indicated viability. Phase two results in 2022
showed successful offline functionality and integration with banks. Riksbank, along with
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other central banks, initiated Project Icebreaker in 2022 for cross-border CBDC payments,
with a final report due in 2023.
CBDC at development stage-Brazil's Digital Real project
The Digital Real is Brazil's move towards modernizing its economy. Banco Central do Brazil
released guidelines in May 2021. Key goals include privacy, security, interoperability and
cross-border payments. Brazil's instant payment system, PIX, gained popularity, used by
nearly 70% of the population by early 2022. A mockup integrating Digital Real, crypto and
traditional services was shared in November 2022. Public pilot expected in 2023. Globally,
11 countries launched their own digital currency with China's e-CNY leading. Many Asian
countries are in the pilot phase. 32 countries, including the US and Brazil are in the
development phase, while 36, including Pakistan and Mexico are in the research stage. Forty-
seven countries target retail CBDC’s eight focus on wholesale and twenty-one implement
both.
India's CBDC Project

India announced the CBDC in the 2022 Union budget, with the RBI releasing a
concept note on the digital rupee in October 2022. The e-rupee (eRs.) is a digital version of
the Indian Rupee, with both wholesale and retail versions proposed. Unlike crypto, e-rupee is
issued and controlled by the RBI and users can't mine it. It maintains a one-to-one parity with
the rupee. Anonymity in transactions is addressed through partial anonymity for small
transactions. Concerns about value and interest payments are still under RBI consideration to
ensure stability in the financial system.

Benefits of CBDCin India
1. Reduces currency cost and settlement risk, saving on security printing expenses.
2. Enhances payment system efficiency and spurs innovation.
3. Aids in promoting financial inclusion.
4. For RBI, the challenge lies in scaling CBDC for widespread acceptance and utility.
How the Pilot Stage Works in India

In 2022, RBI allowed nine banks with rupee and government bond accounts to
implement CBDC. They need to establish a direct connection to RBI's CBDC server through
their own server using DLT or block chain technology, bypassing intermediaries.
Who Can Use the Retail CBDC?

The first phase of the retail CBDC pilot includes select locations and banks in a

closed user group involving both customers and merchants. Initially, it covers Mumbai, New
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Delhi, Bengaluru and Bhubaneswar with plans to expand to other cities. The four initial
banks are SBI, ICICI Bank, Yes Bank and IDFC Bank with four more banks to join later.
What Will the Retail Rupee Be?

Retail digital CBDC is the electronic form of cash, designed for person-to-person
transactions, accessible to all, including private sector, individuals and businesses. RBI aims
to spread digital rupee usage across India, ensuring secure payments and settlements. This
electronic version prevents fraud and curbs black money circulation due to detailed
recording.

How the CBDCis Different from the Current Monetary System

Currently, banks trade with CCIL for net settlements, taking over a day. In the CBDC
pilot, banks exchange money directly, allowing for real-time grosssettlements. After
successful testing with nine banks, this system may expandto all, including government and
corporate banks, eventually reaching retailers. This digital transfer technology promotes
financial inclusion and aids in efficient cross-border transactions, benefiting individuals and
corporations alike.

Conclusion

Digital payment systems are expanding access to financial services, particularly for
unbanked individuals. However, they bring challenges like cybersecurity, compliance with
regulations and preventing illicit use. Nations are actively exploring their own digital
currency - a CBDC - to address these issues. The study covers CBDC design, implications
for monetary policy and global CBDC expansion. India is currently in the pilot stage of
CBDC implementation.
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ABSTRACT
In India many afford have been made from time to time to study the socio-economic
conditions of Aari workers in organized and unorganized industries. The present study aimed
to assess the work pressure and health issues among Aari workers. They are under pressure
to keep up with the production demands. It also shows that most of the Aari workers are
having health issues. The aim of the study has been to improve the economic condition and to
reduce the health problems faced by the Aari workers.

Keywords: Aari workers, Embroidery, Organized, Health issues

Introduction

Aari work is a type of embroidery which is done on a stretched fabric and stitching
the design with a long needle which has a hook in the end. The needle technique origins from
the mocha community, who use this type of needle to stitch intricate patterns on leather
footwear, the needle is named as Aari, from which the embroidery work derives its name as
Aari work. This work consists of beads, stones, golden and silver threads which gives a royal
richness to the design. Aari work is known for its elegant thread work that enhances the
gravity of hand embroidery. Aari gets its name from the ‘Aar’, which is a small, hooked
needle or awl used by the craftsmen. First, the pattern is carefully traced on transparent paper
by a specialized artisan. Perforations are made along the outlines and the paper is placed on
the fabric. A special chalk is rubbed over the paper, imprinting the pattern on the fabric
below. The fabric is mounted on a rectangular, wooden frame and the embroidery process
begins.
Role of Aari Workers
%+ Aari workers create artistic designs using special stitching techniques to decorate fabrics

and garments by hand or with the help of a machine.

X/
°e

An Aari work is an occupation which involves the handling, operating, or fixing of
machines.

% An Aari worker may also perform other duties related to the sewing trade.
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Problems of Aari Work
% Time consuming: Hand embroidery is a laborious process that can take days, weeks, or
even months to complete a single project.
% Limited by design size: Hand embroidery is limited by the size of the design; it can be
hard to embroider large designs with hand.
%+ Skill level needed: Hand embroidery requires a certain level of skill to create the desired
effect.
Methodology
A suitable methodology is necessary for any scientific analysis. The objectives and
data interpretation of a problem cannot be done without research methodology. There are
various methods to conduct research study. This feels that questionnaire methods are more
suitable. In this method researcher prepare different questions, and collected information
from 50 sample respondents. Also, the researcher adopts sampling methods to conduct the
study.
Objectives
% To know the socio-economic condition of Aari workers.
%+ To examine the problems faced by Aari workers.
Data Analysis
This study deals with an analysis of “A Study on Socio-Economic Condition of Aari
Workers in Nagercoil Corporation of Kanniyakumari District”. It is based upon both primary
and secondary data. This is collected from Aari workers.
1. Age wise composition
Age is an important factor that influences the productive capacity of the workers. The
sample respondents are unevenly distributed among different age group. The following table
1shows the age wise composition of the sample respondents.

Table 1. Age wise composition of the sample respondents

Age (in years) No. of. Respondents Percentage
21-30 22 44
31-40 12 24
41-50 10 20

Above 50 6 12
Total 50 100

Source: Primary data
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Table 1shows that 44 per cent of the sample respondent belongs to the age group of
21-30 years and 12 per cent of the sample respondents belong to the age group of above 50
years. From this it is understood that maximum respondents are youngsters and they are the
bread winners of the family.
2. Work experience

Experience shows one’s efficiency in job. The sample respondents have many years
of experience. This will certainly reduce the risk in their job. Table 2 shows the work
experience of the sample respondents.

Table 2. Work experience of the sample respondents

Work experience No. of. Percentage
(in years) Respondents

Below 1 6 12
1-3 12 24
3-5 10 20
5-7 7 14
More than 7 15 30
Total 50 100

Source: Primary data

Table 2 shows that 30 per cent of the sample respondents are having more than 7
years of experience and 12 per cent of the sample respondents are having less than 1 year of
experience. It clearly reveals their active participation in Aari work.
3. Monthly income

An income is an amount of money or compensation paid to an employee by an
employer in return for work performed. It is an important determining factor of the status of a
family. Table 3 shows the monthly income of the sample respondents.

Table 3. Monthly income of the sample respondents

Monthly income No. of. Percentage
(in Rupees) Respondents
5000-10000 10 20
10000-15000 18 36
15000-20000 14 28
Above 20000 8 16
Total 50 100

Source: Primary data

252



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

Table 3 shows that 36 per cent of the sample respondents are earning Rs.10000-15000
as their monthly income and 16 per cent of the sample respondents are earning more than
Rs.20000 as their monthly income. It is understood that according to their work capacity they
are rewarded.

4. Health issues

Health issues refer to the health problems faced by the workers. It may be physical or
mental. Aari workers face many health problems due to their heavy work. Table 4 shows the
health issues faced by the sample respondents.

Table 4. Health issues faced by the sample respondents

Health issues faced No. of. Percentage
by the sample Respondents
respondents

Body pain 15 30
Head ache 9 18
Back pain 18 36
Other problems 8 16
Total 50 100

Source: Primary data
Table 4 shows that 36 per cent of the sample respondents are facing back pain and 16
per cent of the sample respondents are having other problems like vision related problems,
numbness in fingers and so on. It clearly shows that the respondents are facing so many
health issues due to heavy work they are undergoing daily.
Findings
1. Forty-four per cent of the sample respondents belong to the age group of 21-30 years.
2. Thirty per cent of the sample respondents are having more than 7 years of experience.
3. Thirty-six per cent of the sample respondents are earning Rs.10000-15000 as their salary.
4. Thirty-six per cent of the sample respondents are facing back pain as their health issue.
Suggestion
%+ Aari workers should be provided marketing linkages, both in the local and international
market.
% Raw materials should be easily available for the Aari workers, and the cost of raw
materials should be affordable.

%+ Government should provide schemes for Aari workers to improve their standard of living.
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Conclusion
Aari work is a crucial aspect of fashion design that offers numerous benefits, which
includes achieving the perfection, creating new designs, and enhancing the overall quality of
garments. Aari workers should also stay up to date with the latest trends and developments to
ensure that their designs are relevant and appealing to their target audience in order to reduce
the health issues and work pressure, the working hours of the Aari workers should be
reduced.
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ABSTRACT

It is widely agreed that one of the most important issues facing the globe today-
including India-is environmental conservation. These places pressure on the financial
services industry as well as all other economic sectors to undertake "green” projects that
provide eco-friendly services. Financial and banking organizations can be proactive by
reducing the amount of paper they use and introducing the concept of "green banking" to
their multi-branch places. This study examines how consumers regard green banking
practices. This study focuses on the awareness of green banking among the public, expanding
the environmental issues due to lack green banking initiatives, and the types of banking
activities started to safeguard the environment to reduce the carbon foot prints. It evaluates
the elements impacting consumer demand for and use of green banking products, as well as
the advantages of such practices for consumers.

Keywords: Green Banking, Customer awareness, Green Banking Initiatives, Carbon Foot
prints

Introduction

In an era where environmental sustainability has become a paramount concern,
industries across the globe are increasingly embracing eco-friendly practices to mitigate their
ecological footprint. Among these, the banking sector plays a pivotal role in fostering
sustainable development through the adoption of "Green Banking" initiatives. Green banking
encompasses a spectrum of environmentally responsible practices aimed at reducing the
ecological impact of banking operations, investments, and services. Many banks have begun
focused on offering green products [1]. This study explores into the field of customer
awareness and application of green banking practices, seeking to understand the extent to
which individuals are cognizant of environmentally friendly banking options and the factors
influencing their adoption [2]. As consumers become more environmentally conscious, there
is a growing expectation for financial institutions to align their operations with sustainable
principles.

The rationale behind this research lies in the potential of green banking to not only
benefit the environment but also to create value for customers and society at large [3]. By

incorporating sustainability into their financial activities, banks can facilitate the transition
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towards a greener economy while simultaneously enhancing their reputation and
competitiveness. Exploring customer awareness entails examining the level of knowledge
individuals possess regarding green banking initiatives, including products such as renewable
energy financing, green loans, and environmentally responsible investment portfolios.
Furthermore, understanding the factors that drive or hinder the adoption of these practices is
crucial for banks to tailor their strategies effectively [4].

This research aims to fill existing gaps in literature by providing insights into the
attitudes, perceptions, and behaviours of customers towards green banking. By doing so, it
seeks to offer recommendations for banks to enhance their sustainability initiatives, engage
customers more effectively, and contribute towards a more environmentally sustainable
future. This study aids in determining the green banking practices and applications are known
and understood by customers.

Green Banking Practices in Banks

In India, the concept of green banking has gained traction in recent years as part of the
country's broader sustainability efforts. Various green banking practices have been
implemented by banks and financial institutions to promote environmental sustainability and
support the transition towards a low-carbon economy. Some of the key green banking
practices in India include:

1. Financing Renewable Energy Projects: Banks provide loans and financial
assistance for the development and deployment of renewable energy projects such as solar,
wind, hydro, and biomass [5]. These projects contribute to reducing carbon emissions and
increasing the share of clean energy in India's energy mix.

2. Green Loans: Banks offer specialized loan products designed to finance eco-
friendly initiatives such as energy-efficient technologies, green buildings, sustainable
agriculture, and clean transportation. These loans often come with preferential terms and
lower interest rates to incentivize borrowers to adopt environmentally sustainable practices.

3. Carbon Credits Trading: Some banks facilitate carbon credits trading, allowing
companies to buy and sell carbon credits to offset their carbon emissions. This mechanism
encourages businesses to invest in emission reduction projects and supports India's
commitments to mitigate climate change.

4. Environmental Risk Assessment: Banks conduct environmental risk assessments to
evaluate the environmental impact of their lending and investment activities. By integrating
environmental considerations into their risk management frameworks, banks aim to avoid

financing projects with adverse environmental impacts and promote sustainable development.
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5. Green Bonds: Banks issue green bonds to raise funds for environmentally
sustainable projects and initiatives. Green bonds are earmarked for investments in renewable
energy, energy efficiency, sustainable infrastructure, and other environmentally beneficial
projects, attracting investors seeking to support sustainable development.

6. Sustainable Investment Funds: Banks offer sustainable investment funds and
portfolios that prioritize investments in companies with strong environmental, social, and
governance (ESG) performance. These funds allow investors to align their financial goals
with their environmental values while promoting responsible investing practices.

7. Environmental Education and Awareness: Banks conduct awareness campaigns,
workshops, and educational programs to educate customers and employees about
environmental sustainability issues and green banking practices. By fostering environmental
literacy and awareness, banks aim to encourage sustainable behavior and promote the
adoption of green banking products and services.

Overall, these green banking practices reflect India’'s commitment to promoting
environmental sustainability and addressing climate change challenges. By integrating
environmental considerations into their operations and financial products, banks play a
crucial role in driving the transition towards a greener and more sustainable economy.
Review of Literature

The term “green” has a wide use and has been in popular discourse due to global
outcry for environmental preservation and against climate change impacts. Globally there are
several similar if not overlapping definitions of green banking, which are mostly associated
with environmental, social, and governance (ESG), corporate social responsibility (CSR), and
sustainable banking. They all have some direct bearing on the kind and scope of activities
undertaken by banks, not limited to reporting or compliance requirement [6].The banking
sector is regarded as one of the key sources of funding for industrial projects that generates
maximum carbon dioxide emissions via steel, paper, cement, pesticides, fertilizer, electricity,
and textiles [7]. Creating awareness of green banking is more than just becoming
environment-friendly as it is associated with lots of benefits like reduction in the risk as well
as the cost of the bank, enhancement of banks reputations and contribution to the common
good of environmental besides enhancing the reputation of the bank. In a broad sense, green
banking serves the commercial objective of the bank as well as the corporate social
responsibility [8] 2015).Steps taken to create environmental awareness has created Green

brand image amongst our ecofriendly customers [9]. Environmental awareness can be
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included in green banking [10]. With the strong recommendation of many reviews the
researcher willing to analyse the awareness of green banking products and services [11].
Statement of the problem

Banking sector is also one of the industries indirectly cause inner and outer emission
of carbon footprints. These days, banks are adopting eco-friendly practices because to their
sophisticated technology. Banks provide their clients with more environmentally friendly
goods and services. Owing to a lack of environmental concern, clients continue to use
traditional banking methods, causing pollution in the environment when they travel to banks
on two, three, or four wheels. More banks, where employees physically labour, waste a great
deal of energy. To overcome these challenges, there is a significant need for concerted efforts
from financial institutions, regulatory bodies, and advocacy groups to enhance consumer
awareness on green banking. With the aim to reduce the inner and outer emission of carbon
footprints, the study was conducted. The purpose of this research paper is to explore the
awareness of green banking.
Objectives

The general objective of the study is to measure the degree of customer’s knowledge
of the implemented green banking products and services among sample respondents. The
following are specific objectives of the study.
1. To identify application of green banking practices.
2. To analyze the awareness of green banking products and services.
Methodology

The present study is empirical study and data collection is done on the basis of
primary data through a self-made questionnaire. The researcher collected the data from 312
sample respondents from Nagercoil Town for the study. For selecting the sample
respondents, simple random sampling technique has been adopted. Statistical Package of
Social Science (SPSS) was used for analysing the data. Primary data were collected with the
help of structured questionnaire. The data were collected from 312 samples from Nagercoil
town. In order to carry out statistical enquiries a questionnaire was prepared comprising age,
gender, educational qualification, income, application of green banking products and services
and awareness of green banking products and services. Secondary data were collected from
various books, journals, reports, thesis, websites and publications of the various government

organizations of India and abroad.
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Hypothesis

Ho: There is no significant mean difference between the age and awareness of green

Cross Res.: December 2023

banking product and services among the sample respondents.

Data Analysis and Discussion

After collecting the primary data, the interview schedules were classified and
arranged and the master table was prepared. Data were organized and tabulated for further
analysis. Percentage analysis was used to measure the age, gender, educational qualification,
monthly income of the family, and application of green banking. ANNOVA test is used to

study the awareness of green banking products and services.

Table 1. Demographic profile of the Respondents

Variables Particulars No. of Percentage
Frequency

Below 20 Years 76 24.4
21 to 40 years 84 26.9

Age 41 to 60 years 78 25.0
above 60 years 74 23.7

Total 312 100

Male 162 52

Female 150 48

Gender Total 312 100
Married 178 44.2
Unmarried 134 55.8

Marital status Total 312 100
Employee 104 34.6

Business man 6 2.0
Occupation Professionals 38 12.7
Others 152 50.7

Total 312 100

Below Rs.10000 138 46
Rs.10001 — 46 15.3

Rs.30000
Monthly Rs.30001 — 52 17.3
Income Rs.50000

Above Rs.50001 34 114

Total 312 100
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Educational Less than SSLC 28 9.0
Qualification .
Higher secondary 90 28.8
Degree holders 170 54.5
Professionals 14 4.5
Technical 10 3.2
education
Total 312 100

(Source: Primary Data)

Table 1 shows that 26.9 per cent (84) respondents belongto the age group of 21-40, 52
per cent (162) of the respondents are males. The marital status of the calculated table shows
that 56 percent are married and 44 percent of the respondents are single. The occupation of
the sample respondents is mostly in the category of salaried and business people with the
percent of 30. The majority of the sample respondents are under the income group of
Rs.10001- Rs.30000 with 37 percent. The educational qualifications of the sample
respondents are shows that majority of the respondents are degree holders with 55 percent.
Application of Green Banking

Green banking was initially introduced in the year 2009 in State of Florida. In India,
SBI (state bank of India) being the largest commercial bank took a lead towards setting
higher standards of sustainability and undertook foremost step towards “green banking”

initiative. In this study the researcher studied how long the respondents started to use green

banking services and initiatives.

Table 2
Application of Green Banking Practices
S. No | Period of Using Frequency Percent
1 less than one month 38 12
2 less than one years 108 35
3. less than one to two years 56 18
4 more than two years 76 24
5 more than five years 34 11
6. Total 312 100

(Source: Primary Data)
The application of green banking practices represents a fundamental shift in the

financial sector towards promoting environmental sustainability and addressing climate
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change challenges. By integrating environmental considerations into their operations,
products, and services, banks play a crucial role in facilitating the transition towards a low-
carbon and resource-efficient economy. From financing renewable energy projects and
promoting energy efficiency to supporting sustainable agriculture and green building
initiatives, green banking encompasses a diverse array of financial offerings aimed at
mitigating environmental impacts and promoting sustainable development. Through the
application of green banking practices, financial institutions not only contribute to reducing
greenhouse gas emissions and environmental degradation but also create opportunities for
sustainable growth, innovation, and social responsibility. In this study, the calculated data
shows that application of green banking practices less than one year ranks the first place with
the percent of 35. So, it was inferred that a strong initial interest and rapid uptake of green
banking initiatives, highlighting the potential for accelerated progress in promoting
environmental sustainability within the banking sector.
Awareness

The one-way analysis of variance is used to determine whether there are any
statistically differences between the means of two or more independent unrelated groups
although one tends to see when there is a minimum of three rather than two groups.

Ho: There is no significant mean difference between age and awareness about green
banking product and services among sample respondents.

Table 3. Age and Awareness

Factors Age group (in years) F value |P value
BELOW 20 21-40 41-60 60 ABOVE
Online 974 1.043 916 1.040 5197 .000**
banking (3.39) (3.71) (3.72) (3.97) '
Mobile .900 790 725 .683 1322 .002**
banking (4.00) (4.10) (4.00) (3.76) '
Debit card .788 .660 751 .880 1.466 000**
(3.97) (4.17) (4.26) (3.95) '
Credit card 1.127 1.078 .903 939 1,061 .001**
(2.97) (3.24) (3.36) (3.30) '
Electronic 1.266 1.172 1.328 1.366 .068
Clearance (3.47) (3.57) (3.36) (3.54) 240
System
Tele 1.018 1.061 1.128 1.134 AT7 070
banking (2.79) (2.60) (2.87) (2.78)
Customer 978 1.055 1.108 1.294 1.435 .023*
Integrated (2.55) (2.36) (2.67) (2.86)
System
National 733 731 1.010 .983 297 082
Electronic (3.95) (4.05) (3.92) (4.08) )
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Transfer
Real Time 1.010 932 .902 1.182
Gross (4.18) (4.24) (4.14) (4.20) .085 .000**
Settlement
Immediate 999 951 879 1.091 .094
Payment (3.47) (3.36) (3.38) (3.35) 137
Service
Withdrawal 811 814 821 .799
without (4.13) (4.14) (4.10) (4.03) 157 092
using debit ' '
card
Point of 622 .808 .894 751 o
Scale (4.21) (4.07) (4.21) (4.14) 288 1.000
Scan and 963 1.017 951 .838 221 000**
pay (4.21) (4.12) (4.13) (4.27) '
Cash 973 .883 1.012 764 1.387
depositing (3.84) (4.00) (3.77) (4.16) 001*
through '
machine
Green 1.146 1.265 1.255 1.022 2.536 005**
loans (3.34) (3.24) (3.28) (3.89) '
Online 1.155 1.110 1.046 1.199 853 .046*
insurance (3.74) (3.50) (3.90) (3.70)
Green 1.293 1.220 1.321 1.252
cards 2.71) (2.69) (2.87) (2.65) 228 | 087
Carbon 1.038 683 1.026 764 286 .083
insurance (4.05) (4.14) (4.00) (4.16) '
Green 1.004 1.018 1.009 1.002 .646 .058
deposits (3.58) (3.52) (3.33) (3.32)
Remote 623 969 .807 .866
deposit (1.87) (2.19) (1.92) 2.16) | 29 | 04
Green pin 125 A37 .864 .985
(3.53) (3.57) (3.21) (3.41) 1538 | .062

(Source: Primary data)

Note: ** Denotes significance at 1 percent level.

Discussion

Since the P value is less than 0.01; null hypothesis is rejected at 1 percent level of

significance with online banking, debit card, Real Time Gross Settlement, point of scale, scan

and pay. Hence there is a significant difference among age group of the respondents. The P

value is more than 0.05, null hypothesis is accepted at 5 percent level with regard to

awareness of credit card, customer integrated system, cash depositing through cash deposit

machine, green loans, online insurance.

There is no significance difference between the

awareness regarding the age group of the factor green cards, carbon insurance, remote

deposit, and remote deposit above at 5 percent level. The above study was agreed with Rupali
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Satsangi and Paned Kaur (2021), the results of their study indicated that the banks are using

green banking practices and many of the respondents are unaware of the green banking

practices, Catherine and Jeba Melvin (2020) also related to this study their findings reflected
as there is no significant difference in awareness of green banking products of green loans
among various age group of bank customers.

Findings

% The study reflected that 52 percent of the respondents are male and 48 percent of the
respondents are female.

% The marital status of the respondents is categorized as 87 percent of the sample
respondents are married and 69 percent of the respondents are single.

% The educational qualifications of the sample respondents are shows that majority of the
respondents are degree holders with 55 percent.

% The occupation of the sample respondents is mostly in the category of salaried and
business people with the percent of 30.

% Majority of the sample respondents are under the income group of 10001-30000 with 37
percent

%+ Application (using) of green banking practices less than one year ranks the first place
with the percent of 35.

% There is no significance difference between the awareness regarding the age group of the
factor green cards, carbon insurance, remote deposit, and remote deposit are at above 5
percent level. The study's findings showed that banks are implementing green banking
techniques, however many of the respondents were not aware of techniques.

Suggestions

% The bank should encourage women customers to use green practices.

% The researcher also suggested, new innovative practices are to be encouraged to practice
by the customers by providing certain rules and regulations by the RBI.

% Banks should create awareness among consumers about the innovative green banking
practices like Solar ATM, Carbon Insurance, and Green securitization.

% The consumers should reduce the application of traditional banking;instead, the
consumers will take a step to move towards green banking.

Conclusion

In the field of finance “Green banking" has been around, for long time but there seems
to be a lack of awareness regarding sustainable banking practices. It is important for the RBI
to educate and promote awareness about banking as it encompasses all friendly activities
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within the banking sector. It's worth noting that simply adopting advancements in banking

does not automatically qualify as banking. Green finance on the hand is a concept that brings

numerous benefits, to both customers and banks alike. Its objective is to ensure sustainability

and foster positive outcomes in every aspect of banking transactions. Since we are in the

beginners of green banking, it is the duty of RBI to introduce more regulatory reforms which

benefited to customers and safeguard our environment.
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ABSTRACT

Across cultures and throughout history, the silence of women has been a pervasive
and complex phenomenon. This silence manifests in various ways, from the lack of female
voices in positions of power to the societal expectation for women to remain demure and
submissive. Understanding the various facets of this silence is crucial to recognizing its
impact on women's lives and in working towards a more equitable future. The memoir The
Woman Warrior navigates the complex interplay between cultural identity, femininity and the
quest for self-expression. The narrative unfolds as a poignant exploration of silence, both
imposed and self-imposed, and the subsequent emergence of voices that defy societal
constraints. The narrative also blends myth and reality, showcasing the power of story-telling
as a means of reclaiming identity and agency. The paper delves into the protagonist’s
struggle to break free from the silencing forces of tradition, family expectations and social
norms. It examines how the woman warrior transcends the boundaries of silence, gradually
finding her own voice amidst the cultural expectations. Furthermore, the paper highlights the
intersectionality of the gender and ethnicity in the memoir, illustrating how the woman
warrior’s journey is intricately tied to her Chinese-American heritage.

Keywords: Silence, Voices, Cultural identity, Femininity, Self-expression, Talk-stories

Maxine Hong Kingston’s memoir, The Woman Warrior delves into the intricate
exploration of silence, voices and identity. She raises the complex question of identity in her
novels and thereby breaking the barriers of imposed cultural values on women. Her work is
the testament of Chinese-American women who have long been marginalised and silenced by
both Chinese culture and American society. The narrator speaks not only of the immigrant
experience but also of the silenced voices of women in the patriarchal society. This paper
entitled “From Silence to Resilience: Breaking the Boundaries of Suppression in The Woman
Warrior by Maxine Hong Kingston” unveils the profound journey of overcoming silence and
finding one’s voice, illustrating how the power of narration can become a crucial tool for
emancipation.

The silence that permeates The Woman Warrior is multifaceted. The silence imposed
by Chinese culture and tradition dictates that women should remain obedient and restraint.

Kingston’s mother represents this archetypal silence as she struggles to conform to these
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expectations. The silence represented in the novel, is also a reflection of immigrant
experience. Kingston’s parents, like many other Chinese immigrant’s grapple with the
challenges of assimilation in America. The inability to communicate effectively in English
leads to a form of silence, where their voices are stifled by the language barriers. This silence
is the barrier to the integration into American society and serves as a source of internalised
shame.

The broader significance of Kingston’s exploration of silence to voices lies in her
portrayal of the immigrant experience as a profound transformation. It is a journey marked by
the struggle to find one’s voice in a new unfamiliar culture while preserving the essence of
one’s heritage. The immigrants’ voices are loved in the sense that they are unapologetically
authentic, yet they remain unmodulated to the American context.

Kingston unveils voices from the past through a series of mythical talk-stories which
get passed down through generations. These stories serve as the bridge between Chinese
heritage and the American reality. Once such tale is the legend of Fa Mu Lan, the female
warrior who defies traditional gender roles and societal expectations. This story empowers
Kingston and her mother, Brave Orchid who envision themselves as more than just silence
conformists. Fa Mu Lan voice resonates through the generations inspiring them to break-free
from the constraints of silence and find their own voice. Kingston also explores the voices of
the ancestors through her mother’s tales. These stories provide a connection to their Chinese
roots and reveals the struggles and sacrifices of those who came before them. It is through
these narratives that Kingston begins to find her own voice and identity.

Kingston employs story-telling as a means of giving voice to her experiences and to
her family as a whole. She blends the reality and myth to create the narrative that transcends
the boundaries of silence. By weaving together personal anecdotes, family history and
Chinese folklore, Kingston constructs a complex and multifaceted narrative that challenges
conventional motions of identity. Through story-telling, Kingston transforms the silence into
a powerful voice that resonate the readers. Her narrative becomes a testament to the strength
of the immigrant experience in alien land.

In the opening chapters of the memoir, Kingston introduces the concept of silence as a
cultural construct which is imposed upon Chinese woman. She recounts her mother’s
admonitions to be silent but not dump, highlighting the expectations which are placed in
typical Chinese society. This silence serves as a means of survival and conformity within the
traditional Chinese patriarchal society. Throughout the memoir, Kingston grapples with the
haunting presence of the ancestral ghost and the ghost of silence that linger in her family’s
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history. These ghosts represent the weight of tradition and the unspoken expectations placed
upon her as a Chinese-American woman. Kingston’s struggle to confront and communicate
with these ghosts symbolizes her journey from silence to voices.

The Woman Warrior portrays Kingston’s struggle to reconcile her Chinese heritage
with her American upbringing. She navigates the dual identity of being a Chinese-American
often feeling like an outsider in both cultures. Through the process of story-telling, she begins
to understand the importance of embracing her roots and finding her own voice within the
cultural narrative.

Central to the theme of silence to voice is the notion of names, as exemplified in the
quote, “Chinese I know hide their names; sojourners take new names when their lives change
and guard their real names with silence” (Kingston 18). The quoted passage emphasizes the
practice of Chinese individuals concealing their true names, especially when adapting to new
circumstances. Names in traditional Chinese culture are not merely labels but embodiments
of one’s identity, heritage and destiny. This concealment of names symbolizes the
suppression of individual identity in favour of societal norms and expectations.

Kingston illustrates how Chinese immigrants often feel compelled to adopt
westernised names as a fem of cultural assimilation through her memoir. This process is
marked by silence as they hide their original names effectively by erasing the part of their
cultural heritage. The silence signifies the loss of their true selves in the quest to fit into
American society. As the narrative unfolds, Kingston begins to reclaim her identity. She
refuses to be confined by the silence the society imposes on her as a Chinese-American
woman. By asserting her name and embracing her heritage, Kingston empowers herself to
speak out and share her experiences and those of other marginalised voices.

Kingston’s narrative goes beyond the surface-level silence, it delves deep into the
inner turmoil experienced by Chinese immigrants, particularly woman who grapple with her
dual identities. Kingston’s own experiences as the Chinese-American woman provide a lens
through which she examines her journey from silence to self-discovery. The silence
surrounding one’s true name becomes the metaphor for the inner silence and confusion about
one’s cultural and personal identity.

Throughout the memoir, Kingston explores the practice of “Taking new names when
their lives change” (Kingston 18). This act of renaming oneself signifies a pivotal moment of
transformation and self-realisation. Throughout the memoir, the readers encounter characters,

who in moments of self-assertion reclaim their true names shedding the cloak of silence that
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once concealed their identities. This act represents the shift from passivity to agency, from
silence to voice.

The phrase “god their real names is silence” (Kingston 18), suggests the importance
of protecting one’s true self amidst the pressures to conform or assimilate. Kingston’s female
characters grapple with the weight of cultural expectations and gender roles. But they also
find strength in their individuality. In their real names, they affirm their right to define
themselves on their own cultural context. It is a powerful assertion of autonomy and self-
worth.

One of the central themes of the memoir is the idea that “Silence runs even deeper in
the work of minority woman” (Kingston 163). In her narrative, Kingston explores how
Chinese-American woman cart between the cultures of their heritage and the demands of
American society grapple with layer of silence. They are silenced not only by external
expectations but also by their own internalised fear and insecurities.

Kingston’s characters particularly her mother Brave Orchid and her aunt Moon
Orchid exemplify the base in which silence can manifest the lives of minority women. Brave
Orchid’s stoic determination and Moon Orchid’s inability to find her voice after decades of
being silence in marriage are poignant examples of the complex relationship between silence
and identity. These women are bound by tradition, struggling to reconcile their cultural
heritage with the desire for individuality.

One of the most poignant moments in the memoir is when Kingston recounts the story
of the “No Name Woman”. This unnamed aunt story is shrouded in secrecy and her silence is
enforced through shame and societal judgement. Yet, Kingston refuses to let her aunt’s story
remain untold. She gives her aunt a voice rescuing her from historical oblivion and affirming
the importance of acknowledging the silenced voices of the past.

The passage, “The immigrants I know have loud voices, unmodulated to American
tones even after years away from the village where they called their friendships out across the
fields” (Kingston 18), encapsulates the profound tension between silence and voice that
permeates the lives of immigrants. This tension is an emblematic of the struggle to reconcile
their heritage and upbringing with the demands of their new environment.

The Woman Warrior explores the silence imposed on individuals, particularly women
within a patriarchal and culturally traditional society. The silence can manifest in various
forms, from stifling personal emotions to suppressing individual voices due to societal

expectations and fear of retribution.
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Sniffling and snorting, I couldn’t stop crying and talking at the same time...It seemed
as if 1 had spent my life in that basement, doing the worst thing | had yet done to
another person. ‘I’m doing this for your own good, I said. Don’t you dare tell anyone
I’ve been bad to you. Talk. Please talk (Kingston 181).

In the aforementioned passage, Kingston grapples with the emotional turmoil of their
actions and also the desperate plea for the other people to talk despite their own distress. This
scene illuminates the theme of silencing one’s own emotions and experiences. In the provided
passage, the narrator is cart in a moment of inner conflict where they are emotionally
overwhelmed sniffling and crying yet struggling to communicate. This struggle represents the
internal silencing of their emotions and trauma. The act of crying and talking simultaneously
symbolizes the attempt to express oneself while being stifled by the wait of silence.

The narrator’s insistence on the other person talking despite the narrator’s own
distress underscores an importance of breaking the silence. The plea “Don’t you dare tell
anyone [’ve been bare to you. Talk. Please talk” (Kingston 181), reveals a complex
relationship with the societal expectations that perpetuate silence. There is a desire for the
immigrants to speak up, to break a silence and yet it is clouded by fear and the consequences
of challenging established norms. This struggle to communicate and break the silence is
reflective of the broader struggle which women face in a patriarchal society, where voices are
often suppressed or dismissed. The act of imploring the other person to talk can be seen as a
metaphor for the author’s desire to empower individuals to speak up and share their
experiences, ultimately challenging the oppressive silence that confines them.

Martin Ray in her work entitled “Language and Silence in the Novels of Joseph
Conrad” says that “Silence must indeed appear an attractive if paradoxical alternative for the
writer haunted by the inadequacy of language, and the promise of cathartic release which
silence holds has influenced many writers' attitudes to language in the past two centuries”
(19). Martin Ray addresses that silence has influenced the role of writers in the past two
centuries. Kingston too acknowledges the importance of silence and has recorded the
influential role of silence in her literary expressions.

Kingston explores how silence can be a powerful source shaping individual and
collective identities, particularly in the context of cultural expectations and family dynamics.
The line, “you must not tell anyone,”my mother said, ‘what I am about to tell you. In China
your father had a sister who killed herself. She jumped into the family well. We say that your
father has all brothers because it is as if she had never been born” (Kingston 3) represents a

directive from Kingston’s mother urging her daughter to maintain secrecy about certain
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family stories and cultural truths. This directive reflects the wait of cultural expectations and
the pressures to conform the social norms. The silence enforced by the mother is a
mechanism to preserve family honour, protect the family from the potential justice or scrutiny
from the outsiders and other to Chinese traditions.

Mekada Graham in her paper entitled “Changing Paradigms and Conditions of
Childhood: Implications for the Social Professions and Social Work™ addresses that “Taking
a social constructivist approach, sociologists have accorded children with conceptual
autonomy and the primary unit of study as social persons in their own right, which
emphasises children's own voices as most reflective of their selves, their lived experiences
and their social realities” (1535). Mekada highlights the voices of children as the most
authentic expression of their identity, encompassing their lived experiences and social
contexts. Likewise, Kingston throughout the memaoir, grapples with the silence contemplating
its impact on her identity and the broader implications for her place in both Chinese and
American cultures. The enforced silence stifles her voice, hindering her ability to fully
understand her heritage and express her personal experience and emotions right from her
childhood. The social context, lived experiences of Kingston enumerates the authentic
realities of their self.

Kingston also begins to question the challenge in these silences. As she navigates her
own cultural identity as a Chinese-American, she seeks to break-free from the constraints of
silence and find her voice. Writing The Woman Warrior becomes an act of defiance and
empowerment, where she reveals the untold stories by bringing them to light despite the
taboos associated with sharing them. By breaking the silence and by narrating all her
experiences, Kingston engages in the process of liberation and healing. She sheds the burden
of silence and paves the way new narrative, one that is honest, authentic and unapologetic.
Through this act of reclaiming her voice she not only transcends the constrains of silence but
also gives a voice to other silenced stories within the culture.

The concept of silences in their transformation into voices holds significant literally
and cultural implications. The specific passage, “my silence was thickest-total-during three
years that I covered my school paintings with black paint...layers of black cover houses and
flowers and suns” (Kingston 149), provides rich insight into this theme. Here, the silence
symbolizes not merely an absence of speech but a suppression of identity and expression.
Kingston’s act of covering her school paintings with the layers of black paint encapsulates the
silencing of her voice, heritage and artistic inclination. The black paint becomes a metaphoric
shroud, concealing vibrant aspects of the culture and individuality. The choice of black paint
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caries symbolic wait. Black is often associated with darkness and void and represents the
stifling of voice, creativity and cultural heritage. Kingston conveys her sense of suffocation
and erasure of her cultural roots, personal experiences and artistic expressions.

The three-year duration emphasizes the endurances of the silence and the prolonged
struggle she faced in confronting her silenced identity. It showcases the depth of the
internalised societal expectations, cultural norms or personal fears that lead to such an
extended period of stifling one’s voice. However, Kingston’s act of narrating this silence
faced in her life within The Woman Warrior itself represents a transformative journey. By
putting her experiences in her works, she is metaphorically feeling off the layers of black
paint and letting her silenced voice resurface. The act of story-telling becomes a means of
reclaiming her voice and culture, breaking the silence and offering a counter-narrative to
societal expectations.

The theme of transitioning from silences to find one’s voice is a pivotal aspect of the
narrator’s journey. “I enjoyed the silence reminiscences the narrator, but later finds out that
she had to talk and that school became a misery” (Kingston 166). The quote, “I enjoyed the
silence” (Kingston 166) encapsulates the initial contentment the narrator finds in withholding
her voice, perhaps as a hoping mechanism or a reflection of a cultural norms she grew up
with. Silence in this context represent the narrator’s attempt to conform the societal
expectations and preserve a fagcade of composure or obedience. The quietude offers a retreat
from potential scrutiny or judgement, providing a temporary sense of security. It is a refuge
from the challenges and complexity that arise when one speaks out, particularly in a cultural
milieu that imposes rigid expectations on women and behaviour.

The silence projected in the memoir, eventually reveals its impact on the narrator’s
growth and wellbeing. The realisation that she must use her voice and express herself creates
a profound shift in her perception. The quote “that school became a misery” (Kingston 166),
highlights the discord between the initial enjoyment of silence and the subsequent agony that
arises by stifling one’s voice. The transition from embracing silence to finding her voice
signifies the journey of self-discovery. It is a path marked by grappling with cultural and
personal expectations ultimately leading to the understanding that true strength lies in
embracing and utilizing one’s own voice. This transformation reflects a broader theme of
cultural and personal identity that Kingston explores throughout the memoir, illustrating the
importance of breaking free from stifling traditions and finding one’s unique voice in order to

achieve authenticity and fulfilment.
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The notion of silence and its transformation holds profound significance, particularly
concerning the line, “silence had to do with being a Chinese girl” (Kingston 166). This line
encapsulates the struggle and eventual liberation of the protagonist, reflecting broader themes
of cultural identity, gender roles and the immigrant experience. The silence alluded in this
line refers to the cultural silencing imposed on Chinese girls and women within the societal
context on that time. This silence eliminates from the traditional Chinese values and
patriarchal structure that stifled female voices and relegated them to subservience. Chinese
culture with its emphasis on humidity and restrain, expect women to maintain silence and
conform to societal expectations.

In The Woman Warrior, Kingston grapples with breaking free from the suffocating
silence. The transformation from silence to voice signifies a process of embracing her identity
as a Chinese-American woman, overcoming societal expectations and finding her own
narrative. As Kingston navigates her dual identity, she uncovers power in her voice and the
stories she tells. By breaking the silence, she not only liberates herself but also reshapes her
cultural narrative. Kingston uses her voice to shed light on her untold stories of Chinese-
American women, challenging stereotype and advocating for a re-evaluation of cultural
norms that sort to keep them silent. Kingston through her deeply personal accounts,
demonstrates that finding one’s voice amid societal silence is a collective triumph, ultimately
paving the way for a more inclusive and just society.
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ABSTRACT

The paper entitled “Breaking Bond: A Portrayal of Familial Relationship in
Jeannette Walls’s The Glass Castle” is an attempt to highlight the struggles that the author
has faced in her life for being poor. She is forced to stay on the beach, railway station, streets
and also in deserts due to poverty. As financial crisis struck her family, she and her family
members are imposed to move to different parts of the country for a better living. This paper
also focuses on the challenges faced by the author, her brother and her sister during their
migration. The Walls children had to be the parents of the house most of the time because
Rose Mary and Rex are never at home which raised them to be independent and do
everything on their own. Some choices they have to make as adults are mostly about what
they are going to get for food, how to spend their money, and when they live on their own in
New York City.

Keywords: Life, Poverty, Hunger, Food, Shelter, Family

Poverty is something that should be eradicated from the society. Even today there are
many people who suffer a lot because of poverty. Poverty arises when there is a lack of
money to afford the basic needs of a person. In order to eradicate poverty, one should work
hard and earn money. Bertold Brecht says that “poverty makes you sad as well as wise”, this
means that people may suffer due to poverty but still it makes people wise. On being wise
one can overcome the problem of poverty. The other cause of poverty is unemployment.

In this novel The Glass Castle, poverty arises with unemployment. As the
father of Jeannette Walls, Rex Walls is unable to find job, he cannot handle the family
properly because he lacks money. Education plays a major role in the novel. Education is
something that makes people empowered. Poverty acts as a great enemy to human society.
This makes the conditions of the house worst. Rex Walls is too supportive of her daughter,
Walls. One of the important reasons for Jeannette’s success after being brought up extremely
poor is due to the perseverance her father gave her.

Walls along with her siblings helped their father in many ways. Whenever Rex Walls
decided to go to other cities in search of a job. Walls and her siblings move to the cities with

their father. Rex Walls spent most of his time out of his home, as they did not have enough
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money, they worked hard to overcome their obstacles. They even suffered for food. Rex
Walls was more interested in adventures. He often says his adventurous stories to his kids and
they will be eagerly waiting for such stories.

Rex Walls always returns home with a bag full of food for his kids. As he is incapable
of getting a good job, he leaves Jeannette and her siblings to face hunger at many times.
Jeannette along with her brother Brian go in search of berries and other food in the woods.
They search for food in the cafeteria trash at the school. They try to find their food even in
trash cans. When their father return home after his work, he brings food. But Jeannette knows
it must be saved for upcoming days, so she says “I guess we can eat less” (67). Even though
they struggle for food, their mother is a self-centred woman who cares only about her well-
being. She even hides food from her children. They have a coal stove but still, they don’t
have enough money to buy coal for burning. And so, they cannot cook anything, which
makes them stay in hunger. Today all over the world, hunger has been a constant problem for
ages. It can be solved easily. Years before hunger arose only at the times of war. But today
hunger arises with unemployment. As there is no job opportunity today, people suffer from
unemployment and this acts as a stepping stone to poverty. Poverty can be eradicated with
limited consumption of food and by avoiding spending money lavishly.

Walls’s maternal grandmother is Smith, she is the one who was liked by all.
Whenever Walls’s family is in trouble, she will help them to overcome such a situation.
Walls’s mother Rose Mary Walls hates her because she will be strict at times and will be
controlling her when she comes up with some mistakes. Walls’s mother often says that she
hates Grandmother Smith. But Walls loves her because of her kindness and she is the one
who loves to take care of Jeannette and her siblings. Jeannette likes her because she will
correct her mistakes if she makes any. But Rose Mary Walls ignores the death of
Grandmother Smith. When they come to know about her death, Jeannette questions her
mother for not informing. Grandmother follows some strict rules to be followed like how to
dress, how to cook and how to clean the house etc. At times she may even punish her for
disobedience Rose. Rose Mary Walls does not set any kind of rules like Grandmother Smith
for her children. Jeannette Walls enjoys having rules. Smith is a strong-willed lady with strict
rules for leading a happy and disciplined life.

In the novel The Glass Castle, Rose Mary says “God doesn’t mind you bending the
rules a little if you have a good reason” (111), the attitude towards morality differs from
person to person, and also about the moral values. The moral values followed by society were
neglected by the family at times. This may differ according to the wishes of people. Morality
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is something that is expected to be the same for all, but then it differs. Oscar Wilde says that
“Morality is the attitude which we adopt towards something or someone, whom we
personally dislike”.

The relationship between Rex Walls and Rose Mary Walls is different. Even though
they fight among themselves, the bond between them is strong. Rose Mary doesn’t give up
Rex Walls in any situation. In the novel The Glass Castle represents hope of a family. They
dream for a better future. As her father promises them to build a glass castle, it became a
dream alone and does not take place in their real life. Though they cannot build real a glass
castle at least they dreamed of doing so. This shows the family's hope of being in a good
position. The glass castle here comes in order to symbolise the broken promise of Rex Walls.
In the novel, we can see that Walls’s parents are violent. They neglect to raise their children
in a good manner. They do not support their children, and they let them to face the problems.
Rex and Rose Mary Walls love each other, but their quarrels make their children. This
happens after the consumption of alcohol by her father. They don’t follow certain rules and
discipline. They lack moral thinking at times. Parents don’t share friendly relationship with
their children. Most often they quarrel for money. Walls’s mother had an art studio and she
spends much time there. Rose Mary works as an artist there. As Rex Walls is a man of
adventures, he pushes Rose Mary down from the window, unexpectedly she is saved by her
children. People around their house mock for their dramatic behaviour.

Walls respects everyone and helps each other in their worst situations. Her father
states that the fire accident she meets is a sign of bravery. Jeannette handles the situation with
goodwill and bravery. She overcomes the struggle and the fire bravely and confidently. She
adopts herself for every obstacle logically. She enjoys the days which she spends in the
hospital. Even though she is in pain, she enjoys the days. She makes friends with the nurses
who take care of her. Jeannette’s mother does not allow her to do what she likes. Through
this, the children learn how to live without fear. They are loyal to one another. The children
manage to survive in the hot desert too. Walls and her siblings star to enjoy what they have
and they support each other in the hardest times. The family manages the hopeless situations
with complete desire and they lead a happy life.
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ABSTRACT

The paper entitled Cancer Journey and Tenacity of Yuvraj Singh in the novel “The
Test of My Life” focuses on the journey of his career in which he ha sbattled against cancer
and its impact on his life. It also highlights about his ability to bounce back from his series of
ups and downs. Yuvraj Singh’s cancer journey underscores not just physical resilience but
the tenacity to confront life- altering challenges to maintain a positive outlook and to emerge
from adversity. His life acts as an inspiration to many people by illustrating the power of
determination of a human spirit in the face of formidable obstacles. This study further looks
into the post traumatic growth of his journey.

Keywords: CancerJourney, Tenacity, Resilience, MediastinalSeminoma, Post Traumatic
Growth

Tenacity refers to a quality or state of being persistent, determined and holding firmly
toone’s purpose and goals. The autobiography of Yuvraj Singh’s The Test of My Life
completely targets on his career, cancer battle and his comeback to cricket. The life of Yuvraj
Singh serves as a paradigm of how an individual can find meaning, strength and a new
perspective through the crucible of challenging life experience. Yuvraj Singh’s life takes
sudden drift when he was recognized with a rare lung cancer called mediastinal seminoma in
2011. “Mediastinal seminoma is a malignant germ cell tumor inthe mediastinum. The tumor
usually occurs in the anterior-superior mediastinum in males aged20-40 years old” (Bishop,
Kyriakopoulos). The mediastinum is split into three chambers anterior, middle and posterior.
It typically arises in the anterior and middle chambers. When it comes to diagnosis of
mediastinal seminoma it involves CTscans or MRIs and biopsy to examine the tissue for the
presence of germ cells. The primary treatment formediastinal seminoma typically has an
amalgamation of surgery, chemotherapy and radiation therapy.

Chemotherapy is considered to be a key component in directing germ cell tumor and
theregimen may vary according to the phase and characteristics of the tumor. Yuvraj
Singh’scancer battle was not only physical but also emotional. He became debilitated from

the grueling treatment and his future as a cricketer was at stake. “I would think if it was
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cancerous, my God, I wouldn’t play cricket any more. Forme, happiness was always playing
cricket” (The Hindu).

The distressing journey of experiencing a life-threatening sickness led him to

reevaluate his priorities and focus on the holistic aspects of life beyond cricket. A profound
change in Yuvi’soutlook on life, success and well-being was prompted by his cancer journey.
The recovery period divulges his inner strength and resilience during the challenging period
of his cancer treatment.
The capability of enduring the physical and emotional toll of his illness and treatment
projects the elements of personal growth and tenacity. Yuvraj traveled to the United States
for chemotherapy at the Boston Medical Center. During Chemotherapy he experienced side
effects like weight loss, fatigue, nausea, hair loss and weakened immune system. After
months of rigorous treatment and recovery, Yuvraj Singh emerged victorious over cancer.

Throughout his recovery period he had a huge support system like his family, friends
andwell-wisher to cope up with. Their encouragement played a vital role in helping him to
stay positive and stay focused throughout his healing process. After the chemotherapy
sessions he was in recovery period. His successful recovery paved the way for his eventual
return to professional cricket marking are markable come back after cancer. His come back to
cricket was atestament to his strength and determination. He returned to the field, show
casing not only his cricketing prowess but also served as a symbol of triumph over adversity.

The post recovery period of Yuvraj Singh cancer journey actively engaged in the
cancer awareness and advocacy through the You We Can Foundation. It is a non-profitable
foundation and its major goal is to raise awareness on cancer, educate the public and to
provide the cancer patients with support through a range of campaigns and programs. This
dedication to a broader cause illustrates stick a how a personal suffering can positively
convert into a goal to assist others which portrays concept of post traumatic growth. His life
journey to other cancer patients acts as an inspiration to overcome the struggles.
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ABSTRACT

The present paper is an attempt to highlight the predicaments of a mythical character
who is a woman and whose sufferings are more are less similar to the miseries encounter by
women in the real physical world. The main aim of this research work is encouraging women
at all level to realise their confidence and should be brave enough to voice out their
grievances and finding solution for the same. The protagonist in the selected novel namely
Circe, after undergoing many sorrows not merely speaks out but fights for her rights and
finally prove herself an individual worth to be adorned. Madeline Miller is an American
novelist and the author of The Song of Achilles (2011) and Circe (2018). Circe is Miller’s
second novel which was published on April 10, 2018. The book is a modern reimagining
voiced from the perspective of Circe, an enchantress in Greek mythology who is featured in
Homer s Odyssey.

Keywords: Grievances, Predicaments, Miseries, Myth, Rights, Voice out.

Myths have given us infinite number of tales that shape and mould human beings
from time immemorial. They are filled with fantasy and magic where we find celestial beings
who reign over the universe with their infinite power. As mentioned in the book titled
Exploration of Mythological Elements in Contemporary Narratives:

Mythology is the work of yesterday’s unknown authors. These stories,
circulating on the infinite limits of the human imagination, are still a source of
inspiration for today’s writers, despite all the incredible things they contain. These
narratives, which envelop the truth in exaggeration and imagination, have been an
effective source in bringing the realities of the past to the present. (2)

This paper focuses on one such celestial being who though born as a Titan has to
undergo a lot of turmoil both emotional and physical in her odyssey of survival. Femininity is
looked upon as a weakness not only in the human realm but also in the celestial abode. The
central figure of Circe is a female goddess born to Helios and Perse who in her father’s
palace lives a lonely life deprived of parental love and care.

Circe was the eldest of four children born from the union of Helios and Perse. Right at
her birth she was found to be unattractive and was easily handed over to one of her aunts to

be taken care of by her mother. When her younger siblings were born, she was even more
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ridiculed by her mother and her siblings. “The two of them were clever and quickly saw how
things stood. They loved to sneer at me behind their ermine paws. Her eyes are yellow as
piss. Her voice is as screechy as an owl. She is called Hawk, but she should be called Goat
for her ugliness” (6). She as a young entity longed for attention and love which she seldom
received. But she always preferred to stay at her father’s feet. “I preferred my father’s quiet
halls and spent every second I could at my father’s feet” (6).

Circe was never noticed as an individual. She was lost in the shadows of her brothers
and sister. This created in her a yearning to get herself some attention. She was present in the
great hall and witnessed Prometheus getting punished for his love towards humanity. Soon
after the whipping she went to her uncle Prometheus and offered him nectar to drink. This
very act of rebellion was only the beginning for the actions that were yet to come forth from
her. The young mind was not able to comprehend matters easily and she could find no one to
guide her. She took a dagger and cut her palm. The pain and blood brought into her a sense of
new realisation. “I sat watching it, as I watched I found a new thought in myself. I am
embarrassed to tell it, so rudimentary it seems, like an infant’s discovery that her hand is her
own. But that is what | was then, an infant. The thought was this: that all my life had been
murk and depths, but I was not a part of that dark water. [ was a creature within it” (19).

Circe found a companionship in her youngest brother Aeetes. He found a deserted
seaside and they spend a lot of time together there. Throughout her life, Circe remembered
those days that she had spent with her loving brother in the beach. After her exile she met
Aeetes only once when Aeetes was pursuing his daughter Maeda. Her brother’s presence was
known to her even before she could see his physical being. Such was her love for her sibling.
“A pleasure rose in me so old and sharp it felt like pain. My brother” (152).

In spite of her love she was let down by her dear brother whenever she looked up at
him for his aid and approval. When the all the four off springs of Helios and Perse were
found to be practicing witch craft none got punished except Circe. She was doomed to spend
her eternity in the island of Aiaia by Zeus. She expected her brother to stand by her but he
deceived her. “A thousand eyes pinned me. I wanted to cry out, to plead, but my breath
would not catch. My voice, ever thin, was gone. Aeetes will speak for me, | thought. But
when I cast my gaze to him, he only looked back with all the rest” (63).

Circe’s love for mortals was not something that sprouted overnight. Helios her father
himself had foretold that she might marry a handsome prince — a mortal. “‘A prince, I think.’
‘A prince?” my mother said. “You do not mean a mortal?’” (3). She was fascinated by the

term mortals. All through the novel we find that unlike most of the Gods and Goddesses
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Circe was more concerned about the humans. When the Olympians and Titans were after the
prayers and offerings given by humans, Circe was very critical of this attitude. She even
expressed her displeasure when people knelt in front of her asking for favours.

In her voyage to crete she had to encounter Scylla the monster of her own creation.
She managed to save the crew members from Scylla. The gratitude of the ship men infuriated
her. “’Lady,” Dedalus said. ‘We will make sacrifice to you every day of our lives for this. . .
Such worship was the payment my kind demanded for services rendered” (102). She
reprimanded them and from her words we come to know of her feeling of guilt and also, she
pitied the lives that were lost because of Scylla. “The Bile rose in my throat. ‘You fool,” 1
said, ‘I am the one who made that creature. I did it for pride and vain delusion. And you
thank me? Twelve of your men are dead for it, and how many thousands more to come? That
drug I gave her is the strongest [ have. Do you understand, mortals?’” (102).

Circe had deep feelings for the humans that interfered with her normal existence. Her
affection for Glaucos made her use the Pharmaka on him as well as on Scylla. The
transformation of Scylla disturbed Circe and towards the end of the novel we find her going
in search of Scylla and transformed her into stone by using the venom of Trygon. “At the
base of the cliff, where Scylla had been, was a hulking shoal” (321). Unlike most of the Gods
and Goddesses Circle was seen mending the mistakes that she had committed. She never
walked away from her commitments. As a mother she fiercely protected her son from
Goddess Athena’s wrath. She was so daring that when Telegonus was about to sail to Ithaca
she ventured into the deep sea to meet Trygon for his venom tail. When challenged by
Trygon she readily accepted and with stood the test which even Aeetes failed to accept.

Circe evolved into a more complex individual who accepted her flaws and tried to
redeem herself from them. She as a young individual rebelled against her father and her
rebellion took her to Aiaia. Aiaia saw her transformation into a real witch who was self-
sustaining and she even tried to help sailors who knocked at her door. When the men
threatened her she wreaked havoc on them. She transformed them into pigs and punished
them for their cruelty.

After becoming a strong individual Circe creates her own realm with her willingness
to express her own desires and thoughts. In an article titled “I Will Not Be Silenced”: Voice
and Autonomy in Madeline Miller’s Circe, the author pronounces

Circe’s voice is her strongest tool to proclaim her growing autonomy; she
learns to vocalize what she wants, declaring herself free of family ties and narrating
her own mythology. . . . She learns her own autonomy by using her voice to declare
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her desires rather than embracing the protection offered by silence. Her voice also
functions to cast spells and work transformations that allow Circe to break free of the
gods’ oppression. (Morgan Thomas 2)
Divinity did not safeguard Circe from the cruelty of other gods around her.
She was taken for granted in most of the circumstances by her immediate family as well as
her kins. Circe was treated with respect only when she hardened herself and became cold
hearted. Circe was not destined to be a witch but her banishment had brought about the
change in her. She transformed into a much better individual and excelled in her magical arts.
Works cited
1. Miller, Madeline. Circe. Bloomsbury: Bloomsbury Publishing PLC; 2018.
2. Murat Kalelioglu, V. Dogan Giinay.Eds. Exploration of Mythological Elements in
Contemporary Narratives.UK: Cambridge Scholars Publishing; 2021.
3. Thomas, Morgan. ‘I Will Not Be Silenced’: Voice and Autonomy in Madeline Miller’s
Circe. The Macksey Journal. 2021; 2: 2 - 9.

282



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

Sufferings and success story of Rahima:
A Ciritical Study of Nadia Hashimi’s The Pearl That Broke its Shell

V. J. Maxlin and J. Bhavani*
Department of English, Holy Cross College (Autonomous), Nagercoil - 629004
Affiliated to Manonmaniam Sundaranar University, Tirunelveli - 627012
*Corresponding Author - Email: bhavanikingson@gmail.com

ABSTRACT

This paper is entitled “Sufferings and success story of Rahima: A Critical Study of
Nadia Hashimi’s The Pearl That Broke its Shell” deals with the identity and culture in the
novel The Pearl that Broke Its Shell. Culture takes a main part in a patriarchal society to
subdue women. The culture of Afghan society is to perceive women only as sexual objects and
an object to prop up sons. In this novel, The Pearl that Broke Its Shell, Nadia Hashimi
projects two women in Afghanistan living a century apart but tied by legacy. This paper
pictures, how the culture and rules of the society affect the identity of women in Afghan
society. Their mindset has been altered by society when they are asked to change according
to their cultural needs and they prompt to accept it, this affects their identity. In this world,
people have their own culture and way of style, however, the voice of Afghani women
becomes unheard when raised in a family or society. One of the most awful cultures of
Afghani is ‘Bacha posh’ affects the girl children in the society mentally, it is considered to be
a Vanity of human wishes.

Keywords: Culture, A bacha posh, Afghan society, Identity

Culture refers to the customs, practices, language, values, and world views that define
social groups such as those based on ethnicity, religion, or common interest. Cultural identity
is important for people’s sense of self identity and how they relate to others. The
identification of women in society changes by the name of cultural needs. The novel The
Pearl that Broke its Shell mainly focuses on a culture that affects women’s identity, it
intertwines the life of Shekiba during 1900 and Rahima who lived in the year 2007, two
women in Afghanistan society separated by a century, it portrays the expedition of Afghan
women in male dominating society and their struggle for their survival. This paper illustrates,
how society and culture misused women for their own needs and portrays the powerlessness
of women in the particular society, and the costume that made women fall prey to the practice
of ‘bacha posh’.

Culture subordinate women and treat them mercilessly and plunder their rights. In the
patriarchal society, the perspectives and opinions of men are regarded highly and
implemented even if it seems socially dumb whereas women are deprived of their basic rights
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like the right to voice out, express their desires and show their opinion in familiar matters
owing to suppression in male chauvinistic society.

On looking upon this particular text of Nadia Hashimi, The Pearl that Broke its Shell,
the practice of ‘bacha posh’ never hides the identity of women rather than gives little
privilege to wander out in the streets. This is mentioned in the novel that the families without
a boy child follow such practice in order to send their younger ones to run the household
chores. In one hand it seems a kind of freedom is given to girl children but on the other hand
psychologically it fill them with unhappiness or discontent.

‘Bacha posh’ again degrades the woman’s identity, it is evident from this practice
that how the identity of a girl or a woman is considered a curse. While reading the course of
the story, one could easily find that the changed identity of Rahima never gives her comfort
or power. She is never considered equivalent to a boy. “He doesn’t trust me to watch over his
women and he has collected a group of women who are kept as men” (Hashimi 114). People
could identify her still as a girl who runs chores for a family. The point to be noted that, even
though she is allowed to go out of the house, Rahima is not allowed to go out with her own
identity, she was not allowed to sway in the street. She must dress up as a boy who carries the
blessing that is a guy to do everything. This insistence on holding a guy’s identity never fails
in showing how is a man respected in an Afghani society.

Rahima, though dresses herself as a boy is restricted to do what actually boys do and
the freedom they possess. Her mother knows well that she has to be married to a man to save
the dignity of the family. She is even aware that her husband Arif is useless and spends all the
money on drinking, never ever questions him or speak a single word against him, because she
abides by the law of the patriarchal society and expects the same from her daughters too.

Arif never considers his less care towards the family as a vice. Without considering
their daughters age and wish, he married of their daughters to Abdul Khalig and his brothers
simply because to pay his debt. He even gets irritated seeing his house filled with daughters
and utters, “If I had a son, this would not be happening Goddamn it! Why do we have a house
full of girls, not one, not two, but five of them” (Hashimi 5). Moreover, he feels so happy that
he can get his three daughters married at a time and can get an amusing amount of wedding
pay from Abdul Khalig and his brothers. He never cares to ask for the willingness of his kids.
He neither seeks their likeness nor foresees their future.

The most pitiful thing is that the three daughters fall into the trap and have no option
rather than complaining about their fate to be born as girls and it is noted that they are not old

enough to be called women to marry men. Being young and born as women the sisters have
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courage to raise voice against their father and all that they could do is console one another
and lament among themselves.

Rahima’s mother Raisa, though cares for the wellbeing of all her five daughters
cannot stop the marriages of her three daughters with almost the age of their father because
she lives in the society which respect the men and give little importance to women. Finally
she considers herself as a failure in creating a good circumstances for her daughters.

Khala Shaima is the jewel of the novel, she can be considered as the voice of the
novelist, Nadia Hashimi. This novel is set in the early 20" and 21% centuries. Though there is
a difference of a century, most of the incidents coincide. The plot portrays how society has
not improved its standard of thought even after a century. The novelist showcases how there
are still places that are not developed in notions when the whole world is considered
technologically and scientifically improved. More than the improvement in science and
technology, the world believes that human beings are civilized considerably. This novel holds
the idea that some parts in the world still carry all the backward thoughts and rituals which
are considered to be the proud identity of the particular social community. The people of the
community have no questions against the rituals until they are affected directly.

The inclusion of the character Khala Shaima, deliberately explains the practices as
vices. Khala Shaima delivers ideas of an actual civilized world that cannot be brutal against a
particular community under the name of gender. She strongly believes that education can
bring out a difference in the lives of girls, she is a knowledgeable lady who often cuts off the
gender-biased words of Arif. Khala Shaima motivates Rahima saying that difference cannot
be achieved quickly, there will be humiliation, agony, and hardships on the way to eradicate
the old principles from the society.

The author depicts the protagonist’s struggle in the book and shows how to get out of
difficult situations. The book’s title is appropriate since it tells the story of a girl who
struggles to define herself in the face of adversity while trying to get out of her shell. Rahima
is treated like a pearl throughout the story, which is symbolized by the phrase “The Pearl
That Broke It Shell.” She struggled greatly from an early age and didn’t want to live a
wretched life like other Afghan women. She was on a mission to experience her
independence as an Afghan male. She consequently made the decision to emerge from her
protective shell in an effort to move into her ideal life and get away from her current issues.
Later on in the book, she also comes to the realization that she cannot be taken for granted

because she is as priceless as a pearl.
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As mentioned in the article by Jibin Monish V & Dr M. Kannadhasan titled, “The

Struggle of Women against Oppression — A Study of Nadia Hashimi’s The Pearl That Broke
Its Shell:

The bravery of Rahima inspires others to resist persecution. She finds a safer
haven by fleeing to a shelter. She is free to live her own life without being oppressed.
She is saved from male dominance since she can do it independently of her husband.
In the end, she will be able to free herself from men’s dominance. When she is at the
shelter, she discovers that anyone can save her life from oppression by getting an
education. She understands that education can be a weapon in her fight against the
patriarchal society that oppresses her. (1214)

The plights deserved by the women characters in the novel are to a great extent but

the novel ends with a positive note of Rahima. Thus, the novelist shows off a new ray of hope

to the women in the world.
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ABSTRACT

The paper ‘“Significance of Women and War in Kate Quinn’s The Alice Network”
deals with the role played by the network of women spies during World War I and Il known
as ‘Alice Network’. Women are often compared to flowers to stress the point of femininity. In
The Alice Network, Kate Quinn compares women to flowers of evil which is also a work of a
French poet, Charles Baudelaire who is an idol for the antagonist of the novel, René
Bordelon. This paper showcases the struggles of warrior women, the horrors of war, the
identity crisis caused by war and many more. War is the major theme of the novel and this
paper is to throw light on the struggles of the four central female characters, Evelyn
Gardiner, Louise de Bettignies, Leonie van Houtte and Charlotte St. Claire.

Keywords: Spy, Alice Network, Les Fleurs du mal, Women and War

The Alice Network is based on the real-life World War I spy ring called the ‘Alice
Network” which operated in German-occupied France and Belgium. There are three historical
figures used as characters in The Alice Network. They are, Louise de Bettignies, the leader of
the ring whose code name is Alice Dubois, also called Lili in the book. Leonie van Houtte,
Lieutenant of Louise de Bettignes, code name Charlotte Lameron and Cecil Aylmer
Cameron, a British 3 Intelligence officer who is called as Captain Cameron and Uncle
Edward who recruited both the women in real life and in the novel. By the theory of
Deconstruction, Quinn breaks the societal norm of women being suppressed and she gives a
break through by making all of her female characters empowered and shows the readers how
strong, brave, fast and smart a woman can be. The novel uses a dual narrative approach,
alternating between events that occurred beginning in 1915 and 1947.

Les Fleurs du Mal is a controversial work written by the French poet, Charles
Baudelaire. Most of his works portray images of love and the erotic, which for him involves
evil. His work primarily focuses on women. His female characters were usually erotic and
had sadistic imagery. Baudelaire believed that beauty could evolve on its own, irrespective of
its nature and even fueled by sin. He had a clear opposition between two worlds: 'spleen’ and
‘ideal’. Spleen signifies everything that is ‘wrong’ in the world, like death, murder, solitude,

etc. The ideal represents superiority over the harsh reality of spleen. The ideal is merely an
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escape from reality through wine, opium, travel, passion, etc. He often uses erotic imagery to
transmit the impassioned feeling of the ideal. The speaker of his works is endlessly
confronted with the fear of death, the failure of his will, and the suffocation of his spirit.
Here, in The Alice Network, all these descriptions can be completely related to René
Bordelon, the antagonist of this work, who is also a devoted fan of the works of Charles
Baudelaire.

Women are Baudelaire’s main source of symbolism. They often serve as a bridge
between ideal and spleen. The speaker’s lover is both his muse, providing ephemeral
perfection, and a curse. The same way René considers Eve his muse and a lover, eventually
finding his end in her. Women embody both what Baudelaire called ‘the elevation towards
God’ and what he referred to as ‘the gradual descent towards Satan’. René is someone who is
not perfect but pretends to be perfect. He is someone who wants everyone to be afraid of him
and to respect him. He wants himself to be a ‘know it all’ person, and he doesn’t like people
keeping secrets from him. He is a character who has all the qualities of the speaker in
Baudelaire’s works, and he is also a person who loves the works of Baudelaire and praises
him every chance he gets. Eve was named ‘fleur du mal (flower of evil) by René because he
loved Les Fleurs du Mal, a work of Baudelaire. “There were lilies in a slender fluted vase on
the mantel, long-stemmed and graceful. Evil-eyed lilies, fleurs du mal, kept forever in glass.”
(366)

Women are often described as sensitive, closer to nature, emotional, and dependent.
“We are not flowers to be plucked and shielded. We are flowers who flourish in evil.” (228)
Likewise, flowers are often symbolized as something feminine. But what many people fail to
understand is that flowers adapt themselves to all the climatic situations just like women do
with situations. Throughout history, women participate in all forms of activities and one
among them is war. In The Alice Network, women play a great role in both the World Wars
as a spy, captain, soldier, etc. In the then patriarchal society, women are not given any
importance and they are often not taken as a threat. In The Alice Network the central
characters, Eve, Lili, and Violette act as spies in the German occupied France and gets
information that are used against the Germans. Charlie St. Claire another central character
who goes on a search for her lost cousin and fights her own war with the German profiteer
who is behind most of the assassination that happen in France by the Germans.

“He started giving flower names to the rest of his ‘nieces’ like Violette—you'll meet
her soon; she’ll hate you, but she hates everybody—and now you: Marguerite, the little daisy.

We’re his garden, and he fusses over us like an old maid with a watering can.” (79, 80) Here,
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Quinn is clever to compare each character to a flower and gives them the name of a flower,
which can also be interpreted in a way where the story completely focuses on Baudelaire’s
Les Fleurs du Mal. The code name of Louise de Bettignes is Alice Dubois which she later
changes to Lili. Lilies are often described as flowers symbolizing love, purity, and positivity.
In Lili’s case, she is someone who is positive in all situations, someone who is pure, brave,
and courageous, and someone who is capable of love. She was also a lily of the valley, one
that is poisonous and can cause death. Even with all these qualities, she is also someone who
is dark and someone who wouldn’t think twice before striking, if someone meant harm to any
of her fellow mates. When Eve, Violette and Lili were put in the Siegburg prison in
Germany, Lili serves as a ray of light and hope and always has a positive attitude, just as
lilies represent purity, positivity, innocence, rebirth, and hope.

Violette Lameron is the code name of Leonie Van Houtte. Violette is someone who
hides her love with a cold mask, just like the violets. Violets are flowers that symbolize
modesty, faith, everlasting love, innocence, and remembrance. All these qualities can be seen
in Violette too. She is modest, her loyalty and love for Lili are unshakable, and she is one of
the characters who live with the memoirs of Lili.

A person who spy needs to keep her emotions and face composed. One must be well
composed, witty, brave and cleaver to get away from dangers. Evelyn Gardiner is just like
Evelyn Rose, which symbiozes a freedom-loving, free-spirited individual. She goes to spy in
a German occupied France and works alongside the ‘Queen of Spies’, Lili and her lieutenant,
ViloletteLameron. As events unfold, Eve works for a German profiteer, René Bordelon and
gets information from him by bedding him. She passes the information to the head of the
ring, Lili and stay as a useful informant for her country. When feelings get involved and
things turn around, Violette is imprisoned, Lili gets captured and Eve gets caught in a mess
with René Bordelon and eventually leads Eve to believe her as a betrayer. Lili dies in the
prison, Violette calls her ‘Judas’ and Eve becomes an alcoholic.

Thirty years later, a young American Charlie St. Claire sets on a journey to find her
lost cousin after World War Il and seeks the help of Eve. As the story proceeds, Charlie gets
to know about her cousin’s death along with her daughter and learns the reason behind her
death is René Bordelon. She seeks revenge for Eve, who was also wronged by him in the
past. Charlie comes as a ray of light and hope in Eve’s life, healing her traumatic experience
of being a spy during the war.

Charlie is a character who is psychologically affected after living through the war and

her brother’s suicide. “The first person I met in England was a hallucination.” (3) Her
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cousins’ absence also take a toll on her. “Opium isn’t a truth drug, Eve! It makes you
hallucinate, but that doesn’t mean it made you talk!” (477) Hallucinations of Eve happened
only because of the opium in her. Though it was the opium doing its work, Eve has had
trouble sleeping, wakes up screaming, and shoots everything with her Luger. Even with these
psychological imperfections, women played a great role in each situation and made
themselves flowers of evil.

The novel is based on the real-life incidents of two spies named Louise de Bettignies,
code name Alice Dubois, the queen of spies, and Leonie van Houtte, code name Charlotte
Lameron (Changed into VioletteLameron). They were the great historical figures during the
World War and are little known today. All the spy works in this novel are true happenings in
the lives of these women spies. Evelyn Gardiner is a fictional character meant for the plot of
this book. Louise de Bettignies was a charming and notable spy during the war who took
risks every day, as mentioned in this book. Most of the incidents included in the plot are true
incidents, and Louise de Bettigines’s luck did run out when she exchanged a pass with a
naive lady named Marguerite, and Louise incensed the German officials by eating the coded
message and then asking for a brandy. “Lili. So, Eve had Lili, and | had Rose. All these
flowers. There are two kinds of flowers when it comes to women, Eve said. The kind that sit
safe in a beautiful vase, or the kind that survive in any conditions...even in evil. Lili was the
latter. Which are you?” (336)

Women still play a great role during wars. They are much more welcomed in today’s
world whereas in the olden days, it was not very much appreciated. Though women spying,
being a soldier and captain is normalized, the struggles remain the same even today and they
increase day by day. The women shown in The Alice Network play a very great role in the
success of war and women in general fight their own battles not only in the battlefield but
also in their day-to-day life.

Kate Quinn’s The Alice Network focus on the role of women as the silent warriors
during war. It also discusses the aftermath of war, its impact on one’s life and society, the
cultural changes after war and how people cope up with the after effects of war. When a
literary work or a movie is produced based on war, the author or the writer focus on the
importance of world peace and emphasize on ending future wars. Its horrors and effects are
shown and they also showcase the life of the soldiers who fight for their independence; their
sufferings, challenges, and achievements. In The Alice Network, Kate Quinn focus on
bringing back two historical figures who worked as spies in the German occupied France

during World War 1. Her main focus is to turn people’s attention back to history and give the
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readers a view on the ‘Queen of Spies’, a real-life female spy, Louise de Bettignes along with
her network of spies who contributed a lot by passing valuable information during World
War 1.

During World War, women played a vital role in the war effort, both at home and in a
variety of roles that directly supported the military. During this time, their responsibilities
changed and broadened, challenging the notions of gender and laying the foundation for
future advancements in gender equality. Women took into roles normally filled by men who
were serving in the military during the war. Women produced necessary military items
including ammunition, weapons, clothing, and supplies, by toiling at factories, munitions
plants, and other industrial settings. On the front line, women worked as nurses, ambulance
drivers, and medical assistance. While some followed these notions, there are notable women
warriors throughout history who directly or indirectly contributed during World war. Some
participated in war as soldiers whereas some worked as spies.

Women have been fighters throughout history. Yet, how they are viewed and accepted
in combat roles vary throughout cultures and eras. From the old age, Joan of Arc, also known
as the Maid of Orleans, was a medieval French military leader. She played a crucial role in
the French victories at Orleans and Patay. From the middle age, Hannah Snell, a British
woman who disguised herself as a man, served as a soldier and marine in Royal Marines
during the 18th century. Even at present, during the war between Ukraine and Russia, more
than 60,000 Ukrainian women volunteered to serve in the Ukrainian military defending
Russia’s aggression. In The Alice Network, the central characters like Lili, Eve and Violette
served the English and spied the German occupied France. They too acted as women warriors
who are hidden in the history.

The hardships of war heroines are frequently explored and emphasized by authors
because it draws attention to the harsh realities and sacrifices those women, as well as other
people, go through during times of battle. By illustrating the agony and difficulties that war
heroines face, authors and viewers can better understand the psychological and emotional toll
that war has on its victims. Showcasing their suffering brings to light the difficulties
experienced by women in conflict, highlighting gender inequalities, discrimination, and the
overall effects of war on civilians. It arouses the empathy and compassion in readers and
encourage them to consider the human cost of battle and take action to bring peace. Many
authors also emphasize the successes, resiliency, strength, and accomplishments of military

heroines. These tales frequently highlight their courage, determination, leadership, and
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contributions to overcoming hardship. The challenges and victories of individuals can be

highlighted in literature and all forms of media too.
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ABSTRACT

The research paper titled “Exploring the Narrative Techniques in Paulo Coelho’s The
Devil and Miss Prym” analyses the narrative techniques employed by Paulo Coelho to bring
out human nature. Narrative techniques highlight the author’s expertise in storytelling with
ample focus on the explication of the themes and motifs. The narration gives an enriching
experience taking the readers towards exploring the strategies and techniques and, the
understanding of the narrative. He uses setting of the story, timeline, flashbacks and
foreshadowing, third-person narrative techniques, repetition, character development,
building the story on conflicts, giving importance to both protagonist and antagonist,
audience surrogate, author surrogate, allegory, thematic patterning, and above all linear
narration to make the rendition interesting.

Keywords: Narrative Technique, Narrative Structure, Styles

Narrative technique is the way in which a writer conveys what he wants to say to the
readers. It is a method used to develop a story. This technique falls into six categories:
character, point of view, plot, style, setting, and theme. All these play an important role in
developing the story. This helps the audience receive the writers’ message in a deliberate
way. Narrative structure is the blueprint of the novel and narrative techniques are its building
blocks. There are four types of narrative structure. The most common type is ‘linear’
otherwise known as ‘Freytag’s Pyramid’.

Freytag’s Pyramid is created by Gustav Freytag (1816-1895), a novelist and
playwright. His literary fame was made universal by the publication of his novel, Soll und
Haben (Debit and Credit) in 1855. It was translated into all European languages and it was
translated into English by Georgiana Harcourt in 1857. Freytag developed this narrative
Pyramid in the 19" century. Many fictional writers had used it for centuries as a description
of a structure. In this type of narrativethe story moves from beginning to end in chronological
order. Freytag’s Pyramid follows a pattern of five acts. They arel) beginning or character
introduction, 2) problem or conflict, 3) plot climax, 4) resolution, and 5) end or character

conclusion.
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Paulo Coelho is often considered a modern writer, and his works are generally
classified as contemporary literature. His themes often reflect the concerns and issues of the
contemporary world. When readinghis novel, one immediately notices his simple style of
writing. He imparts insightful lessons through theconversations of his characters and through
his straightforward prose. He addresses life’s complex questions with a clear and
deeplytouching approach. He writes directly from his heart considering every perspective of
human ideology in his writing. His philosophical points are straightforward without
complicating the topics. His storytelling style is evident in every novel, allowing readers to
follow the uncomplicated plots while absorbing the philosophy.

Coelho’s writings convey messages through direct, concise sentences, honest
dialogues, and minimalist descriptions. He often repeats sentence structures to emphasize the
actions of his characters. The use of the past tense in his narratives gives the impression that
he is a master storyteller. His novels arenot rich in descriptive or flowery language. The
themes and subject matter take precedence over detailed settings or appearances of his
characters. However, attention to detail in key moments adds depth to the central plot.

Coelho’s writing style is challenging to define. It is poetic, philosophical, deliberate
and conversational. His straightforwardness, at times, enhances the intensity of his messages
without being harsh. He uniquely combines frankness with profound philosophical
storytelling. Many consider Coelho’s lyrical writing style to be a universal language. His
simplicity and poetic flow allow readers to easily connect with the development of his
characters and the unfolding of events in his story. He stands out not only for his subject
matter but also for his direct and uncomplicated delivery.

Coelho effectively employs the setting as a narrative technique in The Devil and Miss
Prym to create a rich and symbolic backdrop for the story. The setting is both the time and the
geographical location within the narrative or within a work of fiction. Coelho’s setting is a
small fictional town called Viscos. This isolated town is located in a remote mountainous
region. The setting is described in the novel as a tranquil and picturesque place, surrounded
by mountains, forests and natural beauty.

Paulo Coelho also uses flashback technique. Flashbacks and flash-forwards are
narrative techniques that transport readers from the chronological present of a story to events
that occurred in the past or future, which have a direct impact on the characters in the current
timeline of the narrative. These shifts in time offer readers valuable insights into the

backgrounds of characters, their motivations, and how the past or future events influence their
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actions and decisions in the present-day narrative. This technique adds depth and complexity
to the storytelling, enriching the reader’s understanding of the characters and the overall plot.

‘Once, many years ago, a hermit - who later came to be known as St Savin -
lived in one of the caves hereabouts. At the time, Viscos was little more than a
frontier post, populated by bandits fleeing from justice, by smugglers and prostitutes,
by confidence tricksters in search of accomplices, even by murderers resting between
murders. The wickedest of them all, an Arab called Ahab, controlled the whole village
and the surrounding area, imposing extortionate taxes on the local farmers who still
insisted on maintaining a dignified way of life. (24)

The flashbacks help to reveal the personal backgrounds, struggles, and key events that
have shaped the people of the town and their responses to the moral challenge presented in
the story. This narrative technique adds depth to the characters and enriches the investigation
of human nature, morality and the eternal struggle between good and evil.

Coelho also uses foreshadowing which is a narrative technique that drops fine hints
about upcoming events within a story. This allows audiences to anticipate and guess the
upcoming events, adding an element of pressure and emotional engagement to the narrative.
It becomes a literary tool that keeps audience turning pages to see if their predictions come to
fruition. It's often used to create a sense of pressure or mystery, especially in suspenseful or
mysterious stories. Authors do this to make the story more interesting and to keep readers
engaged.

Berta, however, had a reason for being there. And that morning her waiting
came to an end when she saw the stranger climbing the steep hill up to the village,
heading for its one hotel. He did not look as she had so often imagined he would: his
clothes were shabby, he wore his hair unfashionably long, he was unshaven.

And he was accompanied by the Devil. (1)

Coelho also uses third person narration as it has a neutral narrator, which is not
personal to the thoughts or feelings of the characters. It allows the author to limit the
perspective of the audience and to control the information that they get to know. It is used to
build interest and to heighten the suspense. It allows the writer to act as an omniscient
narrator. The information about every character and situation is given to the audience,
allowingthem to get a further chance to develop empathy. In this way the audience is allowed
to learn more about the world outside of the confines of a first-person perspective.

Concerned about the future, or, rather, about the fact that Miss Prym’s story
might spread and drive away hunters and tourists alike, he decided to call an
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emergency meeting. The group were gathering in the sacristy of the small church, just

as Chantal was heading for the forest, the stranger was off on one of his mysterious

walks and Berta was chatting with her husband about whether or not to try and save

the village. (104)

These lines demonstrate the third-person narrative perspective, where the narrator
describes the thoughts, feeling and actions of the characters from an external point of view.
This perspective is commonly used throughout the novel to provide insights into the
characters and in the unfolding events in the story.

Coelho uses allegory in which truths or universal lessons about human behaviour or
experiences are presented through symbolic fictional characters and events. In other words, it
is a way to tell a deeper, meaningful story by representing real-life concepts or ideas through
imaginative and figurative elements. The stranger, who arrives in the town symbolically
representing the Devil, serves as an allegorical character. The interactions and dialogues
between the stranger and the people of the town are rich in allegorical content, as they explore
the themes of morality, human nature, and the eternal struggle between good and evil in a
symbolic and metaphorical manner.

‘That’s normal, it always happens at this time of year,” she thought. It was
simply a coincidence and had nothing to do with the stranger’s arrival.
Then, in the distance, she heard a clap of thunder, followed by another three.

On the one hand, this simply meant that rain was on the way; on the other, if the old

superstitions of the village were to be believed, the sound could be interpreted as the

voice of an angry God, protesting that mankind had grown indifferent to His presence.
©)

These lines illustrate the allegorical nature of the stranger’s character and the
symbolic role he plays in the novel, representing broader themes and questions about
morality, human nature, and the eternal struggle between good and evil.

Coelho uses thematic patterning which involves spreading recurring themes and moral
motifs across different elements and parts of a story. In a well-crafted narrative, this
patterning can highlight the central message or significant idea that ties together various
events and elements in the story, emphasizing their commonality or shared meaning.

‘Who am 1?7 Well, let’s say I’'m a man who, for some time now, has been
searching for a particular truth. I finally discovered the theory, but I’ve never put it
into practice.’

“What sort of truth?’
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‘About the nature of human beings. I discovered that confronted by
temptation, we will always fall. Given the right circumstances, every human being on

this earth would be willing to commit evil.” (14)

The exploration of moral dilemmas, human nature, the struggle between good and
evil, and the consequences of individual choices are explicated by employing different
techniques.

Coelho brings out complicated philosophical points and moral dilemmathrough
simple narrative techniques. His thoughtprovoking dialogues and character interactions delve
into complex questions about human nature, morality, and the eternal struggle between good
and evil. Readers have praised his talent for crafting characters that are relatable and multi-
dimensional. The character of Chantal is relatable because they have significant problems like
moral dilemmas and true nature of humankind. He has used setting of the story, timeline,
flashbacks and foreshadowing, third-person narrative techniques, repetition, character
development, building the story on conflicts, giving importance to both protagonist and
antagonist, audience surrogate, author surrogate, allegory, imagery, satire, paradox, thematic
patterning, and so on which in turn makes the plot of the story very interesting with its linear
narration.
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ABSTRACT

Hope amidst crisis is a crucial need for the Gen Zs who are called the digital natives.
Various factors like culture, society, race and gender influence this young group of people to
transcend from postmodernism to metamodernism. In the metamodern world, the emotions of
people oscillate between positive and negative feelings. It is presumably the Gen Zs’
euphemistic way of maintaining a positive attitude in a life of crisis. They use dark humour
and meta irony in order to escape from their real life. In light of Jeremy Robert Johnson'’s
The Loop, this research paper explores the narrative style in order to bring out the relevance
of bizzarro fiction with the Metamodern lifestyle of the Gen Zs. This paper also tries to prove
that bizarro, a sub-genre of science fiction, can mirror reality effectively. In addition to this,
it also delves deep into the beliefs of the Gen Zs and their perspective of life which oscillates
between their nostalgic past and a dreadful present with a hope for a better future.

Keywords: Bizarro, Dark humour, Gen Zs, Meta irony, Metamodernism.

The emerging cultural trends and the invasion of artificial intelligence have made
drastic changes in people’s perception of life. Metamodernism comes in as a rescue and as a
distraction for the young folks of this era. The term is coined by Mas’udZavarzadeh. It is
intended to fill the gap between the very extreme bipolarities in human emotions and beliefs.
That is, it oscillates between humour and sincerity, irony and honesty, optimism and
pessimism and fluctuates between such contrasting facets of life.

Metamodernism makes people independent of sustaining in the illusory
postmodernism and the objective modernism. It is mostly associated with the age of the
Internet. In the predominant usage of the internet, people showecase their talents using
creativity. They unite via the internet to share positivity. In the article titled “An Introduction
to Metamodernism: The Cultural Philosophy of the Digital Age” Anne-Laure Le Cunff, a
neuroscience investigator says, “While most of the Internet population is passive,
metamodernism is not to be confused with pseudo-modernism . . . Instead, metamodernism is
about genuine connection, empathy and community”. The evolving concept of

Metamodernism prompts self-analysis and evaluation.
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Metamodernism is almost practiced everyday by the Gen Zs, as they have an intimate
connection with the internet. Their recent addiction in absurd jokes and weird animations
may seem humorous to the extreme but has a deep meaning. Dark comedy or black humour is
a comic element used in literature in order to counterpoise gloominess with fun. The term
“black humour” (Sinha 3685) was coined by the Surrealist, Andre Breton in 1935. This is
usually employed by writers to convey messages which are not usually accepted by the public
in general.

The Gen Zs express their contempt for social anxiety through the medium of internet.
VarshaKusnur in the article titled, “An Analysis of Gen -Z Humour: One Big Inside Joke”
avers:

However, this absurdity could cross the line and quickly morph into dark
humour or nihilism. . . Gen Z has not lost hope in creating social change yet. Dark
humour is a sign that we acknowledge and are aware of social issues and believe that
the current tragic state is not the end state, allowing us to be light hearted about it.
Humour is and has always been our means of coping with the stress and anxieties of
the world, helping us feel understood and be a part of a larger community to share our
laughter with. Whether it becolourful minion memes or a chaotic composition of
random videos, it has always been our independent tool of expression.

Johnson became more famous with his publication of The Loop in 2021. The work is
a thriller fiction centered in Turner Falls, a small town in Oregon. The two protagonists Lucy
and Bucket are portrayed as people distanced from their peers who have a different definition
for their culture. Among them, Lucy is predominantly portrayed as the main female
protagonist from whose lens the reader can actually realize what happens in the plot. She
does not want to embrace her culture as she has a traumatic past experience in Peru. She finds
likeness with Bucket as both are termed as “exotic” (Johnson 11) in their school because of
their colour. Both of them are oppressed as they cannot be found as equals to their elite and
white classmates and even the towns people.

Lucy gets a new friend named Brewer. Along with Bucket, Brewer takes Lucy to the
drink party managed by the popular high society kids from the place called Brower Butte.
The bon fire party is held in East Bear Caves where an unexpected homicide attack happens
where these high school folks start to experience a violent rage and kill one another. It is only
later the real reason for the outbreak could be found.

Meanwhile, the town also becomes victim to the power politics played by the
IMTECH, a bio-tech company, which makes people as victims to some infection which
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makes people murder one another. The oracle’s infectious device combines with human
biology. It dwells and replicates under the skull of the affected ones. The device has tentacles
like animals called hectocotylus which helps it to cling to human tissues and can replicate
like cells.

There is a broadcast given continuously in televisions which releases signals and
whoever views it or even hears it can get an imbalance in mind which will deprive them of
energy unless they keep on killing others. The broadcast informs:

message from the emergency broadcast system... potential leak in the storage
of underground toxic waste at the now-defunct Handsome valley Nuclear Power

Plant. A low-level earthquake, barely detect...may have caused a fracture in the

twenty-foot-thick concrete surround...Travelers... turned back for a thirty-mile radius

around the Turner Falls area.... Effects include confusion, hallucination, paranoia

and... (112)

In between, the book gives hints of the epidemic through a podcast called
“Nightwatchman” (Johnson 3). The dark comedy is outlined by the author as he shows the
classmates and other peers of Lucy who enjoy the Bohemian way of drinking and having
merry despite the truth that children of their own age are being killed. The young children in
their high school age, depicted in this fiction, are victims to drugs and never feel guilty for
promoting obscenity in their words and deeds.

The protagonist Lucy can be found as a representative of this target group — the Gen-
Z. She suspends the fear of the outbreak as she thinks that taking that fear to mind can make
her even more depressed. She does not want to discuss about the missing of her classmate
Jason Ward with Bucket and even Bucket does the same believing that this act of delaying
can save his mind from being excessively hurt. Lucy, who is still a growing child has to act
like she is happy to her parents in order to avoid their agony for her.

Altogether it is the escapism which Lucy maintains in order to check the impact of the
bizarre world around her. Lucy, as a protagonist, differs from others for her presence of mind
and confidence. She uses self -affirmation to move on in spite of all the wreckage and terror.
Sebastian Dravyam Pillai in, Post- Modernism: An Introduction to Post-War Literature in
English declares

The typical Post-Modern hero is hopelessly sick and is unsure if he has a self
of his own to speak about... Consequently a good number of Post-Modern
protagonists give a strong impression of being mere role players. They are more often

than not formless performers and cardboard cut-outs with no Forsterian soundness
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about them. Each has patterned his or herself on this or that celluloid hero or comic

book zombie or cowboy. (68)

The Loop, in some way, can be perceived as an alarm for what might happen if human
beings actually lose humanity. The author emphasizes this through his words saying that,
“All of them acting like everything was great in the midst of everything wrong” (Johnson 81).
This will in turn lead to an unacceptable dystopian struggle. The narrative style portrays
excessive obscenity and unpleasant conversations which are not expected from youngsters
belonging to high school. The current scenario shows the responsibility enforced upon the
younger generation irrespective of their younger age. The depression and the hectic lifestyle
they live is too much for their age.

Lucy asks questions which makes her an unreliable and unpredictable user of such
irony. It is impossible to differentiate whether she feels bad for the situation she exists in, or
she just comments for fun. She says, “What happened that day? What did I see?” (35). Meta-
irony does not agree with portraying itself as ironical and at the same time does not reveal
any truth about the feeling of the one who represents it. This irony makes the readers oscillate
between being cynical and being sincere.

Lucy’s alarm sounded from the dresser across the room, waking her for
another day of playing pretend. ‘Yes, I'm fine today.” ‘No, I didn’t have any
nightmares.” ‘Yes, I care whether or not there are fresh blueberries at breakfast. The
simple pleasures are important! . . .Because that would mean that something is broken
inside of me, right? And I’m doing great!’. . . ‘No, I haven’t had any suicidal or self-
destructive thoughts. Trust me, ’'m going to be okay.” We are all going to be okay.
(22)

The speaker in the Nightwatchman podcast discusses the totalitarian mindset of the
government effortlessly in his own style. He discusses an unagreeable news of insecurity
about a new app which is actually a security breach system. He says, “Thanks to the
undeletable MoonLitetrashware app installed on most every device regardless of
manufacturer” (3). The podcast which turns up at 03:47 a.m. has a large group of audience
who really like to watch it for updating themselves “in the ever-stormier sea of lies” (3). The
podcast is probably added at the beginning to loosen up the tensed mindset of the readers. It
is also an element of foreshadowing which alerts them of the incidents which can happen
later. The speaker in Nightwatchmanpodcast, feels it is very casual to reveal such a statement

ironically. He further hints but not reveals about the totalitarian government saying, “maybe
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you think, they’d never track me. They’d never listen to me. And to that I say...Yeah, right”
4).

The murder-suicide happening at the beginning of the novel is expressed as, “Next up
we’ve got grimmer fare: a murder suicide” (4). He ironically comments on the involvement
of corporates in plundering the resources of the people of Turner Falls. When he further says,
“It sounds nice, doesn’t it, folks?” it does not actually sound nice but is rather a hidden
critique of the power politics. This is a complete ‘ironesty’(Dember) depicted in the novel.

Ironestyis a term coined by GredDember, which is a combination of irony and
honesty. The podcast, to a certain extent, alleviates the chaotic situation and gives an
ironically hopeful situation. It states, “Good Morning, Turner Falls! Murder squads, military
blockades, and mind-pulverizing audio transmissions got you feeling like you woke up on the
wrong side of bed? Head downtown to try one of our newest offerings: suicide by cop! But
maybe we don’t have to die...” (167). Irony is further used to scathe the power politics used
by people in supremacy to threaten people with their military and various alarming policies.
The novel uses irony to show that the Turner Falls Police Department does not do proper
investigation of the homicide cases. This situation is accurately captured in Jay Leno’s
monologue joke where he said, “So if you need to murder somebody, maybe head on over to
Turner Falls, Oregon” (167).

The cultural theorists, TimotheusVermeulen and Robin van den Akker, in “Notes on
Metamodernism” opine:

One should be careful, however, not to confuse this oscillating tension (a both-
neither) with some kind of postmodern in-between (a neither-nor). Indeed, both meta
modernism and the postmodern turn to pluralism, irony, and deconstruction in order
to counter a modernist fanaticism. However, in meta modernism this pluralism and
irony are utilized to counter the modern aspiration, while in postmodernism they are
employed to cancel it out. That is to say, metamodern irony is intrinsically bound to
desire, whereas postmodern irony is inherently tied to apathy. (9-10)

The Gen Zs displace trauma ironically with sarcasm. Since they grow up with social
media, they useit as a tool to express their ironic mindset. Their preference for newness
motivates them to be seen as the variants that they should not be brushed aside as normal or
ordinary. They do not try to break or deconstruct hierarchy as postmodernists do but
reconstruct things to build a better society to live in. Oliver Sotirios Bourne in

“Understanding Gen -Z: Post-ironic Humour” asserts:
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The Post/ Meta-ironic is evolution, it is a coded reality for younger
generations to camouflage in a time where they are more visible than ever. Gen Z are
born with social media; a categorical documentation of their entire lives. Older
generations had the privilege of finding themselves and establishing an identity before
proclaiming it to the world whereas Gen Z did not. This complex webbing of irony
allows them to morph and change whilst under observation, allowing them to push the
boundaries of thought in a time where the scrutiny of public opinion weighs heavy in
a cancel culture.

Meta modernism assures to create a positive environment among societies. It is a kind
of ripple effect which keeps on spreading positivity and which inturn moves in larger circles.
The Gen-Z are constrained to take up the responsibility of handling their situations without
anyone’s help.

The pain faced by them in reality is expressed as “Bucket thought for a moment. ‘It
can’t, right? My mom always says, “The only constant in life is change” When I was little
that made me feel scared. But now...things have got to change, right? Because if it feels like
this forever...” (36). Lucy reiterates “it again in the best Brewer voice she could. ‘Here we
go. Party time, y’all.” The sound of it broke her heart a little time around, but then Brewer
said, ‘Holy shit, Lucy,” and they both laughed, and it was good to have something that was
theirs, if only for a moment™ (295).

The narration then moves from the least possible hope to a hopeless situation where
Lucy’s thoughts say, “Time to realize this plan is madness, the last sad ravings of a man who
wanted to believe he could redeem his unredeemable acts... Time to give up this hero bullshit
and grab whatever time we have left just be Brewer and Lucy before it’s all over” (296). D.C.
Muecke in the work Irony and the Ironic, says, “This kind of irony where the false image a
character has formed of himself clashes with the image that the work enables the reader to
form is common in novels” (87).

The weirdness in things help redeem them from the hectic life they live because the
world they live in is in an uncontrollable state making them enjoy such things. They start
valuing imperfections. The protagonist Lucy and her surviving friends say that they are in a
state where, “we shouldn’t have to bear this weight. But it’s ours, and there’s no one else to
carry it” (294). In the adversity of life, as Lucy thinks, “He needs these lies, the hope” (294).
The Gen Zs as a group collectively perform this and try to act weird.

The oscillation in the narration continues till the end of the novel. Lucy’s thoughts go

to such an extent that after the oracle gets over, there will be no more kindness. “She thought
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of a new world, where no one would ever feel what she’d felt in Brewer’s arms, the human
animal stripped of whatever kindness it might experience, cultivated only for its ability to
suffer the whims of something cruel beyond comprehension” (302). Pessimism is almost
rooted completely in Lucy’s mind and she completely loses the last hope she had in her. This
is just the same way Gen Zs think over what their world may turn into, if there are series of
wars and disruptions around them. Metamodernism makes them attain self-actualization of
their existence. They realize that anything which causes them problem and suffering can be
tackled with their own mind. They gain an insurmountable confidence by themselves. The
novel’s last lines echo this hope for a better future.

The Loop, in some way, can be perceived as an alarm for what might happen if human
beings actually lose humanity. Science fiction as a genre is more often used by authors as an
act of foreshadowing the reality in life. The dark humor encapsulated in this form of
expression can promote the way of making fun at serious matters which could not be
normally acceptable. It is rather showcasing the depression faced by the Gen Zs.
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ABSTRACT

Psychology is the study of mind and behaviour in human beings and non-human
beings. Walking Ollie is a memoir that deals with a lurcher pup which is adopted by Stephen
Foster. This is a memoir where Foster gives a detailed description of Ollie, about how he
adopted Ollie and wins its love. When people want to satisfy their loneliness, most of them
prefer dogs as their companion. This research study reveals how people are oriented with
dogs. People use the pronouns ‘he’ and ‘she’ to describe other people. But people have also
started to represent animals with pronouns. When people give importance to dogs, they
schedule their own time to take care of it. When they try to preserve dogs from danger, they
take care of it. This study examines the psychology of people in owning a dog as well as, it
deals with the needs of people to have a dog for intimacy. It is to analyse the importance of
raising pets which give extraordinary companionship in this bizarre world. Also, it centers on
the psychology of human beings and how they make dogs as their companion to overcome
grief.

Keywords: Psychology, Behaviour, Companionship, Classical Conditioning

The term ‘psychology’ is derived from the Greek word ‘Psyche’ that deals with
personality, unconscious mind, motivation, development psychology, and genes and
environment. During nineteenth century, Wilhelm Wundt and William James have been
considered as the founders of psychology. This research paper deals with the mind and
behaviour of Foster and Ollie, how they both have developed a bond between them and also
the struggles that are faced by Foster in owning Ollie. It also showcases how Ollie overcomes
its fear.

To represent animals and non-living things, people use the word ‘it’. But when people
get attached with non-living things or animals, they consider it as a human being. In Walking
Ollie, people use pronouns to refer to dogs. As the dog owners are closely attached with their
dogs and so dogs are addressed with the pronouns such as he and she. The Whippet owner
says, “my dog is a Whippet, because she is fast — or what?” (12). Here, it is visible that
though the Whippet owner mentions her dog by the word dog, immediately she changes the

word and uses the pronoun ‘she’ instead of using ‘it’. Rather than using pronouns, pet owners
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also refer to their pet as ‘boy’ or ‘girl’. This can be seen when Foster says about the Vizslas.
“After we had made friends with ‘the girls' (we were given treats to feed to them), we all
went out for a walk in nearby woods, a walk which lasted for a good hour and a half” (39).
This makes a point that, Foster sees dogs as human beings and he has also not brought out
any differences between dogs and people in any aspect.

When Foster and Shay, a driver get involved in a conversation, Foster is bored of his
humour sense. But when Shay changes his topic to dogs, Foster makes himself as an
energetic one. This can be seen when Foster says, “the talk about the horses was brief and
bitter but it led on to a conversation about dogs. This was happier territory. Shay told me that
he was a lurcher breeder” (21). It is showcased that when people have no interest on certain
things, they do not want to have a vast knowledge on that specific thing. This can be seen
with the conversation of Shay and Foster. As a dog owner, Foster is only interested with the
topics on dogs.

Ivan Petrovich Pavlov’s ‘Classical Conditioning’ tends to show the learning process
by experimenting it with dogs. The dog that is used for this experiment, is conditioned with
the food and a bell. At first, when the dog hears the bell sound, it does not respond but after
conducting this for so many times, it starts salivating when it hears the bell sound. The dog
that underwent this experiment is conditioned by knowing that when the bell sound is rung
then it will be provided with food. Likewise, in the memoir, when Ollie does not obey
Foster’s instructions, a psychiatrist named Attila is appointed by him to make it listen to his
words. As experimented by Pavlov, Attila has also stated Foster to use a clicker in training
Ollie. “Attila had a little clicker in his hand which he said could be helpful: click it every time
he gets the food, and this he will come to understand as a signal of a good thing. Click, food,
click, food” (114).

Attila suggests Foster to conduct a like using hiding food, and throwing when he
feeds it to Ollie. This shows how food plays a primary role in motivating dogs. Though the
three-time meal concept is for people, when dogs become a part of people’s life, they are
introduced with three meals per day. Likewise, when a dog is introduced with new things,
and when it is made to practise it, then it easily gets adapted to the new culture that are
imposed. Dogs identify and protect its owner from strangers when food is prioritised.
Somehow, Foster comes to know about this trick and he makes it a practice with Mingus.
“This is because you are holding a pork pie. For the price of half of it he will love you. For

the price of the other half, he will protect you from attack and lay down his life in defence of
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yours” (32). While looking at this, it is clear that when a dog identifies its master who
provides food for it, it does not give up its master to anyone.

Dogs help people to overcome sadness. When people are sad, they want to have a
companion who consoles them and find it in dogs. This can be seen when Foster says,
“Moreover, a dog of our own will help her to cope up with the melancholies” (34). Though
people make themselves good companions, some people have fear in trusting other people.
Wherein, in such situations, dogs become as the best choice in consoling people with their
presence. Normally, dogs take care of people because they do not take care of themselves.
They always try to safeguard their loved ones. Usually, when a bitch gives birth to puppies, it
feeds milk and protects its children. If any street dogs attack its puppies, it safeguards by
barking and fighting. Because of dog’s gratitude and selflessness, people also take care of
them.

Fear is a psychological disorder that can be experienced when people are alienated. It
is an unpleasant emotion which is exposed when one feels insecure. In the book, How to
Overcome Fear, it has been stated as, “Whatever we see as separate from ourselves,
inevitably becomes a source of fear” (Gupta 23). Likewise, When Ollie is separated from its
own place, it experiences fear. Because of its fear, it does not feel comfortable with Foster. It
also undergoes consumption disorder. “This type of fear [consumption disorder] related
behaviour involves eating, swallowing or otherwise taking things into the body. Smoking,
drinking, overeating, undereating and the taking of medicines or other drugs are all behaviour
patterns” (Gupta 53).

Ollie’s consumption disorder is eating. When Foster gives food to Ollie, it consumes
the food very fast than a normal dog. Escape is also a behavioural response to fear. This is
proved when Ollie tries to escape from Foster. “I could sense him flinching before I even
entered the house. Once I was in his space, he’d slink along the wall, creep into the next room
to be out of my way” (108, 109). It is seen that when Ollie is afraid of Foster, it assumes that
it is alienated and so it does not respond to Foster.

During Victorian Era, people are in need of emotional attachment. The portraits
during eighteenth century consist of women who keeps lapdog with them. The pet culture
became the prominent one during this era wherein they gave emotional support especially at
the time of the death of the loved ones. Owning a dog, has made people to get relief from
their grief, sorrow, and worries. Especially, women get benefited with this culture. Pets play a
vital role in the life of men. When men own a pet animal, they become a responsible one with

some characteristic changes within them. This results in the development of moral values in
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men. Likewise, by owning Ollie, Foster becomes as a responsible one and he starts to

understand others’ feelings. This can be seen when Foster says, “If anything dysfunctional as

it’s been, it’s me who is his emotional support” (171).

Dogs care for others than it cares for itself. Likewise, people also love dogs because it
abandons people’s loneliness. The thing which human beings want from others is love, care,
and good treatment upon them. An advantage of owning a dog is that, somehow it makes
people to engage with their society. When people have concern on dogs, they accompany and
make companionship with people. As a result of dog’s companionship, most of the people do
not want to depend on other people. Because of dog’s relationship, people have a strong
mental health which leads in creating a peaceful life. Though there are many things that can
be made as companions, the place of dogs, as a companion remains irreplaceable.
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ABSTRACT

In our rapidly globalizing world, multilingualism has emerged as a vital asset,
empowering individuals and societies to navigate the complexities of our interconnected
globe. The ability to speak and understand multiple languages is no longer a mere skill; it is
a cornerstone of cultural diversity, effective communication, and mutual understanding
among people of diverse linguistic backgrounds. This paper tries to focus on the phenomenon
of multilingualism which is not confined to regions with a rich history of linguistic diversity
but which is a global phenomenon that touches every corner of the planet. From
cosmopolitan cities to rural villages, the coexistence of multiple languages is an inescapable
reality.

Keywords: Translation, Multilingualism, Cultural Preservation, Global Communication,
Education, Economic Opportunities.

Introduction

Translation, as the process of rendering meaning from one language into another,
occupies a pivotal role in fostering and sustaining multilingualism. It goes beyond the mere
exchange of words; it is a dynamic force that enables cultures to engage in a profound
dialogue. First and foremost, translation serves as a powerful tool for breaking down
language barriers. Translation allows individuals and organizations to surmount these
linguistic hurdles and engage in meaningful exchanges. Furthermore, translation is a guardian
of cultural heritage. It preserves the rich tapestry of stories, traditions, and ideas that are
embedded within languages. Without translation, much of this heritage would be lost or
inaccessible to those who do not speak the original language. Moreover, in the age of
globalization, translation is indispensable for international communication. Lastly, translation
plays a pivotal role in education and economic opportunities. It opens doors for individuals to
access a wider range of educational resources and employment prospects. It is a key driver of
economic growth, as it facilitates trade, tourism, and cultural exchange on a global scale. In
this paper, we will delve into the manifold ways in which translation contributes to the
promotion and preservation of multilingualism, illustrating its significance as a cornerstone of

our interconnected world.

309


mailto:Doraanbu90@gmail.com

ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

Bridging Language Barriers

Translation serves as a bridge between languages, allowing individuals who speak
different languages to understand and communicate with one another effectively. In a
globalized world, where people from diverse linguistic backgrounds interact regularly,
translation ensures that information, ideas, and knowledge can be shared across languages.
This enables cultural exchange, facilitates diplomacy, and supports international relations.
Preserving Cultural Heritage

Languages are carriers of culture, and translation helps preserve and share cultural
heritage across linguistic boundaries. By translating literature, art, historical documents, and
other forms of cultural expression, translators ensure that the rich tapestry of human creativity
and history is accessible to a broader audience. This preservation of diverse cultural
narratives contributes to a deeper understanding and appreciation of global heritage.
Facilitating International Communication

Multilingualism is essential for international organizations, diplomacy, and business
interactions. Translation facilitates effective communication in international contexts,
enabling negotiations, agreements, and collaborations to take place smoothly. Without
translation, misunderstandings and misinterpretations could hinder diplomatic relations and
hinder economic development.
Fostering Educational and Economic Opportunities

In multilingual societies, translation plays a vital role in education and commerce. It
allows access to educational resources in different languages, making learning more inclusive
and accessible. Furthermore, translation contributes to economic growth by enabling
businesses to reach broader markets and audiences. Localization, a specialized form of
translation, tailors products and services to specific linguistic and cultural markets, thereby
enhancing market penetration.
Promoting Language Learning

Translation serves as a valuable tool for language learners, aiding them in
understanding and mastering new languages. Translated texts, audiovisual materials, and
language learning apps assist learners in comprehending complex concepts and linguistic
nuances. Moreover, exposure to translations encourages individuals to explore different
languages and cultures, fostering a curiosity for multilingualism.
Challenges and Ethical Considerations

While translation is a powerful tool for promoting multilingualism, it also raises

ethical and cultural considerations. Translators must navigate issues related to accuracy,
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cultural sensitivity, and authenticity. Careful consideration of context and cultural nuances is
essential to ensure that translations do not distort or misrepresent the original meaning.
Technology's Impact on Translation

Advancements in technology, particularly machine translation and Al-driven tools,
have revolutionized the translation landscape. While these tools offer speed and efficiency,
they also raise concerns about the preservation of human expertise, cultural nuances, and
context awareness in translation. Human translators bring cultural insight and context that
automated systems may lack, highlighting the irreplaceable role of human translators in
promoting multilingualism.

Conclusion

Translation stands as a crucial pillar in our interconnected world, promoting and
preserving multilingualism in manifold ways. It serves as a bridge, connecting people of
diverse linguistic backgrounds, enabling the exchange of knowledge, ideas, and culture.
Translation safeguards our rich cultural heritage, ensuring that the stories and traditions
embedded within languages are not lost to time. It facilitates effective international
communication, supporting diplomacy, business, and education. Moreover, translation fosters
language learning and curiosity, encouraging individuals to embrace multilingualism.

However, we must acknowledge the challenges and ethical considerations that
accompany translation. Translators bear the responsibility of preserving accuracy, cultural
sensitivity, and authenticity, navigating the complexities of language and culture with care.
Additionally, the advent of technology, such as machine translation and Al, has transformed
the translation landscape, emphasizing the irreplaceable role of human translators in
preserving cultural nuances and context awareness.

As we navigate our rapidly globalizing world, let us recognize and celebrate the
power of translation in promoting mutual understanding, cultural diversity, and effective
communication. By embracing the art of translation and valuing the contributions of skilled
translators, we can ensure that multilingualism continues to thrive, enriching our shared
human experience.
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CBTRILTLILL L 6dg BevbBWmIE6T el SIPui(pla6iBgl.
Pgeyeny

uemienL & SO QevdsBmiseied QuBendd ST FH6lT  STewiBd  H6VbHSHIGT6N6.
aApBle] el  Hearmeal  opflellsd GHBhH oL .Mlewenmt 2 ufitdenen L SHE
HOSIMMUITHS  HEWILTE. (PeosmsvdGHdH BHT OdmhHas umfluyb, wulsnb@l Gumitensy
Beodw Cuassild SiouBedB i .MPlemewr 2 UlTE6T 61T PHIBHTH HOMD @HFH 2 ulyrs
wHHHIL CurBplent. LPHSLOWT RUIBDBF OCFLMMIBMET DHDILNHHHIL 63T LITHISTHBALD
QFUISHIT 6TOUSBGL LIswTenL  E60HBIUIMIG6T FT6IB LISGTH 65360
SHlHewT HITBLIL IQUI6D
1. 5 . GoudisLamd BTLLTT. DIGHTOTH. BTeTHTD LAY CFeiener: enFalflbHThk

BIBUAIYE SHpsb; 1980
2. UwTsECad®el. GHBIHOSHTMS. (WHBUSIIL. OFeener: LmiBeneouwid; 2008
3. @ Oeu umevdnywenliwier, BBpSlenswr, WHBUBHII. GFeremen: BHuLOFehafl  Ldb
ameyerv; 2004

4. aFHT WoHS, HABuTemBuIlLmL, (WHBUSIIL. OFeiensr: FTyHT uHliusd ; 2009

5 &FT WmHS, GBlehFAUUT B, WP BUSHULY. CFaemer: FTrsHT uHusD ; 2009
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GU6LEUMBLD GHI(HLOLIT  (GMB6TMBLD

ol. geiipedl Lgsmad uleom
HODSHHIMB, Camredamrery Hevsurfl (Heenml &), HraETCHTalsd - 629004
LoGEUT6ITLOEHAULILD SHHHTENTT LISVBHMEVBHBLPBLD, FHHOHLEeS - 627012
Weenmehasv: antonyprakashbabila@holycrossngl.edu.in

SLHOIF FHBHBHLD

FAPBID  [BEVIDGILIBOYLD  UIDGILIBEYLD  DewIDF]  CHeweY.  [BLOIIED  DJeWIDD) BV
BLOGGET QmmyewLD, M (BHOBTHSH6D, GlTmIeno GCLITEL BB 60EIET CHemel. BeoTenmiL
FAPBLD  UGHPSOT  HEVTEFFMILD, GLITTSBVUILD, @UIBenBSF Fmmid 6160l LIVCULY GLoe s
FbB)5 HNBBIBS. DEFGILVIGETOT BTJNSDHD  BLLI. (WPBHEVTID  [BITBBTenTge) CHTeomsiL
BBBGmNT  MNSGBIBL.  BBSGLT — IVVBHMWS — MIBLOLIEVMEY,  [BEVVBSHNSEILI
NBLOLBIBS.  BeTeonT  CFUNLITeD,  CUGMTeMLD,  GMBTEVEVTENID B  SYBIBT/BIB66V
GHUILIL_ LI Baiter  GpLLT&S6T  LIBBSE [BoVeVSI CFUISEV  HemevuITul YBLD  6T606yLD
Umpfld  Heord — CBmreniemidlpSHS060  0NBeISSH — [BEVID  6TeIYlD  SnBIBIIBeT. LG
2 ulisensE&sH DHHSHEF CFUNITS, GCBTOVTSI  ibousnSUid  CLomBHTeNT Bl (Hdlei36.
Ump&é& Qevieont GFUILITS, LIBT 0% Geupemid), Up 2 ulisensnsd 6lETe0suIs eUTpsE6
DYBLD 6TTLINS BbS HYULIYSDL B eSS BB

(olflEo))

el Qeid OHTLMESW HTeold CHTL(H FertenLHeEpd 2 L Gel  OHTLmigsleN L gl
GTEUI6VTID. el  @SonEelld,  elevmislenorsead,  UBsveuulsnorsad  Gaimiseiisy
Coumu’ Lmeuid FertemL 6o  gfleunonadheren GEmeien(piu|d. FetenLullell GHTLSHaHD LS
Curs GCrprésTes QmbHH. dABalwGsor SFHemen 2 cwieyFFmidlell 6160  IMTUIMISHHIHI.
el RemIHCent eaucvellad GLosLedamIBEHEE e Guiwimer ERed@(pellell  &FeaxTenL UMD
QUMTWMISHSH! HOIBSHI. I6L60TE UGHHHCH DIBLD 6IILILILL FHI. U6VEVTE  SUTLDEUTE 616G
QUIEVTMI.  &FoHMevlD  @eMILBOSETemeVUTET  HTEOOTH  JBHUN_60TD.  E60mIENH U6
QeLBOBETEmVmUWISH — COHTLTHSH  BLbBSHUGLD — Fagwm, o Hemjer  Gumr. GUGurg)
OsTLBISUImBGID — @er0Bys0,  UTeverLGHeT  GUITTEET  6T606VTEID  AIELELT F) &b >3 60T
Oeuefium@L.  HWlpedT  Hettellenr  euTpeme),  HUBHOHBT  FobHenul  FhisenTsGenT(H
gewtewL_ WL (Bl QupelenpbHeHen  olewerey  (psiefeuTuibareded  (WPbhHCHTH  (W6iT6sued
(peursBeom(BLD OHTLTHMBGI. QUGTT(ETHEU6H auflsemer 2 _6IT6NID AAmBHHUIHHSHTED
2 BLIOUTHIDDB H(HBGSMET 6T16TLSI  HleHLITILOTUNHEBGLD.
SIBLD

B> OFw ey, pmieusH  Feild 66 @eemalll LTI UHHE&HY HhHHH
DBHHTLHNCBT? DS IOBHSHTeVETM].  HOLD  ODHBUWITE  Ql6TEHUDID WD CuaF
LoBEHNeVmen. eJOemealled HLODT Hb eumpellsd B0 Revemev, LOTBTE BELO  UTIDAITS
DIMWHHSHI. 6TCeupHTen @evevlD GHHIDULD 6THILIMGHD Fnl  ER6V6VBID 61601 6NN UIMIGHSH66I.

Semid  Quettamid  GFThgd SURIGWL GBHLU 2 _mellsd  eelbeuT® Hiaweled WD
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SIQLILIDLUITEH  DIDHHH. HHAUSTEHAIT ST WTHSH (PLUUTIGHE ABHBHILLTENE  (LPH6e0
UGLIUTE eneu HHTT. 6JGleumenlisn

Bl LU LBH SeveauTphemnsd . .HID

Uperndiin gleveorulledi Beiim. (HmeT - 49)

B0 616 FABULISHHIF CFTeLEOILILL I ReLaUTDHMBCW PG, DiFID LIBrmed
UPSSILLTS — HTUIHDLML WSRO L&  [He06VH  6THIEMBIT  eU6TEHaUT.  DHHS
IBHHILUTEI60  Ssvevl  Ruisd, Himeup  Quisd, oamfluisd eter  cpeiml  GUEGHLLIM 6B
QUMTWIBIHHITONTT. DUHNIWID  DBSHHIILTL, QUTHLLITEL, ERLISHHILILITO 6160 6UGHSH S
aleenalT (WHBLIMNeYSEH DIBSHIILTEL 66l CUWIfLLTEID GUTHEHLD SILIPD DIBHENSH
al(BHH SR6LEM6V. LOISHHTUIMHOCW DIBLD 6TGTLINSH

OIS BHIHHEM LOTFEV PHED DIENEISH BB
QG By 1B (GmsT - 34)

GTIEMID  GM6TeUS  @HEUST HD  AISHHE0  GHBMLOGOTHeUTS  (HEHHE6u6T(HLD.
31HI660 OIBLD. WWETHHTUIHOWIBB LB Wmeyd efewt JeuTTSHH6eno6U 6T6TaID )T ene6nt
QUTEITLIBID U6TTETHAIGT 60  [H6dTENUIGVTLD.

CumiTh0H 60

WUUTeD 2 mJHdH  PHSLILIeVeUT  sueiTEheuael  DBHHIIUTEI60  Geu@enmenio,
Sedtedim  QFLIWITeDD,  CBHTELEUTEND 61608 PGBl DAHBMIRIBET  QEIMBEDI6T 6N
CHTLTUML WISHTSH SmwdEmEH.  GsmupLD, G CFWIHILD, (AL CIHOE RN
Cunmrs0smhevs@d SigliuenL.  Gumflesr @migd 2 uliiued. SuiBend  euTDeilsd  LOJ6wID
HalTds @Queord  eeipl.  LUBlys@L  @pBUys@hd  @eoLlul L eufliuulenid  Hlenm
apliOUUIg (pgeugdl  HeIml. emmed  FlenmiOsTewiy  FewiemLull B,  QevrenmOFuIgHI
CaTemeuUBISH60  6T6ILISHI  BUIBNBHE (LTI  Q6IMl. 2 606D GBHTH QM Fal.
F&HM60 CUTTHOHTIH DibBBTHSHID CUfgID ellwphgh LTFTLLUUL L6 6TeGeaugbHTer iHLD,
UBID 6160 Ee0SHaAIUID LG BB L 6. ITIDIUISID DISINTBIHTEN  DIHIDHEGH.  F P60
CeuefT@L  BevdhaHUID 6TeTLIHTEL BReVHEHUISHH HHBHNMTHL CUTTFOFUIFH ST 10GHHIHIH
sTeml LS eper. Semed  HoPlebHen  GuniTFdplienuls usmpaFTBlenid Gurfled  DPHLH
Causvmemenall. @mpHLH eifTseien ifle) CureusiC@nr? srenBaimprenr CUTHBEID MHulgsemern
QUMTWINBISHI (HHHTTHNT (LT GearTTH6NT.

15H0HTIH6060ID SIBLD QUM ULIBISHBLILL_ L F|. Cuniti0smHesvid 3G
SNBSS LG GuTT B QUBINISBHTE  HTVID GGfules oSG (PpHev G fuie
LOEMBUILD  6UEDJ  6TNIRD, GHLOHMGHH6e, Ouewiser GuTiled GomeveOlILBOIEH  SHOMToHBLILIL
Gouemt(BEILDsIRLD, SLUIHID B606E0MLDEY BirmwgsuTeniGuimh PBE&LWD PGRIEILC
FentenL_U1([BHeUSe06M60  TeTLIOD LswTenl Ul GUTTHOBHTINeIGEHTe alld (penBaHellsd DL BIGLD.

geanid 2 ulTdEOsmsoad  @UBUTTHOHTIIMEY  AI6TEHAIST  JBHTHHH  aleneTalTsHEeal
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CummesEe  SugliuenL damyewiomer  B&mUD,  QeTMOFUISHED  6T6ilenlD  SJ6ienl_ D
SIBSHHIIUTEN60 Bl 6m6)HBHT6I.
Geugerl ereiremid GamuIDd

Camud BT ouemed DNH@SID 6T16TULH FTHTT6m  6UTHE. CHTUD el eler i
GoTHCR D EBEH. CHTUD  QHIGUILSHH60  GHWIOHEBSGID — eleormyl  Gasmud
CBTEMTLNEDIUID  DITUMMISHHIF  OFeONH  FepBHHleN  LIIUThIE.  Ssveomolsueiuisy
CamuID Flev HELEVBEIBMEND CBEBHHI HWID LHdH BHBGD. OBHBHIDLMSNU 2 [HeUTdELD
385 Gaxmud 2 mmald HLbHH < HBGD  Curm, e Cupfeler  GLImRHIGMIOTS
wriBlelGBpaE. CHTUD HeTmeTCw DIPSHGID Lend 6T6eiSIBIT 6u6TEHeIT. 6160l  Hmedr

SHHTMRNHSHTH BTHBN FRBIBTHS BHTEUTHBHT6D
SHTmeBul Gdmeogid Femb. (Hmeir - 305)

QMU  HATMHHTCO  HIHILID  6TUIHTIO0  HTHHISHOHM6eTeN  allHLOLIEITEL  GH6dl
O&HPH60 FleilD UITIDED HTHHEOUTIBID. DeUTH Fl6D UFTID6D HTEHBTON L T6L DIFF6uLD
SHeemaB  SIPSHHIIBLD  GTILGH 2 WD,  SReeuTm  HeiT  Fleld  Heviewenr oL (BLD
P HHTL Gelalfley Seuensdl WL B0 LUTHSGHWD 6ITLIHE06V. OTBTH  Heilensdl  CHIiguITsL
UTHSHEHI, SHeenenF FMTHGHTENTUID OMHBLPSLOTHI LUTHSBGLD.

QleEmaNsll  euTedFBhEH  HB@SHL DL  RbGmeleodmear. egleaaned  Gsmuddle
SPewal Qdb@&meafedens sib@Gmefled @iy Sevdbsemild HTemallwleor. CaTUHMS DigH6
SlPnUdH HeWI(PeT HeWIL  @HeUITed WL KL BHH@& HHGHMBEH GHM6iNled MHEUBSH(LPIQULD.
AHGHM6NT FRNHBHTEL DOUID FAPHHHH GHIOTH  DIMIDBBG.

Fenweiignieh CaFThHHTEMISE GBTeLeN DEMGILDTENILD
gLl LenemenwdF S&BLo. (Gmeir - 306)

fend  etedieMID  QOBELL  HetewenF  GFTHHTMNT LD (HLOGLEVTIDE,  DIQ[HEHL I
HIOTLSHBTVHHE0 HIHTLSHBLIGT DPHSTLOSL HMFCUBBIF B UL GCUTEL 2 _Hab Dieurs
RMHHTHTUID Gl L 1PBELD.

HID  wewi(pediBer  wewiL.  Cunflemend Hevtellenrl  Gurdledenen  QHGHMT  [BLOEHGHF
FHBH 2 _mIbHBH. MILBOBTEM6VUTD RIDHSHAITHET  HID  NTEMIDHSHTHET DL (HLOEV6V,
QeNTHEMSHEG GJOLLLSTUI  SHHSHOUTHT 1O (HLo606V, @6IeID LIV 1oL (HLOsV6V, SeiimI
HEOLLT6TIOTUT  QITLDLIGITHEBID dnl_. SHentennPhCHTT 2 B, STeIPHEHTT 2 6w, EReTmiD
@suwid  CpTHIRE T 2 6wi[h. 6l6veuTD  FlIHHTeL albdH Redhdlenr  CuTLHCeal.
QBENTAIID  HIWLHBH  GUIOT  HUWJTHOD, HLHB SUIOT  HILIGSHL 0THAD  Fleurbd
DIMHSHSH! H60IFn(B.

Qemoyfl BpHmuleusiien Reitenm GFuTgDILD
Yewrflell GeuGenmenlo Berml. (SHmeT - 308)
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ROHUMGBGHF Fed eelinId Fbend HHEG RMAUT DLTHH HUleL HHS6UMBLI
Cumed OFHTLIHGH HHSMPSHHTVID ST Boed Fleld  QUITIDEL LTHIBTHHIS CBTeiTals
H6V6VGHI CTEIEBIMTT  GUCTETHEUT.

Geitenrm  GFUILITENLD

Camud  auFeleLemeLGWIaTEd  DisLeVHI  BHTUHMSB DL HGHUSHH clpevld  LIBHBEGHSH
HRIBMIPHGHID  eTewIewd  gBLBeUSHme0.  Hevoeh  CHTUBGD  Faps  Gsmuons
QeMThHGIBHBH. DB BIH  HLbHEH, 6T6LMEVHMENSH  HTEwNg, HeWILID Il (B  HewIL LD
UTuibadl HBSBEHL. Hev  61606N6VHMENH HOHTHHH OCBTEMUSHNID DHHG FhHHemeruisd
aHiTHemeowlsNhd@GHH HRBHMPLILSID, OHTLTHH SLTHS Hulewent Gumsd &L GILMlugi,
CuTHOSHTHI6I cLpeVLDTS  DIMOSBHI. TOIU DHUGSG gBULL GHTUD 2 SHmIasH&Hd
SRFMPHSH, 2 UWITHECBETMmNGE IPIGHHBH. BILIQET 6le0mevHemen  allfleyLiBdHHeD
TRl GUETTRIGENETS — MSLILBBOYD,  CFTHSHILIQETMIUID  DIEWT6DL[BTL 1QETENJULD
S ILTenSEEH S BGFOFHIBH. BHalsTeodHan Dpalulsd CHTOHI LI (L6aiTEaIBBmISEIT
meTemuwlds  &FHHL UPhH  oPeysd  oigsHHemilhEsCs o, R wHms
BhSHNGSHBH. RH6 CeueliLTCL  GQUIMUULILGHH6T, LOHSHHIULOMETH6NT 6160  LOSHHENET
P S, LOGUOT 6060015 M LILBMBL Cumemiy CLopO\smeiTal 6STMB6MT. @eomien sl
weitefleuruibared  Gumfled  ddemen  welld  CaLWIOTSSlT.  uTaTeUdSHHTHGHEH60
BLHSHICaTTHGWD,  Lijhis APHTHEGHH0  BLHBHICUTTHEGHID — @HUpD  ETdHepLD
AeoemeuHTCe?  Heit  dPlewand  HTCr  CHBUBICUTE  DBHAST  61hFH  LOTERTENLILLD
Hemsallsd CbmeiTenmioed  EeTemOFUISHC6OTHICB  Hryewiondld Comobdmamsd &HHdH O
Curfeurs MBI BLEBEHEGHID  OBHTLT  Geivevd@d  OHTLTHGH  aPfelEGHoHHBSEI.
RHHMBUI [HlEN6VENUI  GUETETHEUT

st  Sleiiemeno Hrepleumedt e16iIGBTEeOT
weiguilites  &lerem QFwed. (GHmsiT - 318)

He 2 ulTe@Hd SHhisTaemeal Remel el SHHeleT  mm 2 uliTHeEndE
DGHHWUNBOBF  COFUIHEL eleiiend  HMFewid  UBBSIGWIT? et Gedtenm  QFUILINTHEMETF
fhFHobHH SHTwIHESMITT.

@& TeLeOTENLD

QUGTIEHAIST  OBTELEVTENIDEHG — GTHITEIENCT  6T6TLINSHD  CBTELEVTENID  DIFH BT Ha6d
&mCerm Fm 4.

Sipeilenen WTEOHaMer GdTevsoTenio BGHMM6L
Lipeiens 616b60TH HIID. (GHMeT - 321)

TN GHMeMeL DBFLFUWIEL 61H  61IMBTEL T 2 UTDIUJD  CBTEVEVTENLOUITGLD.
CaTeLaIH6L  6TeLFZ  LIB  SHellenedrdbei  slevsomeuBsled  Liwlenemuld  emmIBs  HmD  sl6ur
o _emJLILGET (psold  QBmeveumTenld  CETHHOBHTINE  Halens 6laTnNSH  SINUIIPIQBBGI.

CosvIlD 6UETEHRIT  dmBmIels OFeL6vd SHUIBIGID CFuUIVTSH,
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@ameveomeno GoBosTer GLT@6uTET UTPBT6ITELO6D
GFsveomr HUImHEHTEIBI FnBDI. (SHMeT - 326)

GTIEMID  @GHM6T  eumTuleondhd  GaTevsuTenioenl  JHoTdEd  HWLLIIgHSHI  HLLILIGIGT
QUmPETeT  Gsd o ulengd HeUMID 616 Sleueldl 2 Ulemyd HUFF  OFEL6VLDTL L T60T
STIMBINTHBHIMBIT.  IDHHIGHET  6THIONTOITEVID  DENHET  [H6LEVAISITS  UTPHBHTEL  CUTHID.
welgemen  eflden  GdTemsy  GFuiul  HIPD  CHMAUGUWIEBTEL EEMBIDHID 2 MJHEGLD
LEMBLOBLD 61HBGH? DwebdH 2 Wlmd pHsD GUB 2 mIHEGL CUTHIBWTID  GB6IT
o6ii6m CuTEIG. BT LIYHS, BTD HEIBTS HLHSb.

(C )]

UB o uliteemen  Oeuedeuitd  OFTBHEMEMUD  GFWeOEmeTUD  QFULIWLITLOEY, LB
2 ufitsemend OGaTeoeId OCBETHHOSTLHMENES MBHOEBTEIEHD Wealld @, Sl &
SIFFwisid SIHBTFAPLD Q&INSlemEMIH &) CFwsLLIBHBSH. SIEMLOG) Cap®BCeumitael
CrsHoaTamiCL RMmIHBTTH6T. AFBT TESSHHMCIT DBD  LOBHH, Reid  CETeIH,
UBMHEGSS ShSmPHHIS OCBTmeHoHTHd  OFUISEIBIT.  au6iTEHeNT  UMTWINBISHSH
BQetrennTOFUILITENLD, Geu@enmenLo, QB TEL6LTENLD OIS BT RIS umL_Lb (OEZESY]
waHHHHH QFWBULLTEL OBTeod  OFwed @eiinsl  eumpd  eupl  LIBBHHBHGLD.
LIBH@ID eT6vevm 2 UlTd@ld SUuiBend LDJ6ID &Henl S HEELD.

S0l  HINHBLIL QU160

1. uf@GuevpasT (2. =), HMHBSMET. WPHBUHIIL. COF6ener: FTysHT uFHliusd, 2012

2. (. auISHITFITT (2. &), HHBESMe. OFsienen: LmfiBlensowid; 1991

3. ©bT. WTENSHBUTFSHN (2. &), HHSGSMOT. (WHBUSHIIL. OF6iienen: 2 o7 UHIUSLD;
2017

4. sOiflenmelst, HHmBGHMeT FWIBMBHB6N. (WPHBUFHIIL. GFeremen: HApWm LSS, 2014

5. wpemeuedT  uTHWGLOR, euendend  CHTHEHL  HOWD  RevHHWINTOTMl.  (LHBLSILIL.
QFsiiemen: HWOFehaM Ls ameerd (L1) 6l ; 2013
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SWLETHeN QUIBNBHSTLFUJD 2_6uenLOHeVEILD

r. Gs. oimewr GomY HrIENS
SHHIMB, Camrelsmmey Heosurfl (Heiteoml &), BHTHTCHTaIL - 629004
LOBEITEILDGMIWID  FHbBHPIMT LISVHMEVEHBIPHID, H(HOBsLGaIT - 627012
Weienmehgdsv: arunmozhinangai@holycrossngl.edu.in

SLBMIF FH(HSBHLD

FIBIB  DeVBBIIBIBENGD LIV  LIeVeUIBeT LiIsVEUI 6)BBIB6IIY @UIBenEenL] 2_6N6emiD
IBEVEDIL 60T LITIQUeYTeNTenTy.  B&bL Bemgulled  Bunpemmfleor  LITL 60B6160  @UIBenDH BT Fujtd
2 6D  [BVEDID  61(BSHBTOIBATEN  MBLD  FL L LI (BorTeN).  CHTeWL_BBHTVSHBHIE  GBLIBLD
LOMBBEIBT  DHeoTed 2 Uflfleomisefleor  BleweVLILITE  HYBliene Yule)  GIFULILILILIL (BT6TT6.
DBSHPI BUINDSITT LITENEV  [BloVBBTL FB6n6  616316UTL  ClousI I ILIBSSHIBIOTBTT, BIG  UTAPLD
2 _uilflemmiBerr  6160TCIIETEOT  BICOLIBIBEN6NT DD SDBI60BET  THLIUBEDBUID — BTGITEVTLL.
QuIBnSCLITE — Bewemihd  LIPSBUPSEBBIBOT  OBMID  UJVTHL — SISO  Yule)
CIFULILILILIL (BorTeNTeoT.  BUIDGITT] — 6p(BOIITIRoWENIS — B6WiL Gl  HBCTBH LGN 2601 (L]
LOBOBTIE  GLITEEDEMULID — DIBBTTNE)  CIBTEOTTHSI QLI (B OBDBITDITT.  BHBHNBUI
SHDILINGLD Do) QUIBMILD  LITL 60B660 2 _eUswIDBNTTE P&  GlLIBBHSlsome. @euenn
BFs1 Bemguiley eilflourdd BrewrGLITLO.

(lpeiIgDIEmY

BUIBMHSOWILILITY ABHBTLF  BevHHTeL LSDOUBB  LevauTHemsT GBILLIL &&HHHeT
SWILDSITT. SQIDLIVEDID 2 emife] OUEIDLIY  6IIPSHUILLL  SjeuTHl  LITL60H6T  6ulfl  SieuTd
Leuewlo BLdEG&HEH OHeMeutall Lsvemamadl. Qubensd ST Fenwl Fmel, ee6fl, 2 e,
QPMF, LOGVILD 6IHIEMID MbH UMBHENTID  Di6UT  HeWI(HHMHHIGTENT] 610G HLOSGSL!
HeoLIL(BSIBH. SieuBemB HID LML 60H6M6L GFTe0GevTailuIoTdalujeienT.

artempd  sTamild Curgdl o1k Curelis  LBOBTEIBI  Heveiaydbd eumaIH  Lefldh
@uwedLy. Levsufletr ewr  QUITHEMETS Sl DiuBWIeN  eugeNeULD BiBHewswb  CurBmsil
umouigkl @b CQuBpleTengl. SdHEl Benyuled HWIDEIT] RUIBMHHTL FUD 2 _6IenD  HEVENID
SIQITH LITL60H6I60 6TIITH MBUITERIH 2 6IT6NTT  6T6LINGHD  HTEMI6VMLD.
CarenL& STHBEHI

FHhIH  QEVHBUIBIGBT60 ITHL HHTBBIGEH DABHH Heweoulsy GCosmemi dbasmmml G 1D
CuDIUBHTE  6IHHHIH CBTETETEVTD. LTEN6L  [Hlev  suHeIenaen!  @LlgBuw  GQLHLOLITEVID
GasmemnL & TevLD GBI LILGaEBS). SBULILDGOTTIS 60T LML 6056160 cLpEOT ) QAL RIB6N60
CamemLdaTmml  uBpw GBIlseT  STelLBSmar.  CoBed FHmFuledmbdl — eisD
CamemL_wimed cpmidledlen Ffll EeNnevdE6eT GRIGID DBIGD HMHIFQBM FHPOBHBH!  (DBLD
397) REHTF SHTOMBHBIL UTL6D aipled STelLUbGEHBEHI. gevenul S S miberie0
CoremL&HaTBBTeL 61 el enFHenend  GHLHeomd.  BIBB  Gemeruled  L&Gbha

CamemLé &MBHI eTWLILD @emd LB g Gured Cslsleamg. (i 321) eflenmd LD
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Camiigsy etg@uim  gBuULL  Hiewenulled LGhaH CoTemLSHsTBm  eTpLLD  @6d  ouifler
LeLeVTRIGIO6L RemFBLmed Gl Seimal.
LITeneV&SBITL Sl 6iT
uTemsv  HlevHmeHd Odmoul  GeuliLpd Ul Fujld 2 _emLUIGHTeHd ST (HeudHl  HLoF

LevaJHerlell  IOJLITS 2 _6MTeNdhl.  SHUIDEITHD  eueMOIphdl Bl FAujld  Geuliuapd  W&bE
AleMBIGID LTeM6D HlevdHemdbHdh HID LITL60H6N60 LITIQUIETENTT. DieJHI LTL 60H6M60 2 60Jhdl
HIP6UMBM  DJRIBENETUID  HIBBEHEMIBHMETUD LFWTed eumBlo 2 ulflemibsensmud  SHTemreomiD.
SR UL SHI6TEN  Hmevaleild  Hewevalujld il utemsv  auflGw 2 1L eiiBurdh g,
CoBlsTeiTeneuenHUID HTeRIHHCBTID. aNGHTH6T Uty Ruisond Sflul uTensv sufluiled e
wrenest  eumell  GuTend euflullement 2 emLuws yedlujresr GumfiLg. Gumflen (wigellsd wimenen
WPEHHeN  LsiTalldsl  HewdHbdH LetouBp 2 HJb U@l Hemsouled e1sll  WOGHHUITeL
2 WihdH enev 2 FHulsd GG Blg GuTev (PLPHIGHBIBSHI.

‘sumeiteufl QUTHS LeWTdn] WITen6D

Usj] g Wadd GBIy

o wiflenp OBEHRCHT B 2_pibsien (WPPBIGL' (DisD : 145)
QML LSS LLmLenwl 2 flHH SHemId QIPSSHIPHLWIGH] WTeNeT. DibdH LOJHSH6NH
Cwed wlewL elTefldsl  BIbllwsTes SHEGWL. @ewJb  Hend@ghd ug  GsriLmsd
GHHWH wrener. LILedL 2 flul GuUBB @en Wb QFHHBLISES ST FuefhboHsH. DiHener
wrhHenr o FHuled GSmbHH HWL @M LbbHEH 266  GINISHHUBTHS  HHSH  lmIhHIl
UBhHSH eubH LleTeyemi @ WFHHCn HhIGH GBS

‘BEOUSLE YOS BOHS SHIHU

Cumpyedr LUGSS GUTHSIEMT GeMLOLI

Ou@mbOUTeflF CFuioieny CHTHs emaToFHHIH

SBHBIBTEL WTHSI UMbhS albSHISNoHEI’ (s®b : 397)
QM ISP LLDLDWS GHHFH HL 2 66N HewJ 2 ewienl HHHU  WTEDe DG
2 JbhH DHHSHSL UTIHH NGHHHBOBH. AFFOULD SHGHWD Sguist  @ellenuid
CalB wenp Ouuiud Gumsnd eT6elI@ UM 6T HBSHD ST Feowid  GHBIHOHTENSLI
UTL 6060 SHTeI(LPIQSBIBG.

- - - (wer&lement

@ow GHHW 2 WICEN B PHHDH60

Caualiz GHOBHH Ceuciaueny HouT D6l

MRWPLHG SERGIL @IEGL’  (GDIHOSTMS : 396)
Caulib wpD FHeiwl HewenhdHl CeumIIBEmI  eucleuTed SHlienLl oD GBTéHes  LB&HBHBSEI.
apB&? Geoubemu el Gelul  HFFMO 2 LUl HoledWll  GUBIISBHTHF  6FeL6L

o(HLDL|E OB ).
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‘GoubLilell @eWTLIDLD (LpmME BBLIMLIS
BxpibLUTed OFBB SIDLIPET HMFS
ama@luel o 1ob% eumalsd’ (BBpflenswmr : 279)
GeutbLil 6ot UpHmEH Geaumibal  Qmlenuuilenr UpHmsd oLl - aisieumsd  GeuuiuiriLied
2 Bl QHBGID 6I0mEH. HhHnHUlen GCFsvaibHmed RIBIHH HMevAINIH CF60aIHMS
ol QrelBsv  OFeim  elalenlsHLUI  LiHsvadl  omdl, BTHHemTT  CFnbamL  eTelsuTy]
AmBBmTCeT eTedt RILGHBEH SewmFF OUITIHET Fnm60miD.
sepralw St Qeoy  SUlwsenmed  SBD  Fed  QBmewiL el  eediml
(PRGN OBEHI. DB (PSHHD BB L Guewr wmensnGuim oiehdd STL(HHEG6T QBB
Caumiemaulsnr GeouehFeanhenduyld Ouewr  wWimenemuiled GCUIFFHMBUID ABBTETNB  LITL 60
QB DPHTHS ST (HEH MBS
‘salBp@eny Lenpdselsn sweutul Ceukiens
&1 Fend FABha  &Ledle
Qaumad @iy Bfun’ (s : 221)
QUL WwFSHHen Geusiealll LHoHmend HIQH@LI9H6T Sl LTSS SHalJbH 2 6Niemibd
ST &, SISHTOMBHMI UTL60 Qeimled DIpHTHES ST L UL (BeTen).
‘Areitaieny Smlenud CFHTeiTenen euTeiydH
GMHEMEN eTemIdlen FJEIND HaI@HD’ (B : 257)
Qe DHLIUTL 6060 2 HNhH HLbGHID SMHUHL  LDVTHMET 2 IS BE&HSH HSH
QueDLUTen6 DMIPHGID D60 LOTeveN GHIevlensid BHl & (LPIQaIBGI.
‘aATHBT60 SiDLIwew 2 i@l LseogQl
GIHTHHTEL LNl CeuewiL), 2 66w
el Gev ellefla@d’ (Sisb : 321)
CarThem WGhHS UTme0 HeuhHevd Uemld CUewTemIoTsds 2 uljHel DUSTLTE  UTLDHMS
BLSBHIOUSHTHL LUTHaUSHE0 LevalhdHGHdh Hell QJeud QmULenSHd STl Sl
HEMAIDID LOEMEIUITES HTHEOT BLHHID Ee0RITIDHMNS Di6LT60 FpbhdHl el6Nmhis
Couswii(hld 61601 Ljgveu] Odmewi  ewFCw e  @eleumm  UTGUSBSHE  HTTERIOTSH
SMWSHOBEH.  auplAuyd  Geuliugpd  10EH  UTemsL  HlvSHHID  ymBleuBdp 2 ufijsei
@QSTLIDTHS  FnlgeUTIDHGHI  QUGTIDTEN  GHBHDLIITIDGNS  BLSHHID. DILQUIHES  BNSe|eHL U
QmaUT]  DHILTEL @eTmILL (B 2 wifeud QuieorHSTHlwior sty DBeymISHID  ellgHLoTesGey
@M 60&6M6NLI  LITIQU|6TT6TITT.
UBdaTl duled eupld STemlILULLTID DSHH60 FJ 2 _6wiey SHTeNILILIGESIBSHI.
Umsat fulsst  QeuliusABHenL B GpehaHHer  GeflifdFdfenw  CeuefiliLGHHIS HTBT].
F&FBpIUs QsThmnsd Rl Bui HAhenzpulsy Galsnwenul GeueMiILIGHHIH SIBTT. ESeieurms
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@6UQBUTH LML 6OHWeMUD WS  DIGLWTES  STLFAIUGSHSH 2 6Tenm).  SuiBend
&M Foemen  alfleurs  eleuflliug L Gl Hp FApl OHTLTHeT euruileoTEad  SUILDENTY
UTemeLBl6VHH 6T aUBL Flenwiuld  QeuliubemBuld ST FNILBH 2 6lTenTy. BHHD  HIOsVID
@A6060THF). S BT UPBRIBTHH.  CFOHBEH W,  APBIBOHT 2 60]HEI
ST ILIHIGI.
Gauild LITemeLBIEVE &I Femul BBTOTBI, GHBIHOSHTMSE UTL 6056160 OHTLTH6NMTH
Seu] eleuflliengdd HTEIEVTLD.
‘@mBleod 2 ulmesE Qeemereand’ (Sisw : 275)
‘BIGs0 Bei@ewL.’ (i : 219)
‘DI 2H5HHH PHoL' (S : 17)
‘UL DIHHHBI DIMHEHSFTID’ (B : 145)
‘SemIoemlY HIBHS STEHIOWEIG DIIPaUD’ (SIS : 397)
‘Dpsbusiip oweibs B Qo wfler’ (GOBOST®S : 356)
‘soPIIHG PfoL’ (GDHOST®MS : 396)
Guwevid  swiwenmy  UUIfleBIGMETUID VBRI MIBIGMENUID — aIHeld@&HD  GuTs
s WTeni(Beien  Fleitenr  Flediedl ML OGILOMHH6T  @alwiLThISed LQLUSBEG — DIHMLOWTH
SIMLOHGIGT6N6. 61(HHBHIBHBTL L TH
‘BMERIBBTE0 STUIHN' (SBIBHOBTMS : 9)
‘Oumn) oiemy efleey’ (DimD : 219)
‘wenflb@GHyed CBETFS’ (BBlenewr : 293)
‘OuTflwneny geno’ (SiBWD : 397)
‘aufiliypl Upey’ (BHMlewem : 305)
‘Ounelr Hemev @’ (SidBID : 145)
‘o Wy GCHTLB @mHHHe0 (GBIHOSTMSE : 396)
‘UsI 2ol YUDHSHD (SIS : 219)
o1l Flov WL OLomIflBemend HTem  (LPIY&SIBaI.
UpSES 6UPSHESLD
SWIDGTT  UTL60H6Med  LPBBIONFET — UPHHIDHIBIBEMETUID  FLHIGHN6IULD
ST AIBH. 2 605 QIPHmE OFHelleurs WPBmIL DPbHHeUT  eTaLmBUD  OFHFHEHI
Qameien (pY&HEBGHI. LetinL & HLOPEHHH6L Heneiidd @b sieveord SFBPIHFfluyd o Fflenio
SN OUTHIHEHHE  R6Lemev.  DUTHET  HTUI,  HhHewHWfledl  HHEMIOWTET — HTEUVIHS)
Senmdluleiene. @Remb  OLessT  &HTevled Flovbl] ewllUld  UPSHHID  FRIBHTVHIH 60
Qmbaleiengl. Feow] &P Cmmeiny uBplw QFUIS BBESlemewT 279 - b UTLeJed G LD
Quimleengl. GFevaud WGBS GBWUSHDHL LIBhs wHell] OuTadamiemabdsy GQUTH

HVbSH LTemev 2 ewiLevy. Sleudein &S CHmOwCrm® ubsTy Ourwemsl  Curdsle.
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UL QUTHET ST  MUSHBHHMD LB GBIUUSeT S UTL6LH6IMED  SHTeurLILI(HES eIme.
HHEmBTVHH  LPHSOWT — CoBOETEIL.  FLEIGHMET — JASHTOIBEBIL LT 608561
FevauBdmred DMBWIIPYEBSHI. HMEVIDEHE HEMEVLOH6T PHW  QHEUTH  SHTWTHD  Q[HEUD]T
RMHEUT HYhHH FmBID CUPEHHLD SeTMBHE 6euaTnl RHEHBEHT HCHICUITSIBI LIHTENL &
BTVHHGVID EHHHI6TeNH 6T63ILIGHI BBASlenemr 293 - LD UTL6L euPuImsL LeoULBES B
UFEOMBHIS GBI
SWIDTH6N  DISHTOMBBIILTL60  @6INsled  euFeuTBmISGSMILY  SL1b  CuBmIeTeng!.
SiETel  STETLITE  @MIBemdBL  LBhHemeouisy HFHulen slemmenst  Oeumnsl GBTemih  Dieledl
&Teued  LoJomdw  Uaiewerenw! — Geully  efbddHlenmenr el Gauigdl  oumedlsd
GBIUIL LU BeiTeng).
- - - QU EHEY
SITMN GHBIBMBL LIBHSHMEVSH &S LIed
Czraiafiensy (PWRWPSH0 SILOWIL  LiesiTemiul
BeTeu] QUGG ew Lisiened’ (Sisld : 145)
SWIDSITT  UTL6VH6eM60  eueomBmIib@mily — Sidwphsh b Dl @66m  sleiiLgl
GBI HHHBHTSLD.
2 _(HOU(PLD 2 _6wIJeYLD
BeuasdWnIEaTed 2 alenid  QUITMmET  LeLILBaISBETHD  DH6ewllHevHA BHTHALD
BWTEMILIGAISH  IPSHHID.  SHUIDEITHET  NHGMTIIHHID  JBHGHmBUI 30 2 aIeNIDSH6IT
LD CQuBBmedemer. Hewevelulen Hewr, Gwell (WPHeSwBPlen DiPeNHE Q6N EHID
SWSTT  SUBBIBE DS HI6TON 2 _aIeniodel WS  QUIHSHDHONE  SIHLOHSHI6T6ITEN.
Hemeval  Gswrorer GuTelB  LMTJemealenul 2 edL Welel. Lehd BGumeip Glosbellul  DigHemer
o emLwWeusll. Gumerr Gumeipy  Coefenw o ewLwieusT. Hiefledy @HH  GLosiTENLOEMU
© MLUIRIGT 6160}l SISHTEONM,  BBPeven,  GBIHOGHTMS  PHW  UTL60H61M60
eleuifl a5l 6dT3ITy.
‘iorewiienenr GBTHES6H LOLBevevTsiT’ (DiBD : 195 )
‘Oumesr Gumed Guoad.......
LUEhd Giosvevly BewL LB mioGw’ (BBpilenew : 324 )
‘CamebImID GEIBOBTY HeMi] SisGaTen’ (GUIHOHTMSE : 356)
@M 60&H61M60 2 _6T6M 2_6IeMIDEH6T WTAID QUIBend GILITHL_H6N6T 2 alsHIDUITHRLD
wrelLll  QuTelenaull GQUT®HeNMTHD CETemimel. SuiBend UL &enenl GuTed  omeTlL
® M BV MBI GLLUMGHDH FnBoHanlgulenel. SeuBmisd 6B eFHyTer 2 Halulsd

SIMDHSH 2_aIMOUTENEIUD SWILETT @F G HFH60 mEBUIT6HTIBETET.
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o umisufled 1DevTHEHIeTeN GBUIHED eVTH6T GelsiTend WG GUTEHLEVTD PP
appd CHTeimId ST & GHenHHe0 cpal ppal e1upd  wHellfledr HewrCursd RmULSTHES
GBIHOHTMSE LITL6D @6iinsled ieu] @MU (Heitenmi.

‘utFenL. Melbd HMERIBHTL GHUIH6D
Qenlenr QmhsY @S LOGOSTBID
sWAPG o6l Semienien OTEID’ (GUIHOST®MS : 9)

HMHEMID  HBFnbHGE R B  CHmaipid  waeifledl  HemideT UFNHF BB
QmevsEhdEH QLB BHmeimid OBUIHD  DTHEHBHEH —2_eIEMIDUITEIH]  LOGH6D
QUTHSHHITH 2 6N H. BHHMBW  FIBLLTHT 2 _IDIEMUIS  MHBWTEWIL.  SHTT6RIHIHT6V
2 _aImouled QI SWID (G6D) 616iIB CFTELMEY TBHHIHOBTEH  LIVaNHBEGHH HUILDEIT
o163 QW] SIembEIeTeNgdl GBILLIL HHHHSH.

SHMEVAMIML I LJHHMD  QEBHMS B HH  HSHGH6NMGm  eubHHHISMTENT
Hmeval. eUeT H6il  UBHHHHMPBL LIBHSGHF 6FTe060  HTEIFIBI6T.  Heil  UHUNTH
Capmbld@id OFT6LMIDEY  DemBHEHI  UTIDHWT6T. HuUleid 2 6lTeNHHe0 MUl L HWFD
HBWTE  DHeTe0  CLoedbH  STeILBGS BTN DPLHLEVTD SIphHdH CUTHEIBEHL. @
alp 2 emLuwl OCFbUaeT DPSTr WeoJHmeT Ulda OF b S B aply meuHHTe0
o6l PGW? @@ LWeID GSeveomosd eumgll  Gumr@. Gsmiguisvild RMmBS  (LPIQUITLOED
wrGrenild @lg OBTTUSHBEGHID LWL ML GFIDLIenIET FHbH aumg HPUD  6VTEHEm6NLI
Cumed Hemeval et CUBEBTHET GFLNIDHEMTHAID  ITIOTIDED  HTHEVIHL U 6L Gl
HlemenTellLITHOLD UTLD(PIQUITIORN PG DHEH 2 L60 Oelbd euTBaEBe.

‘ot GuirGer

(wenLomewt GFlllenr Holw eneudslul

Gumuiwms yelewr Guouigm ulen@erm

SHEWIWH Hlenmeusit CasTHenLD

BID(IPeT Brewild &Iy GO’ (GUIBOSHTMS : 9)

SIBHHTOIBBI LUTL6060 6D S6IGTH  HmevalTarals  alsnsvenuld ClHTensuailsy
STEILD  OUGWILOTE Q&I DUHN BB DEISTH  allevd  @lg  enpeuemHl  GLimev
s1uilenr @BoFpBillemends HeiB DichddH HemevauBemB 2 L aiBumd@ GCoBOisTeTdlaimme.

‘cuemevamemt Llenewiuiest GUTE FRIG]T

OaTemneva@ed GsueiTGalsd il eneoBuim(y

uLish Bmer’ (B : 7)
QUIBNHBUIL 6T 2_6IENLD

QuiBenad QuUTHLBmeT QULILH DD 6UNBUTIL DDIHSH 2 QIHE6T LB LD
SPGB SN uBSHSIUL (BeTenerr.  QuiBensullest  RmGeoum &M FBemend Sl

BBl B QUMD [Hl6V6e|HMeVH HWIDSITT LOGAID DPSTH eNeTdaHIU6TerT].
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OpBTFd  WwevTHeMe L BIOBTHSHTOH HHMIDBHBBID 2 ML UG, DiHeT Sewev Loulevledr

Sl BT
‘ouiied sl oieiien LOTHBEGHTL OBTFSA’ (Binjlenewr : 305)

CappTuier gaflll  GeusTeflw uBHeT OCuTesD] RupHHTE  Gumsip  GHTHBBLD
HHSBS.

‘QuTelr 6umj e eneueUTey GUIBEIF QFBBTUI’ (Sis : 219)

ud UVebhd OuswiumTmel 2 mHHdH LLL 2 fHs @ WwIsHdHer  Heubsk
SluGg Bury GFuigk wreenuler Ll L Srenev Gumsd GHTeiimidanmgl.

‘OUTMHS WITEnEr LIGRTSHT6N  JuILILILI
udlily 2 _mssd @owEF CFsioueny’ (BBflensm : 279)

SWLOET] SISHTOMBMIL  LTL6D  e6iipsled  @6ved  e0JH6IT 2 SHlfHeiis T Fb@
Qrevi(y  FPULITE  2_IDIOSHM6NSH  FnBIBIBTT. @R6ve  6VTH6T  STBBTEL  Gomsiul (B
elCuTaIBTUl 2 FlJeud meuBmBUNed aUTeNHSH  MeWISTIH6T  c6NGEITEIBTUI  LDENBEUSHI
Cumed smeILLGUSTEHD OpBUI Ouulsd elenddler  aLjalpeugd CuTL o 6iTeneHTHaD
STLFL UBSHHIB BT

‘Boioien) BeveubHdHl 2eMpPHYN LIGTLOGVT
OpW 2 10p H#Lfled @sTELEUITTEFS 0
maGD Walsd Chmeipid’ (s : 17)

FHBemenssT CHTMID esiauTeLH6MeT BGosd UelGHHIeTHeT ailpaugk CpBUI CHTuIhS

HfFHLT allpeugk Gumed o eiTenig eT6iSIBT.
‘aiguall 2_|phs auTealsd HeneTGBTEID
QpWesTL Hfluish Hemdlsy 2 emplu’ (BBpfenemr : 279)

ums  Quuiwd Qupml BiFbllw  QurBaleuenorengdl UL  Hlenmhd  LdbeTenmu e
Oeueiteriiul 1D6VTELITEL CHTMMID H(HBITBH.

‘UB6ITMMB QMGG LicBenmhsel BGLITeL
LTeLELILT eu6iTeMD &Fmevemer’ (DB : 219)
CxeitalF GFsveuld

Caelieadmedr WEaD (PHHWIOTEIH. DHe eutulleord CsL(B 2 _eui(hld @6VldH6T6e0
QUUEDLD 2 _enLWeBens 2 ewibhsl 2 eusmlUBhHiend  swiostfle  FApliuisourss
2 6ieNFHl. DIBBTOMBMIL LUTL6D e6nfled [BUILDTE 2_aIDLOHUIS  DSBWITEIBHETENTT.  Fienen
bJ @eveumosd eupewiB  GumeNHTeL HTehr Ged HMBW 2 6B LGHH @mF  eTIpLIL
(PREBSHI. BIBB SN 6I60ILNS  NeTHGHUHBHTHL  LIgUal] (LPeTe@lo @ 2_6IenLoenUIdh
MBWTET(HETONTI. 2 _6IenowlTd @I OUTmenDd GCouBml MevdHdk OLITMHET DieTml.  Fieneo
© 66 D6MEY HleVHEH ellevm@ U@GID. Wwemev BGumey 2 1 ed CQuBm wrenenGui. eupl &

BHTVHFH60  eweoulled  Fewen UBMIFHEL CUTEL 2 _6wie] EEVL6VTIDED  AIMHHHID  UITeN60TU 60T
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o L 6J6v WPH660  ITHAIH DIHMIMLUI  HWIHB6ET  HPGID. 2 _6mi6)] E6V6VTIDED  GUTIQU
BNTEHBHTEL  LIGFiemD  E6L6VMDEY  GLOHFHI6NeN  Hemwridenenil  GuTed  HFeuBdpslul  Femesru b
2 6Bem GWHEHI LFHID E60E0TIDED SHTEmILILIBH MBS,

@6UNTHI W6V HlevddHl QU hedledr  TBIHVIGG @ DBH  HevdhdHed 2 eiten
LOBOBTETNB 2 _IMIDWITEGMH SeIHLUW  FBOUTGID. HBIBM  IBIENLOWITET  Fieneouilsd
Ueha eumd Guwsd &tBm 0Heflbs g@mg sl aumSOmEH. i WwenevliLlenei@sv
CFeip e1HOrTelsGHL CuTal LB @6l GuTsL BHL &leBaI.

‘uAHSH WTNSIL LIPBIHERT Di6dTesr
uBIchaHm (PHHH Ca:memLFH GHsitelerf
alfsHs aummig uspulen el jeshs Guubl’ (s : 321)

Cwed &TBWI erapoyeudH  UBB  ReQITH  DBHLUTLEJEL  SHWILDeT]  Eeleury
FDIBeBTT.  oflenmd uWpHH 6T CHTL 1960 6ILQBWIT @F HIWT  GFBULIQHBED  DIGHEI6IT
BIDOWHS STHBIENS 60 sIIPLLFOBH. bSH @60 pwifled LgLeoTRIGIe0 Reng  Bumed
Cal_Baima).

‘Qurfioieny ellemaller LB elenemyped
alpeveil CamenL. FHThHe0er BHmeusvy
G60 6Ta Hemeild’ (Sis : 219)

Foir iy orelienID ouswiBHeflen @emd Cafled SULLLLL enlsefen gemg Gumsd
o _6ll6Ngl.

‘Cxifenll @enaullsd FeitelB YjHGW' (SiBD : 145)

(C L))
fwg  Guflwg  Bevevdl  GalLg  Geuswiguigl  CouewiLmhpdH  Reueumm  61HS

CoupumBlo @6vevToed PG 2 ewiTFS QeICm  e1eiiB CHTHHHCHTH LOEHaD DIPHTHE

SHAMIML U SUIBHBHTFIHEneNUID DIH6T  UPUITE 2 _6uenlD  [Hevensd  OeuelliLBdH s

9 GIT6NM  SWIDETT. 61hdH OUITHENETUD  6ThBTTENSHHTEVID  LBHBH6 BT  DIFH6E0TH60T

SIPF60 FBHUGBD LeVenosn Fhid SeubHUISHH60 SHTu(LpHlemd . eueurml FHUTL (BL 6ot

STFHU6TTEN  QUILIELDEET el LUTITLL HHHHHTH SHBHHGMBH. FhIBHST60LI  L|606) ] &H61T6i

DIDE 6N & FlemL 61(HSHSHUILDLI QU &6 H 6T USHSTH. SLufenid SBWILDGUTTIS] 60T

QAuUIBHSBHTL FH6T  WHD SPGB  TBSHHIGHTLLLALULIQHLILDNS — DITH  HeVlenHaH6i

auruileors BID SNbgH GaETeCLTD. GuiBendenul Sifldbamioed GumBs UTHISTIGLITLD.

SHIHEWT  BINBLILIQUI60

1. smiprenswy, 2 . BGol, GUIHOHTMS, GFsenar: HwTsrms aleors Geusfluip 1962.

2. qenened HwIFTOLILT6TeneT, &., HBMleN6w PO ONeTHHaMIUID, OF6Ien6: Di(HEIT
uleCagsiierd 1966.

3. Guormser @pm., LHMI: FhE RevbHUldH CHTend, (PHH UHLIUSD 1977.

4. rewibED 6l & L., GFerener SHOPHHBTH60, LTS Heneould 1962.
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FRIBBTVS ST HL60 euTewiLLD

&. S endl@uomeirt
SODHHIMB (FWHSH), Camrelapread seosumfl (Heieuml &), BTHTCHETaIeL - 629004
LOBEITEILDGMIWID  FHbBHPIMT LISVHMEVEHBIPHID, H(HOBsLGaIT - 627012
Weenehasv: ancymole@holycrossngl.edu.in

SLBMIF FH(HSBHLD

BIOP&SLD AP LIGEBIBID BL6VTED FIPLI L [BIF. BBSHLUSBLILPLD  BIBLIBIPLD
BLOV GBS HOYBMIBIL  [BIBBWNL CLTB BUIBeDEF & LDBIeNVB6NLI  GCLIBBSTESHLD.
6T60TCe,  BIOIPBTL B IDBB6NTT  BHL6V  UTPOD  Q6fh — BLBLIGNESHMENT  Glodsoimyl — BL 6D
6UT600I B S P60 QmIB] 2_WibeHSHle0 I 160713 Berenmuis BLOUPSSHNBUILD,
BLOUPBIOSBMETULID  LITFSSHLOCLITSI, DUjHenT @SHBendsil Coor®, BIsfsw, GFevsusF
CFIPIL)  BILIUmeDBLI GBSl BSem; 66l L) SIBLIBBIBS. LILHSIOLD QevSBBILSBl60
BLIGlLigpewio  CLITHBIIL  UFOTHMIS  SMILIBEET LIV  YBIETBIGSF  FIBNIDDBIL SB6oe0.
Cloustllpm’ (B wisSfisjserlieonn SPGB EBL Qoupmbs 256  CFULIBlmer.  Gemey
SYWNDHDBUID  CIBTWTB  YJTUJBIBTEY, Hov LSBT B 105561 100SPIUND  BHL CevrB
QEMIILI  6UTIPEY — 2_6WL UINFHEIT  6TETLINDL]  LIVLILIBSSHIBI0BT.  Fov  LIGDHIB6NT — BL 6D
UTINBSHBI0  HIOPISHSHT 105  CIDLL I9p/bHeT]. Doupens  gTuienCs — @eisurieieor
CpreSLoTEGLD.

(olflEo))

HL6V QUTDEMeNS Hell  QUTDEUTHS  HEWIL6U6H  HLOLPEI. HL6D  6UTIDMAISH  H6dld
HemThbH S Hell  Gevddlul  auenfFd  HewiLelsht  HOpsr. 2 6056060w  HErHs
o GumojsenLel FHOBTHHHIS SLevauTemIBD CFUIFH, DHBHL60 UTNBHHD Disuflanid
GUT(H HEWILAIGT. DWH HTHMENTHOBTEMEL  GFTELED MH6ENHIHAIC.

&Cuflwr, umNGeomefluir, 6@, UTEVEVHEMD, &6, &HPHBHHUIGH SH6)B6IT  6T6r
Sl HLL euTenlidd OHTLTYS OCHTewi  BTHH6T LOel LevaT@G. SLBOSHT6TmeTS
FL LSBT DILSHF, WPHT (PHeled &L6O HLbH Ul & HeweubTLIgul  CLHMLOMUIS
SONTHEHHGHF CFTILFHL  HauNlevenev. FhIGHTVH ST HL6O euTewILD  LIBSlEH
RQbHl_Hemguilsd Fpfig SmrewrGuTLD.

&LV - ellendsld

urbdl  elflibdl FLbGID HLemev GEHTHSI  “LUyeneu”  616iIB  GUWIMTEH  SH6U0TL M6
Canlibgl ey DL Jhe S BIUUTUDUS Hewi{h Lewnfl* 6160  DHMIPSHSHTT.  “LI6wrfl“  6T6iTLIZH]
Qb ST mLUID GBS PHENOTED, DEMEOLITUD HL 6DV GleuemTdHemsvLIL|6urfl” 6leor
SIMLOTY OBTHHH DIMDHHT6. DiFHl  el6ilalene] GQUFHTUImID, GFnladdbassTuilami,
DHWN DL SHH HLbFH, OeuelbrBaEnLe CHTLFLOSTENIH, 6UTDe)] 6IeNTHd HTevHEsH
Qs BLHIBSFWgH eleimer GUT6DL HL 6D 6TNID AHIDHSHTE. HL 6O LTTHGHMISBTE0 LFHSH
LUTEmUSHTE  DemIslenmed OFMibhad  LIewIflHmedr, (LPUWSIBIeD Sl HHBSHWSID &HL60SHT6ET 61601

RAFQFTBHCM HIOPMIBHGID HLIHGID 2 616 QHTLTLBMeNEF Sl (HAHI6MEN  6160T60MLD.
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&LV WGHBGID Bmellsei

sLemell UBPul GUWTHGem  DIGL6VTIDED, HLMEVH HLHHMEHDH HLOLDET  ENEHUITEITL
smeNEemenll LBl QUWTHEHD, DUBBIBEG SevsHUWBIEeT HHD Bl OleNoHaHHIGBEHLD
Gl HOIPET HLEN6V i Hd UL GLIHMDMUI 2 emIHABIIBT. DeUBlen GILIWITSHEHLD
LsvauTulgnid L6OsD&, LOIHeme, Liewewl, OFHLILID, oJD, &L (BOJD, &Hlsd, LI, UL,
b, Gxmmewll, eIRIBID, [BHTOUTUI, &H6VID 6T  (LPHETHIDWITRIENILITEGD.  @UIGLIWIT
afleng@u  HOIPFlelT  HLELAUTIDRY,  QUTEWISH  eUENTFF  Hlemevdewend ST B0 LIy
QIflenFHENTGID. RUBBIGT LISVeNH, LOHemed, Lienewl, GGLILID. IDJID 6T6TLIe MbHID HL 6060
WHEBSLD LoJhISemends  GBlluel. HTLESHemeoullsd el s SJmisemnend  &HL6J660
WSS (BHH HTel DAHCB  DweBUTE  SiemevBuTevd GlFsvevd &BMIS  ClBTENTL 6.
QHe  FHlewewiwimed 166 LNgSHHMed.  CBBHAIID  SLBUWNID  OFLIWeD  (LPUISTBTeN
SIHEBVGTON HOBEHBGHLD O FimIeuTl LILI6TLIBHHSH6uT60I.

“OumrIsL6d BhAHw WFD” (USHBEILUSS : 76)

STRILIGHT60 SIDIOTHIGET HL VG BhHHID ST Flenul 2 6wralGmmib.

“euetirslenL OHemeuwy” (LfilumLsd 6 : 35)

(QeueiteMw FenLbasulmisemsd SULUULL  WHmeuuled Glaso@eury.)

6T LML 60, @IDofid 0SLILSTEL “IhGHemer”sielis GUWwF CuBBenemUIF &l (HBBS.

LU0  LOJMhIBeneTd:  QdTemi(h &l  10eHHHBaISHTE, DGl “Gslun” eers Gy
CUBBSI.

“‘Lememr” eT6dTLIgy LIBMISCHTH 6160IB  GUIT[HET H(HLD.

bflsd  @meust  Sfemrs  UBBUWIGEGL UBBIGCETG  SwFGLwiT@d.  eTerGey
uBpIECHTLTem  1oFplD  “Uemetor”  6lediyl  uiBml.  SpeIDd BB Ul UG DHemed
CgelloyLBSSISBHI-

“(WPIRIGHTL Lenemrowier Sienwbdhlel HLCwaiCsHTer (H60H0HTMmE : 56)

whiGEem BILIUFIGe0 Lemewt eteueumm o uflyluirg sriumBpiGor, igGuTey
o gkl BB Goevellul CHTeimeT 6lendb@ 2 ulifdh HTEIGOTH 2 6iT6ren.

“H@IBTWITI GLeTOISHHIS HVEhFMBH HTIDLICNGT

HenIHIL LenewmOuBpIs SHe 2 WibHThG” (H60505TmE : 134)

ol eufldeil  Qetiemid OHefeursds DdEHMmBend  OCUINLNHS TN,  “HenyHTemnITSH
&L sl 2 LW allpbhH pSWeN], Dme OBTMIB lbHSH “Lenewl  eilenBL
uppled Osmewi® 2 uly sSUlemBCuTey eleiigh &g e CUTHNT.

UeVemd  6TILIGID @& CUTIBOHTMH  WFGWITEGID. 6ITe0 &L 6VlsL  LOSHEHGTHI,
HBH  QIQAIDTH  DMIDHSH SUILeVend  6T6iILIG]  6leien? DGl 1HBE 2 HBmI?  eTeoTLIeo
Gumetis CapeieN & 61h &S SLOD @608 8 WIMIBH6T 60 (S Oumib llemLULIT6I ]
LSIDDWLTISHTGID. Feo] DRaleueny SHemend SHaumrsll Lflbdl OabTemrBeiTene.
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QUMIGBID, [BITEUTUI, H6EVID 6l HL6D IMIBHH ML LWLl L Quiflul  uruioyé
HLILIOH6NTHS BHTeimIas 61360

“m1_BeomLmr &mev6led OBBHCHT &L Beor®HID

BTOUTUW|D QLT Bevdhdl” (GmsiT : 496)

o6iiB @M, HmJullsd @bl CHMmBE eIHHIMemF FBULD, OUmenLUD 2 6w,
SiGHGHlIementdF FBLILD GLHEDOUD BTOITUISGID 2 0 61T BIDHG 260l HHIEH MBS,

QuEmLDLITETTTBBILILINL_UTls0

aureL2_emenll Liyellowir(® euLeusNDd &HAH2_LD

BreuTwl &phe Hefbyl UL Lienu”

ureo@umentd  Geuswtemipomenr  LILFl  wulewgujenLwt  UrelluL 6l QUL FHenTF & a6m
SHMLIGD QleNMhIBMmeNd CBTemwi(H UMD BTOUTUIS6T GbHH HBSOm 0FBhs BHIbemev
o6l eUflB6lT, SHBTUTUISET (P6VD  GHHMIHEHLD BBHGWSH  CFUIWLILLL 63  6T6iTLIMS
2 ] HHIHIMB. LOHIMIHBTehHSF gIene] BrTeuTullell CHTBBHMS 2 6wiJHHISHBSHI.
SHLHIB MeNbE

QREBTVHMBL BGLUTeL DHIBID SO OSHEH6IT HLVMIGBN] A6NHIHHIBMET  DMLOSHI,
Qrey  CBIHPHed  HL6VL  6UBLD  HVBBEHEGHDH ~ HWFHTLIRE  HmJCFT  meubHHSH
SBOHHBHOT. SHBHTH  DUTH6T  SMOGHH[HHSH  DTLMHIGHET  aUTendHemd (WL (BLoTm
SMWWHSH — HOUMSETEUTED 2 Wfhd BHHDH.  HL, @yelsd  HEHHemL BHmevlsd
Oaretefaenmsll  OUEHOBEHLULEILTHE, DHeT @6l cpeold  Hevmiseil &)  CFHd
HemgwplwgF Gguleuf.

“sumenild oameipSlwl LDGHEMeL BUITEV

genll FTHHIW gBBHEH O eie

allewtOury Bleubsd Geuwir LT GG

@raied T 1gul ReVBIGEHLT OEhaH

2 Jobj SlWass BB S

Blws”

TaHend (P HH0BTBHSH 2maiBIBsmsy Curen, geallamTdSlul L gueusBE iflw

(Gu@buTsImBEItLenL,. 346 : 51)

2 FHulled, euTeldHmbHH BTG @hEUl ey Couwrsd wILGHH6e0, GSgey CryHaHev
CaTendsHw  alenb@l  aLenjuelwl  Osmeeaf, &HLe060 @BLD HEVHIHEMET  DEMIPEHGLD
SOBLSD.  OUFlWSLILEHET — OBTEWI(HD LWL BIGMET UL GHH6NMTe0  HenJCFToH@LD
&M_Flmenenm @eiml HmewrsGmrd. S&ICuTsvsH

“seobdhH GUITBLISFLD

&P HCHTemilwiTen BHMICFTHGHSHI” (UBBTEMH : 343)

332



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

o1l eufldefedr  cpsuld, GOUIfWBLILUHT60 albEH CUTeTemed GHTewlldbe  eLpsvID
&M BFTHHM 616 BNSlAEBTID.

SIMB(PSHIGBEIT

SHIMBPHID 6T6TLIGI  HLILIOSH6T DBEBID UL GHH6T bl Hhid CFsvaubB@flul @ 1D
AGID. GeuelprhHHeilelhbah B IHeT OETam(B I  CUTHL Semem Bl  RABdH)
SDHMOT  alelBD  OFUINSBEG gHIUTUI  DmWHSIU L @)L 60 HBUPHID  HGLD.
UIDHSOPBHHHD  HOLCOUBB  cuemlldHH 6 LWITUI  LieL  SHIOBLPSHRIBET  DIBBHTe0HIHI60
fmliyer elenmide.

QepID  HIWBAPS HEBIMIS6T60 LILGeum BTLBSH SLLOSHEHD FmBBGSL PSS
ST Fomend sTeidsCmrd. SHCuUTeLCer, SETHID HOIWWSHSH HMBLPIHEIGTEL LOECEM
BT (Hh SHEVMIBEHLD  [BlETN360T.

Rpeme,

“CoupiLed BTL(HS BTVSHT 6UHD

usvellener [Breumul GHmerpId GCUmHSHIMB’ (HBMlener : 295)

RUUTL60 uflEB6i cpevld DISIW  (LPIQEBIBG.

gBBIDE, SBHGWFH, euewlald 6B  SIDPHWEDWIL]  QUTHEMTHTY  (LPsHMBLILIG
WeirBL BB, HML (PHBUTEL MBWTERIL CUHHID HLOPHENF FTHLD. LI 196 ILITeN60U 6D,

“Bfleieiipid BHlevSHBIgBBED
Blevdglefleiip HrULTLILIeLD
SIGMHSWIWITLI  LIEOLIGHTL_LD
augibL SIMlWITEnLD  6u[H356mIY
SHAEIBIQL QLIHBEISTLIL 6T
aUeVIL|6DL.  6U6VEVEMITRIZIGT GBIT6dT
yelGumrlidsHIL LUBb@UTdHa”

Biled  oubsBmB  BleoHHled gBBLID, Bleodled eubbeuBens  Biled o i
H6VMIB6T60 gBMluD, SeMHSMBIU  (LPIQUWITSH  LIVSITSIW  LIswTLMmiGensn  eugbLieiinslds  @&eldbal,
B1HH, el LelF Hesirenhensmll QuUTeHH OeiefCw emiid. o6l eufledeT  gBmIDS)
BBEGLS uelBHmBL LBBUD FnBISIBSI.

TWIBLIL 196D 6160 HIMBUPSLILILYeHemSL UBBULD DG SBHHS HEORIGSED]
lleNBHHMBI UBBIUID Fhids E60HSIUIGHSH 60

“enfipy el wHGeoTH Gl

uefipy uGellssr UL igend”

beolpemtl  GUITEB  HINE6T  @HHDHS 26TTHEMEMUHLUIGID DGV 6T  Fnlgul  GLILINHTLI

QuBBEHID HFW  UIBULIQEND 6T6iIM  GSNSBHILUGSBSI.  APHBI UBLPLD HLO  GGDHSD
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UIDHSOPSID  LIvGaIml  HIenBPSLILL IgahIGmeT  QUBEBIS HeiT  HTVHH  HTHFHLHD
BTHHET DINNHBHILDID QlewlddH OBHTLIL OBTRHIB HBIDbHHMBHDH HTI(LPIQHMBHI.
(]

Gy mT (b HLBHMIUIEL euEhdoT HEIHHBEH BCBBs Heiellll Guflwmp H6evbHs
BLHF60 BT LB  Ged  HLBHOTHWOWIT g  WPpABSH  HmBUPHLPLD,  (WPFSILI
LILI96OI(LPID B ([BIHSH60  6T60TLIGHEM6M,

“weuerTHhH NENGILDT6II [HETEB6VLD

QureCenT® eubd SBOWNTG CUUWIHLD

auemmiesY (pFAM” - (oiHb.149, eufl.9 - 11)

ot eufldsl  cpeud opflweomd  (wFM  eteiamid  CEIBTL(BH  SHIOBLPSHLI
UL 1g6g&le0, WeustiTdelled HLis0ssT CUTsensd QBTHHEH, DAHBG oleneowiTdd Hpflenul
gBlBCETemIB CUTEINSHLI LIVaT SHTUIRISETCRICNT] FnBISBTT. HH 6160TLUH FRISHTEVHIHIE0
WleNendHH GHBIBESID OFT0EOTELD.

Srellifili UL 196D

Gampiy s eril6on HEM6EVBBJTHEYLD, HIMB(LPSLILILLQEILOTEHE6YLD S mbHII
sTalfllgloul 19ed. RHSHImBIPSHID STl UMW QURIBHDHLVIGT H60HBM LSBT (P60
aILBmIUled SIMHSHHHHH. BH LDLUSTT 6B Quuwifled MPEHHLIILIGEBSEH. BHLs0BHT6I
STTewIond,  @BBEID  APHHCUTEIH.  HOBUPSHHHO  ubH  SHEW  SHLLIGOSH6NT
(BTOUTUIHST - IDJHBHEVRIBET)  HBUSH, WTMILILBH UL BBGID WTDIH6T  DDFHIDI
Caremngmliuendll  CuTEIm  SMHSH  GTHILMBHDH — HIPHeWIL. LU IgeLILTensD  6)fl&HerTeL
SIBIWIEOTLD.

“Oeueriiulled RQenb@Gd Heflm CuTeLS

SOUSTIS SO WPeiBImBS

SHBIG HTEUTUI HieU6H[HHMB

Wengs amiblilell BemFd Qsmgouid” - (ULigembd.172 - 175)

CsTBens

uTenTgWi&eell  HemevdBhed HMBPHIOTEDS CHTBNSE HBWHHH. HTLOTLITeselluller
FRISHPHHHL DMWHSH HIOBUPSHBID OBTBNS.  “DHEHIGTI Ul YarhHBE& HBCs
CaTBendd  GHLTHBLMID, BT  CoBEGHoHemyulsd OCETBendsH — HIEWBUPSLILIL IQET(IPD”
CA(HHSH6  6TEITLIGHENEM,

“CamBend (PGB BHEG WSS 2 OBEGL - (RHSBIBIBI : 185)

“FemI®BBT (WHSHILUG uriler CsTBensd (Weipiens” - (Bbpflenew : 23)

OT60IB  MBIGBIBTHL, BBlenswr  afldeT  CBETBMNDBH  HMBUPHHHET ML Neneor
DIPHTEH  61(HH DI &35 AMB6IT.

CaTBend (pHH6 FBlLlensl LsV@aImI LITL 6VIg&H6N  61(H5H DI & imen.

334



ISSN 0976-5417 Cross Res.: December 2023 Vol. 14 No. 2

“oplGumyll UTERNQWI] SDIBHSI SBTHEGLD

CsMBenE BLOLGLD SHOBUPSDHET s - (Disb.27, eufl.8 - 9)

“yeiped FpLilelr QBTHBMN® (LPeiIBHINB

SNTsH WHHOWTH euevbLfl OQ&Fmfiba” - (isWb.130,6uf.9 - 11)

&L6L &LbSH BTOHOMIBHH DIBBBL ML, FhHbHl enl, U BHHIeWI, FTHHBHMUI,
@VeNBIBLD, GBIGLIL, HMLTID (PH6VTEN ITFMIL GLITMHLBem6T gBpl albd [HTEUTUISH6IT
CaremiLed  smmplelr 2 gelulemmed  CHTenIgd  HIMBUPBHHMSH  QUHHML HHMBHUID,
@BHGLAWTS  DbH  GQUTHL BmeNdH  CHmenrguislhibdl  LTERTIQUIETST  &HeMEVHEB]TT60
LHMIHG  II@IUUNLILLOSUD — SSHEBewIL  FeoluHeTy  UmLed  eufldel  DIPSTH
(B SHHINT B 6HTB60T.

“@rigy @mw uyliier

amIE FLLSHISH OHmewng@uimy @R L

SIFQID, HISQID, TP, SUTF(PLD,

CBTGSBGL LI HOBSIL 6T ubD

CxTemi_ o LGSbhH CHTOBET Fnl 60

Caumisemt GBBGeusT alevedlipTd HTEID

uBIGa(pwsSHHIL Ul s wreiiBenen?” - (feoy. oamjsmenr. eufl. 106 - 112)
LOMHBIGnTLILIL_IQ60TLD

WEHRIFTOULIGID  “IDHRINS — 61aImIDd  AMPSSULULL Gl  umewnguwl BTG
(UmemTQWIBTL 1960 BIpHGHD HMIUIIBHS) HIMBUPSLILILIQENOTGD. LIGLDLLEWT  6M(pa 616013
LTesiTiQul  LosiTeTenIbB @&l CF (pemowimen, HemevFBHdH LILIQEUIOTe G gH6eme,

“usmld et eu(psd WmhME - (BBplener. 358, um. eufl. 10)

oTeiiemIlD LML 60 euflulledl eufl Siplulevrib.

GFsveu oD GUITMHHHW LoTLLomellendHemen 2 _enLUwigh SUILL Q6D 616N S,

“HmeYEML. 6UUNED [BBJTeeeereeeeereneens ” - (BBpflemen. 258, um. eufl. 4)

oI LML 6D 6ufl 2 ewiTHHIBOME. 61 ICUTHID 1DHH6T  Fnl L SHHIL 631  HTemrlILIBLD.
umemTigul  BTL[B  LIGVSUTTeN  [hbdBTT, HTUIHEHID (2 _LUkISINH6T) CHTL L BIsEHD 2 66
REHBHIMBUPBHHHI  HML_HOHMm OF6vau  eueMmd  OBTHNHHMHBHH — 6TOLIMBL  LTeTRIHLD
UTL 60I9&6T (LP6VID DHDGHM  6T(HIH DI &8 eBIT.

“clpd Sichad poup HdST

@mEsPl LULlenU W@HEETL ULl gersHg

sleoIOID yewreud” - (SisId. 227, eufl. 19 - 21)

Curps @prE CEIsHed ABSB  HOLHHHaIL  BlpslGn  Gelshal

MASHH(HHH LFNF SUTlenend SalJbHIEID HTHemd, HLeUeL OFe0e0THI  HL6Vl6D
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FHhF HBGD eubiecd SlUeder uruiny 2 FHulsd CFaiBl HRIGD 616l LDHBIFTLILL Q6T
SHIOBUPSEHMSL LB BoHBTT HOH BHBSleNemUTlsd BUIWPL 6l 2 _6nJSHSisiTenT].

“OIB60 DIMBMY MFHIPD GolSSH

UFFBTe HeUJbSH LIGHIGL. HTHND

SHHIBE0 RIGHHIH FalDLled CFHGLD

LGHRFETL Ul gaisbdH Sieer - (bB. 258, eufl. 7 - 10)
LOMH6M G

Carmpml(Bd SHIOBUPSLILL LTS  SIPWIUGH OB oTHNS  “HINBOBILOTHNS
“sLeVOFWLOMHMmS”  616iIMl  FnpUUBSOBSH.  “LOTHMS 610IBID  FapBlUl L&l  LOTHNSLI
Ul geidhdled  @wweuriousst  CpBeEhGFTevTHe  CQuTeT, emeuFd  eMeweOuWITHSH LD BT
WP HeoTen  QUmHEhOFLHMS ~— UIDLIL  HWIHBIED (DL  6THILEH Bl HEHI 60
QUBHOBHTMHMUWIS GHBPHGHWD CFTELOTGID) LUMBHHEH MeUSHI HHHTE 616ImID, LOTBBMFL D
SHemmenll ITRISIWISTHAID LOTELPEVEIT]  FnMISIBT].

“sueubLI® (WrdB GFyevrsHed

WHHCIT 198 SLDUBIS HOUISS!

WpeiiBeurmy LoHeT suemIBIGaB GLITSHSHI

BETSNE] OTHMS WHBBHS @PETeT]

uefBens Hbd LTBFT6L [HeiISH6E0LD

Gumeir Geuiumensy suuilyOLOTH YLDLIED

@BIUTU] HMBUWS GHMUS SIGIBEUCHT

BeubdHend SHBHS HHWD” - (i®d. 127, eufl. 3 - 10)

bd  CUBHEHCFTLITH — HLBOBTETMNESMIH — GBIOLMTDW  DILS&IUIGN6.
RHIIMBUPSHHMSL LB Cauml GBILLSH6T gHID Se0en6v.
&L_BGHm6IT

FHLMEL DI SBWITenT®, LIBHETL(Bd HDJUISHIBHMET DL HH QITewH  aITHmBLI
Qumeaw  slper  1We 2 wibhs euF  CFMmEBHL  PDHBHHHSHTE.  DieIDIENL U
QFmebHenaids HBTULSBCHT  eTatterCour, HL60BHMeTTHET LIS  GgmUL[H, iU  HF
BTl iged  &LGsumgll uGHdmen Bwds CrALLas. CFy mrlysd WP, g TemTgub.
& (6hFUJLD QUITHEDLOU L 68T AAmHHMLDEMUISH SHLOID 60BN WLIBISH6TNILD, (1135153 (NG}
wrshdfleyseien  @GUUUBMNID HTRISEBID P60  DHHBHIBIGENST GBI HTEOILD
Hlemev  Esvemev.  LiTewinguleiedr OBmBensuLd  Bampellsnr  sTallfiligbul el  Gmimien@Lo
BLVIBE SenIUITES LDEDBIHSHE0T.

Cummidl 611pbBH PSS albSH HLeevbHeB, SuiBensulst CLmEHFBBHHBGHDH
HOpeit  oichdlevmedr. BbH AFFCD  FHLL UTMNBHHL  eUMTHH  eUbFH  FHLOLpedTedr
WCBBHMmBSH — HOLLUUGHHN LH.  ReiBmed, Qeiedpul 2 _60H  BIHFHHI 60,
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CougmasIol_(BLDGHNS,  DIHEH  HEWEMUTHOD  SMOWTHAD  LUITHOD  HTUI  SHeUTHe|LD
el Braflebn GUmaSUI®meHELD.
BHLMEVEH HWIH  HIOIPGT DichFeollsVemey - DH6N FBBHBHIBE DehFGTTeT. HL M6V
QM OxWeuoTsCer HMHF EULHILIL L T6.
“wpbpy alipeler GBCWITe” (UBBTEID : 6)
eledi  UTL6L aufl &SLMOF6V6)] 6T6iilg  HLe0IPT BLHHW  OblpGuirer  eTeianiD
LTewNQulsll SLevbE alprtealhoHsd CFUidemnuwl SuibL&EBEl.
Pig6)eD]
FghBHTeud  HOpfler  Guowur®, BrIHfen, OFeLauFOFIHIY WwdHeller 0@ WD
&L GBeur(h @MWl HL L UTENBHHIHL GUTIDE| UTIDHBHAUTHET 6TTLMSHLI  LIsOLILIB HHE 6513601
FhIH  QReVHBWMIH6T60  Lisv  HMBLPHRIS6T UBBIW  QFUISHHeT  UTL6D  6aufldeT  psvld
TBSHHIMTHBLILL Beitenen. Sjewed HBEUTH UFaIeLTS LeOFTeVIDd Bl ToBG60 2 siTermen.
FRIBBTOVHHED HL6V QUTeNNBHHe0 SO 1HHen &S Gobul mhHemwenuld BB awmpslul
Q1R &6 GHeMa|LI[BHHIS 636
SIen6T  HTBLIL IQUIE0
1. Hm Gu. Geu GaFmwambHeTT, HBBleMew, (WPHBUSL. OCFciener: FaflHHMhHs BB
ugliysds s&Lb; 2007
2. Hm. GQu. Geu. GamwaEpHenti, GUIHOSTND, WHBUHIL. OCFaiemen: mFaudHHTHSH
BB USHIYS HpsID; 2007
3. . BCu. Geu. Gamoappemi, HeIHOHTMNDH, WPHBUNIL. GFeTemer: mFauFHHTHSH
BB UHIYS SPpsLD; 2007
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SOpH HellendHeiMey GILIGHIEH6IT

&r. Quidumu
HODSHHIMB (HFWB ), Camrelamred sHevsurfl (Hererml &), BHraTésTallsd - 629004
LoGEUT6ITLOEHAULILD SHHHTENTT LISVBHMEVBHBLPBLD, FHHOHLEeS - 627012
eennehasv: daisybai@holycrossngl.edu.in

SLBMIF FH(HSBHLD

LISOSVTUITE BTG BT60 — DYe0i(BBENTHL  Glicoiseflest — eUTPEYIenID  DQ6mLD
BlewevuiTsCey  Bibbhl  UBBIBSE.  6ToTC6y Gl BHEWeV  6TeieID  B(I5S5CHTL L BIB6N 60T
OB iFFewws  GTBSHIDTLILSGI — DEBL Bewguiss  CBISBIOTSHW.  wefls 2 uiliflens e
FIALTSHIITES HBUPLD DYsopid Gl QEFFUPSTUSSID FLo2_fewio 6L ESE6VD6V.
BIgBmSHTIPYSBENT BV,  FAPBLD,  YTFWIED,  CUITGRETTSHIILD — DHDMSHBIID  2Y6007
FAPEHMWSB — (PeiabSHS — Holel]  GlLIFAPSSDHS  GUIIITESH — HVSH  GlLIIBHENNLI
Leiisnibehs  H6N61ILIend  [BIOIDTEY  OBISBUAPRUITS].  HeVls  Gliewiberlleor Sl id, 2_/fenio
WOMIGBLIIBSHV, HV)E GlLIwIBOT SHTPSHUIIBS0 CUTemeUBenns S5 Hoilehiseror &
ol MensGBWSHI BDHBL Hwy.

(PTIEIH]T

urhbd elflbe Fupd DIMOLLTL HMLHMEL 6UTDHMS UTIPLD oSS  [Blemsv
WEaD QIMISHSEHEDH. FTHUW  SMOLLLD, JIHBTIUPLD CHTeNiL.  QFFAPSHHHE0  HHIH6I
aumpe|flenosemen QobH UBHHHIGCUTT LIeVT. QHUSHLD SHhiHeT SHendHF aJewuiBL  GLosd
grgHuient. GeIOMTMH LHBID Fepdd &L BUUTHSMNF  FrHuled  GLWTTEL  HeDLHlen6ev
HH6T 105 HewHHeo. SHalenllisenmed el  WewIBHD UTHBSBLILBIS]  GLIGmTSH6NT
Hreir. FrHd HBUUTEHEHD FrHUlET DILHEG WPOBHEDHD OLeE66  ITDSHMHEMUIL
m  Guridsemors  WIBBIEBH.  BUOUSITFASHHH60  WSHCLTFIONS  FAPBHHBHT60
1oL (BLD6LEVTIDEY G BIOUSHHBESH6T  BIFHSHUILBUAITHET HeVld CLIEIHNHTEN. Hedd OlLiewrsmsiT
o _WTFTE  UIHGID  HoT  RenHHe  PamIBGHWD  HLGUULH  BLSHHCeuemTguIgSTUI
AmBIBH. HOIDH  HlMBHHEMT pevld HoUld OlLiewimseien LIJFFenardmell, 2 6wiTe|dH6lT,
SITLRIB6T CUTEIBaIBMB RbHL HEmT 661 EHH MBS
BTVHCHTHID HeldH CuesTIBeT6n 6UTLDSHM®

H6Uld  IDSHBEMET  QITDHMS  UFEVTH]  LISUEVTERI(BBTEY  06MMHSH HETMOWBMB  Fpdbhd
HEOTFFM] LBBID SFFlwled GuUTHaTwsd Q@BHEG(PMBMUI 2 6oL SAH Wl 2aTICLITHIS
GNMHHL  GBT dBUUSBGHD CoHTalab@H6T HIMPAIGBEGHD DD DBIGSIILIL L 6.
L OIT  HEWeLUTEL HEMELLILITENSH 6wl  Fol THl. HTed60 OF ML  iewiwieyd, H6val
BBHOD DFFUId CFUILSID HBTTD Gevewev. GUewIdeT GsoTenL.  Diewilulds  Fnl TFHI.
efgdHen  mewilLenild  &Winflwrendujenid  sump  euPluisveomosd  mbHH.  H6VH
QUETHEHHE — THITET DI HG(LPMBHEHID  IGTI(LPDBHEHID  [BTEHHE  BT6T  QI6THSI
QUHBITBE. QUMD  GBHWUF  Gplped  OBILBID Y HHH,  DAHBM  eTdHHH eorfleor

STDOUNBIHGSID, QUGBTL|600TTT & & & & LD QuewTa6iT LT (T 5| GOTBEIIT. ReNNTBTH
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STOVRIBTEOONHS H60H Ouetidst  WheHEeTad @fleutenl GuTmenTd  @BHHSLILL (B
SBHBEHHGHWD, OBTHMLHEHSGHWD 2 L LGSHSULL(H  6UHB 6IB6T.
GG OB ([HENLOSB6IT
SINWBID  BIWID  HeUH  OLeTIE6T L (BLOSLEVTIDED G  FepBSlD  FHFHBELD
QUTOBTHEMDEET  LBLe. 2 L eofHumer HTdH@GHe0, OQFTBHENTEL  DeUDSHHH60, LITedUIsd
RbSGHH0, SBUPLL, aIUFFTISHHBEG ABUBISHIHN, SLHHF CFOIM  CUT(ILPHBUITS
2 L6 2o mplismenF HAmHHHeo @y GFTevelldatemi@  GuTseomid.  @UIGILIewT
QUSTOBTHEMOH6T  CUITHISL BIHeT60, Lewiluilmibeilsd, HTaIsd HeWIBTILIL B BIaIahiGaT6,
alwsLGleu6N H61T 60, Symoliypelsueserisv, TuleL&b6NT6L, CumBEIB emeOUIBIH6IT 6D 6J 60T
sPLILmIFHeNed gl BLSSULGHBeN.  SHHwswild CFUISHOSTeTUSHTE 2 miFHluwlelshg
uredlwed  &IENILeVSE P UGHHIUBHID,  Ueienim  enEell (B  eleo@GHeu D,  DiFHedr
OFHTLTFH WSS CBTensy CFUINIGZID Fnl. FTHTTENIDTS [HL &HI6MMB60.
“ABw6iT HBHHATOTL LBSHSLD (LeirGer
fB@sen HenddsalulLBHT?
Qom_Ba&6T ewid 6if oD (WeirCeor
uevsubSLOTUI Lpfldaiu’ L GxHm?
HoMMiTsei FHremmul FHleMTeaGw (LperGeor
Qeuly efFiL Bxm?
elighdlw eumpOeusveord @iniehaHsemen
Qubs CUBECBTT 6D
alparul Huled efFiiu L Czxr?
bHBEHD, BTHD CLewr erers GuTBEILD
SHHBTLIgEL BEHCBT(HMLOSHEIT
FFFOe SPEGCHBBLILIL L CHT”
salepT  @pr.  @umbalulesr  seledgd  Geumid  Helengd  eufldeiT 10U (HLO6LEV
RFFpBHHMSH BID HewI(LPeTGer &M (BID Hewrentm eifleenTas &) w636
S|6ULDTCUBIH 6T
FepsHHle0 alelliby Hemeouled eumpld GuemissT LGB FauTeLHMeNF  FhdldHd
Gou6miTIgU|6TTENTEI. 6JEMLDB6NT, LG &HTHAITH6IT, FepafHuirs Q@UMRISL L UL L eITEH6NT,
o MemsEndaTsll GUITITBHLeUTHE6T 66l HFFITEOHEHET GNILLIL &HaHH6. EAH6uTeL
QITHEIT HBIGBET QUTIDHMNGBL LILISTIHHED LD SIQUDTETRIBN6F & bdd)ddl6ms6dli.
“FsaBurear 1l LG CxTaufld@id Gung
&snresd oy B Geusdr
Ceou@Crpy Meiim eumhIB W oaiTF CamBenmd
SHeiipl oG &HBCFTOBaN1 GQu@meno BuEHBsuss
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Slunelen OHMPID YEIH UIHLOTEI(LPLD
CFTebey (PIQWITLOE euTSHHWITTLLD DiigeuTmigBsueit
Cxmpsenip Ller euflenauiseoirbg

wrpe@ OFHflwmosd ipGeueir”

5605 6I6iml GFTeL6Y (LPIQUITIOR HTET ILATSEGD DIQULDTOIHIBMENS HlenSHUITS

CauefiuGHweT Heitenend H60dh sIaLMSL GLHMIOWTS GeusNlILIBIHHISMTT.
“QuiGurgd wnBrad Csl s GpiTHHTE
uefFOQFeim OFTeved ell®asCmei
upsFd erem’”

HeanbLilsbemns

aMbHmBuUled GeuBpsl QBB  WeNGTHele  aTDEHmBMWIL]  LUFLigll  UTTHSHTEL
SNTHEDHE WPOSHMOTE  RHLUS  HeIDLISHMS  Disleuenduled HallehT — HdTHITemnl
WSQD HeNIDLIGMBUID HIWFFOID 2 _enLWedT. BbHF FupHTwid Caflewwil UTTHGLD
uritemey  SHTDHSHHTE DHbHSHTevd  Caflullsd UIBha  eueniibdh  eumphsd  OCuewt — FHer
UL Hma 2 WIiTeuTasLl UMTé@&LD HlemevemUIL] Ledreu(pLd H6llend ouflaeit
eIl &I eiment.

“Ouosbelw Ljsomed BIBEBL eisHales

BTEDILD HMFHNET (LPHMBTHLI

HWS0HBHS TIDLS6T OHTHRIGLD sreiaiBLd
Car_LmigGFfullsd BCxremsussly LMBOWTES
LIPS alleneudsei BenBibd

6161 OH[HEYLD

oafleir HemL_Fuled BmULBTH

BenaihHid OB TewTIQIHE 5 BTTH6IT

b6t G&Fmevedlds Olamaniiig[hdas Gmedr

WPH6e060 SmLLGTUL”

s B GNHH eTamienauield ‘HmFsmen WBBTHL UIS0HBHH  GTEVIDLIBEN
OFHTEIGID 616 &i[B 616IHI FnDIONSH CLOGO(IPID DIOUT HEIT  DIDLWITENBIGENET  LDEDNBEHBTLOED
QeueliuGHHweienens Csfbs Csmeten (pdamg. Caf’ safer denLfulsd GmLILSTH
6T6LB6UMHLD  QFTELHIMATHET  YITL  DH  DeUT  UTTeDeUSHE — (PHeV60  SHULSTHS
FmleudHedmba auflel Heambllbensenul 2 euiThdH CBTeiTen (LplYsleTmEl.
IILSEGWPDBEHS TIHITE GI60

NHHB  DMEVBENTID  DBHBTT  DIMEVBONMTID  BAESHBULIGEMB, @HISGSHILGSB

Quewtt QenbPHer o MemdbsTsalld ampalBasrsald GurgmrG  GumgreilesT  GLewTIES6I
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o (BLosL6V.  HONEHT EeiiGeom 1 Guswieniulsh:  HHBHHIHMN  (LPTOIHHSHI, CILIGNTTIHEHBE
THTTN DNMNHEHI DL SHEH(PMBHEHHHTHD 61HTTH @mhId GHJev CBTHHH6T.

“dleMameir eTaiIpID Y BID

LOUT6OHGIT GTEIDILD [BBIG6IT

BxsL L eumenienal 6\&TEhaFmisGerT?

SleflaCen! o misereir
ApCsnits?’

ot Gl LIBHT(H  HlsLeVTLDED,

“Qmusme Gl lgwl Sefsenmul - BHIG6I
IHSMN STV &b FneWIBHG6iTC6T
UBHESS SHlgS&GLD LBeneusben - @migLl
urhdl HLsG&H yuehsn”

aeiim  QUEIBEHHGHH HenFemend &STLHHDBIT. Gwend CuemiseT el Wl
CouemiBId  6TEILIHBHTH,

“sToengll Lelled FIHeUSWTUI...........
L1601 6T 6501

SHIRIB6T WOHILSTUIS HMSH DIEMLILITIT
SToemyll yelefed eurprsy - Gzl
FIGB6IT G1HSMMMBUT LIgHHTT?”’

o6}l Heudh CHTuBHememev CeIaflILBGHHIFHMBIT. DSBTLLD 2 _MPSGHD CFWINISHGLI
‘Upur®’ etedipId  ewBUNIBLILMS  Wellbsl CLTG  UBSHHF OFmBred  ‘UMBTUIL  6T6ims
argimhensouienid  elleufiiilr. GeueuTm FEHEOSHBGID ‘LB 616im  QFTeLemeVdH  SPHlenevu sy
LWISTL[BH SHSHIB BTTH6N.

“Eareogndenmitae (WHIG elfliis STUIBHSHTe0
Sipeouwit LpGaIuTsd 2 ®mD LWpHD
STaLHmS VG OBTHIH elenyub

BT ST 15 T: 211 2 T o
bevgdma 2 g alwiTenel 6lenSHHHTe0

S5 uplun@”’

@eIeNTs FHOSHMGW ‘LB o1 CFTeven6vll LILGTLGBID 10éE6T HL6)EMhobE LI (BID

gl ‘LIBSHBL 6T 616013 LI L GHeNGH IBIGEN06M60 B&Hemen,
“FH0HHMGSI @UIngBul QLIWIT eTemBT6y
55 Caupluilsd FHenenb@Gd 61FH SbHL LBEHHL 66T
FTHW, SNHIHT D HGHPMBHG 61HTTH QHemenll LUFHe| CFUISMTT.
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Peyeny
FUPHTUSHFHED  HMEV(PHMB  HENGVIPEOBWTHL  QUTHeNTHTY  FHWTHAD, FUpHTU
Smwli  fHwmsen, SHevel BBID @GHG wWedBWlemTed @eremenId Gl 66
aumpeluied GuTITL L Bisenend HopdH Halenddel PGB OeueliliLBGdhalujemenser. SdHHL0DEH
HNMBHBET DlgHHl_ B HHeMer LswLTL (h  SieHLWTenmhisensm L GL (BLILIGI 10U (HLD6VEVTLOED
SiRITH66 aITDHEMBSH HI(PID 2 WTaIHBETe allliLenimenaluld CBTHHBBSI.
SHIH6WT  [HINBLIL_ QU160
1. SmIseedsT, Hpd SHellnsHdeled OLemeniubD, (LpHed LS. CFerener: By
Ceehafl ys ameyerd; 2008.
2. &@ieyrent, Qreblmsd, Ummd uHY. COFerener: &HTevFHa®H LS ILSID; 2018.
3. QswWlapbmsr alfl. uT. HeUdH HMe0 SevHEHUID, (WHO USHIIL. OFeiens: eusiTe &b T
ugHIusSID; 2003.
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