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25 Abstract

28 Biodiesel is recently used as a substitute for petroleum based diesel due to environmental
30 considerations and depletion of vital resources like petroleum and coal. In the present work
biodiesel was synthesized by immobilized lipase to make the process cost effective. Lipase was
33 immobilized on magnetic nanocomposite which can be easily separated from the reaction
35 medium by magnetic separation. In the present investigation lipase was immobilized on modified
37 polyaniline (PANI)-Fe;O4 magnetic nanocomposite. SEM images demonstrate the morphology
39 of modified nanocomposite with and without immobilized lipase. The modified nanocomposites
with and without immobilized lipase were further characterized with Thermogravimetric analysis
42 (TGA) and Fourier Transform Infrared (FTIR) Spectroscopy. At higher temperature the
44 immobilized lipase was more stable in comparison to its free form. Immobilized lipase retained
46 84% of its initia activity on incubation at 90 °C whereas free form became inactive at this
48 temperature. The optimum pH shifted from 7 for free lipase to 8 for the immobilized lipase. The
50 conversion yield of biodiesel was found to be 80% with the immobilized lipase while it was only
28% with free lipase. Immobilized lipase can be reused for 5 cycles with 90% retained activity
53 for biodiesel synthesis. Immobilization of lipase on polyaniline (PANI)-Fe;O4 magnetic
55 nanocomposite improved its stability towards denaturation by heat and pH. Moreover it has quite
57 efficiently catal yses the biodiesel synthesis with good operational stability.
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1.Introduction:

Biodiesel syntheses from vegetable oils have immense potential as a renewable source of energy.
A number of processes have been developed for biodiesel production involving chemical or
enzyme catalysis or supercritical CO, medium [1][2][3]. Enzymatic transesterification of
triglycerides is a good alternative to chemica process as it is a green approach of producing
renewable fuel. Enzyme catalysis has shown high purity of products due to its ecofrienldly,

selective nature and low temperature requirement 2.

In many countries biodiesel synthesized using edible and non-edible oil; however because of the
high cost of the vegetable oils biodiesel cost 1.5 times higher than fossil diesel and it limited its
wide application[3]. Therefore in the present study, waste oils chosen as the raw materials for
biodiesel synthesis.

There are many reports on biodiesel production using enzyme catalysis by free or immobilized
lipase. Immobilized lipase in particular is suitable for continuous biodiesel production because of
its ease of recovery from the reaction mixture. A great variety of lipase immobilisation methods
such as adsorption, covalent immobilization, entrapment and whole-cell biocatalyst have been
reported [4][5]. Among the various immobilization methods adsorption and covaent
immobilization methods are the most cost effective and efficient means of immoabilization.
Adsorption is one of the easiest methods but the bonding of the enzyme to the matrix is often
weak and such biocatalysts generally lack the degree of stabilization achieved by covalent
attachment. Covalent immobilization methods have the strongest enzyme-support bonding
compared with other methods. The lipase needs both firmness and flexibility, as the flexible
active center enhances its endurance towards distortions without losing activity. But strong
multipoint covalent bonding will lead to the irreversible distortion of active center and the risk of
losing function. So in the present investigation an intermediate process between adsorption and
covaent attachment has been utilized for immobilization of Aspergillus niger (RM1265) lipase

to enhance the immobilization efficiency and stability of enzyme.

Lipases immobilized on nanoparticles are an excellent catalyst for biodiesel synthesis [6]. The
magnetic nanocomposite has been utilized for immobilization as the smaller size particles will

increase the total acting surface of reacting particles in reaction mixture, moreover magnetic
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isolation of lipase make the processes is advantageous from an economic point of view. Inthe
present investigation, Aspergillus niger (RM1265) lipase was first immobilized on activated
nanocomposite then it was utilized for methanolysis of waste oil.

2. Experimental:

2.1. Chemicals

Lipase from Aspergillus niger (RM1265) was purchased from HiMedia and p-nitrophenol
pamitate was purchased from Sigma aldrich. Waste cooking oil was collected from local
restaurants. All other solvents and reagents were AR grade.

2.2. Modification of nanocomposite

Polyaniline (PANI)-Fe;O4, magnetic nanocomposite has been utilized for immobilization of
lipase which was synthesized in situ through self-polymerization of monomer aniline [7]. 59
magnetic nanocomposites were modified by refluxing it in 25 ml ethanolamine. After 3 h of
reflux nanocomposite were washed thrice with 60 ml acetone and air dried. Magnetic
nanocomposites were then activated using 25 ml 4% (w/v) glutaraldehyde in 50 mM phosphate
buffer (pH 8.0) with gentle agitation at 4 °C for 2 h. The activated magnetic nanocomposites
were washed with phosphate buffer to make it glutaraldehyde free.

2.3. Immobilization of lipase

About 25 ml lipases in 50 mM phosphate buffer (pH 8.0) was mixed with 0.1 ml of Tween 80
and stirred for 5 min followed by the addition of 5 g of magnetic nanocomposite. Hundred
milliliter of chilled acetone was added and the mixture was stirred for 30 min at 4 °C. Magnetic
nanocomposite immobilized lipase was filtered, washed with 25 ml of chilled acetone and
lyophilized.

2.4. Lipase assay

Lipase assay was done spectrophotometrically using p-nitro phenyl palmitate as the substrate]8].
One unit (U) of lipase was defined as the amount of enzyme that liberates 1 pumol of p-nitro
phenol per min under the assay conditions.

2.5. Characterizations of immobilized lipase

25.1. SEM analysis

SEM analysis of modified nanocomposite and lipase immobilized modified nanocomposite were

carried out on using HITACHI-S- 4800(type I1) instrument, Japan.
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2.5.2. Thermo Gravimetric Analysiss TGA of modified nanocomposite and lipase immobilized
modified nanocomposite were carried out using Thermal analyser -Perkin EImer Pyris-1 TGA.
25.3. FTIR Analysis: FTIR analysis of modified nanocomposite and lipase immobilized modified
nanocomposite were carried out on FT-IR Spectrometer Perkin Elmer Spectrum GX 10,000 cm™
to 370 cm™.

2.5.4. Effect of temperature and Thermostability

The effect of temperature on the free and immobilized lipase activity was determined for p-NPP
hydrolysis. The hydrolysis of p-NPP was observed at various temperatures (20-70°C), where the
p-NPP solution was preincubated to reach the desired temperature before the addition of lipase.
2.5.5. pH stability and Thermostability

The effect of pH on the free or immobilized enzymes was examined after pre-incubating the
enzyme samples at 30°C for 60 min at pH 4-11 [50 mM sodium acetate buffer (pH 4, 5), 50 mM
potassium phosphate buffer (pH 6,7), 50 mM Tris-HCI buffer (pH 8, 9), and 50 mM glycine-
NaOH buffer (pH 10, 11)]. Then the residua activity was assayed under the standard conditions.
Thermostshility of the free and immobilized lipase activity was observed by incubating in
phosphate buffer (50 mM, pH 7.0) at temperatures ranging from 30°C to 90°C for 60 min,
followed by measurement of the residual enzyme activity at 37°C. The enzyme activity of the not

incubated lipase was taken as 100%.

2.6. Biodiesel synthesis

2.6.1. Reaction setup for transesterification reaction

Transesterification reaction for biodiesel synthesis was carried out at 30°C in screw-capped vials
placed inside a reciprocal shaker. The initial reaction mixture consisted of oil: methanol molar
ratio of 1:2, t- butanol:oil volume ratio of 0.2, immobilized lipase 50 U and 200 rpm aong with
the respective controls (samples without enzyme).

2.6.2. Sampling and Analysis

Synthesis of fatty acid methyl ester was analyzed by method was modified based on hydroxamic
acid test [9].
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2.7. Operational stability of nanocomposite bound lipase

Operational stability of immobilized lipases was also observed for biodiesel synthesis. After the
completion of reaction, the immobilized lipases were collected by centrifugation at 5,000 rpm for
10 min and washed with hexane in order to remove the reactants adsorbed on matrix. Then the
immobilized lipases were resuspended in the same composition of freshly prepared reaction

mixture to start a new run and the supernatant was assayed for biodiesel synthesis.

3. Result and discussion:

3.1. Immobilization of enzyme

Immobilization of lipase was carried out on modified crosslinked nanocomposite, where the
immobilization yield of lipase on was estimated by calculating the specific activity of respective
lipases before and after binding to nanocomposite. Lipase showed 85% immobilization on
modified cross linked aminated nanocomposite. The present result of immobilization yield is
higher than those earlier reports [10][11]. Covaent attachment is the most efficient method of
enzyme immobilization, but because of strong multi-interactions between the enzyme and
support, sometimes distortions of enzymes occur that lead to denaturation and loss of enzyme
activity. In the present immobilization process first ethanolamine was adsorbed on
nanocomposite and then it was treated with glutaraldehyde followed by enzyme immobilization.
So this process is not completely covalent attachment therefore lipase is efficiently immobilized
on activated nanocomposite without losing its enzyme activity. It was observed that the activated
nanocomposite enhances the immobilization yield and thermostability of lipase.

3.2. SEM analysis of modified nanocomposite and lipase immobilized on modified
nanocomposite

Scanning electron microscopy is widely used to study the morphological features and surface
characteristics of catalyst surface. The magnetic nanocomposite of Polyaniline/FesO, are
analyzed by SEM after activation with ethanolamine and glutaraldehyde as shown in Figure(1a).
In Figure(1a) polyaniline-FesO4 has heterogeneous surface, there is whitish cluster of Fe;O,
nanoparticles on the dark greyish surface of polyaniline that we have used earlier for degradation
of dyes[7]. The SEM micrographs of magnetic nanocomposite of polyaniline/Fe;O, also showed
surface texture and porosity in figure 1(a).The magnetic nanocomposite of polyaniline/FesO, are
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analyzed by SEM after the enzyme immoblisation as shown in Figure 1b. The figure 1(b) shows
increased in surface texture and porosity, that’s mainly due to successfully binding of the
enzyme substrate with the surface. So, we easily distinguished figure 1(a) and 1(b) from their
porosity and concluded successful enzyme immobilisation on modified polyaniline/ Fe;O4

catalyst nanocomposite.

5 e

S-4800 20 0k 11 dmm =600k SE(M) 12311/2018 13:06 S00nm

Figure 1la SEM of magnetic nanocomposite of polyaniline/Fe;sO, modified after treatment with
ethanolamine and glutaraldehyde

S-4800 20.0kV 11.49mm »x10.0k SE(M)

Figure 1b: SEM of lipase immobilized modified magnetic nanocomposite of polyaniline/Fe;O,.
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3.3. TGA of activated nanocomposite and lipase immobilized on activated hanocomposite

Thermogravimetric analysis (TGA) is very practical tool to extract structure-related information
of the materials. In present investigation thermal analyses reveal that the modified polyaniline
and enzyme immobilized polyaniline are thermally labile materias, as shown in figure 2a and
2b. The initiadl weight loss around 200 °C was mainly due to evaporation of water and low
molecular weight species. The second weight loss 220 to 300 °C was associated with the doping
agent degradation. The weight loss around 400 to 500 °C was associated with degradation of
polyaniline. Beyond 500 °C Fe;O, was decomposed from covaently bonded Polyaniline. This
trend was observed in both the Figure 2a (Polyaniline- Fe30,4) and Figure 2b (Polyaniline- Fe;O4
enzyme nanocomposite). But weight loss is slightly more in Figure 2b that is due to use of

enzymein areaction.
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Figure 2a: TGA curve of magnetic nanocomposite of polyaniline/Fe;O, modified after treatment
with ethanolamine and glutaraldehyde
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Figure 2b: TGA curve of lipase immobilized modified magnetic nanocomposite of
polyaniline/Fe30.,.

3.4. FT-IR analysis of activated nanocomposite and lipase immobilized on activated
nanocomposite

The FT-IR spectra of activated PANI-Fe;0O4 nanocomposite and enzyme immobilized PANI-
Fe;0,4 nanocomposite are shown in figure 3a and 3b respectively. It shows absorption band at
468 cm™, due to Fe-O stretching vibration. The peaks found at 3408, 1112 and 1070 may be
assigned to N-H stretching and C-N stretching vibration respectively. The peak appeared at
1633 and 1620 cm™* are due to C=C stretching vibration in aromatic ring of aniline. Almost all
the peaks are common in both the Figure 3a and Figure 3b except for peak at 2854 cm™ which
may assigned to C-H stretching vibration of aldehyde group. This is because activated PANI-
Fe;O4 nanocomposite has free aldehyde group which is utilized for lipase immobilization in
enzyme immobilized PANI-Fe;O4 nanocomposite. So FTIR anaysis showed the efficient

enzyme immobilization on PANI-Fe;0O4 nanocomposite.
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3.5. Effect of temperature on lipase activity

Application of lipases in chemical synthesis, especially biodiesel production, often leads to
therma inactivation due to denaturation of the protein. Figure 4 illustrates the effect of
temperatures on free as well as immobilized enzyme. It has been observed that the free and
immobilized lipases had almost same activity up to 40 °C while at higher temperature the
immobilized lipases were more stable and showed a slight increase in activity. This may be
because immobilization of enzymes by multiple point binding resulted in an increase of enzyme
rigidity, which is commonly reflected by increase in stability towards thermal denaturation. This

result isin consistent with earlier reports [11].

== Free Lipase == Immobilized lipase

Relative Activity (%)
v
o

O T T T 1
20 40 60 80

Temperature (°C)

o

Figure 4: Effect of temperature on free and immobilized lipase. Data are represented as the mean

+ standard deviation of three replications.

3.6. Thermostability of free and immobilized lipases

Thermal stability of an enzyme has immense importance for its potential industrial applications.
The thermal stability of immobilized enzymes used to increase on attachment to a rigid support.
In the present study thermal stability of the soluble and immobilized lipase was studied at
various temperatures from 30°C to 90°C (Figure 5). It was observed that free lipase activity
decreased after 40°C and became inactive beyond 60°C while the immobilized lipase was
completely retained its activity. It has been observed that even at 90°C, after one hour of

incubation, the immobilized lipase retained 84% of its initial activity, whereas the free lipase
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became inactive far before this temperature. Although there are severa previous reports where
immobilized lipase was stable in comparison to its free form but the thermal stability observed in

the present study was found to be very much improved than the earlier reports [12] [13].

Thermal stability depends on the strength of bonds formed between the enzyme and the support
which prevent its unfolding at higher temperature. The thermal stability of immobilized enzymes

might be drastically increased due to its strong attachment to activated magnetic nanocomposite.

—eo—Free lipase —@—Immobilized lipase

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

0 \ . \ . 4 4 +

20 30 40 50 60 70 80 90 100
Temperatute(°C)

Relative activity (%)

Figure 5: Thermostability of free and immobilized lipase. Data are represented as the mean +

standard deviation of three replications.

3.7. Effect of pH on lipase activity

Immobilization of enzyme may attribute to the conformational changes of enzyme resulting in a
variation of optimum pH. According to the present observation free as well as immobilized
lipases remained stable in the pH range from 4 to 7. pH 8 onwards immobilized lipase retained
activity, while free lipase started deactivating (Figure 6). This higher stability of immobilized
lipase may be due to the bonding between enzyme and activated magnetic nanocomposite, which

prevent the denaturation of enzyme at basic pH [14].
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Figure 6: Effect of pH on free and immobilized lipase. Data are represented as the mean +

standard deviation of three replications.

3.8. Kinetic parameters of free and immobilized lipases

The kinetic constants Vmax and Km were calculated from the double reciprocal plots shown in
Figure 7. Free lipase showed Km values of 0.4mM and Vmax 1.5 U/mg, while immobilized
lipase had Km value of 0.27 mM and Vmax 1.4 U/mg. The decrease in km vaue showed that
immobilization had increased the affinity of enzyme for the substrate, which was in agreement
with those obtained previously [15][16]. In general, Vmax values of enzymes exhibit a decrease

on immobilization; which isin accordance with the other similar results [15].
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Figure 7: Lineweaver—Burk plots for free and immobilized lipase
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3.9. Synthesis of biodiesal by free and immobilized lipases

The capacity of the immobilized and the free lipases to catalyze biodiesel synthesis in solvent
free system was investigated (Figure 8). The results showed that a higher percentage conversion
of 80% was obtained with the immobilized lipase; however, the conversion percentage does not
exceed 28% using the free lipase after 30h of reaction time. This result was found to be improved
than those earlier reported ones [17]. The enhanced efficiency of immobilized lipase for
biodiesel synthesis may result from multipoint attachment between lipase and the activated

nanocomposite, which prevents distortions of enzymes in reaction mixture.

=@==immobilized =f=free
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% Synthesis

Figure 8: Biodiesel synthesis with free and immobilized lipase. Data are represented as the mean

+ standard deviation of three replications.

3.10. Operational stability of immobilized lipases

Asapotential industrial enzyme, operational stability of the immobilized lipase is very important
parameter for the economy of the process. Immobilized lipase could be reused up to five cycles,
with amost 90% retention of its original activity (Figure 9), which isfound to be improved when
compared with the other reports[18][19][20]. The good operational stability may be due to the
strong interaction between enzyme and the matrix. The strong interaction can be further
attributed to the formation of Schiff’s base between free aldehyde groups of glutaraldehyde
treated nanocomposite and the side-chain amino groups of the enzyme. Significant stability of
lipase immobilized on nanocomposite in organic solvent ensured good reuse capacity for
biodiesal synthesis.
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Figure 9: Operational stability of immobilized lipases for biodiesel synthesis. Data are

represented as the mean + standard deviation of three replications.

Conclusion:

Immobilization of lipase has been attempted successfully on polyaniline (PANI)-
FesO4 magnetic nanocomposite activated with ethanolamine followed by cross linking with
glutaraldehyde. Immobilization has been carried out using adsorption technique that causes less
damage to the catalytic activity of the enzyme. In the present investigation it has been seen that
the immobilized lipases exhibited quite improved tolerance against thermal denaturation than
free forms. The use of thermostable enzymes in chemical reactions to be performed at higher
temperature leads to completion of reaction in shorter times. The immobilized lipases aso
showed enhanced activities for biodiesal synthesis than free forms, which undoubtedly explain
the rationale for using immobilized lipase in organic synthesis. Furthermore, the immobilized
lipase aso exhibited quite well operational stability for biodiesel synthesis. Altogether, these
results confirmed that the polyaniline (PANI)-Fe;O, magnetic nanocomposite is a potentia
support in the enzyme immobilization technology especialy for catalyzing reactions in organic
media.
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Lipase has been immobilized on magnetic nanocomposite (modified polyaniline
(PANI)—Fe304 magnetic nanocomposite) which can be easily separated from the reaction
medium by magnetic separation.

SEM was carried out to study the morphology of modified nanocomposite with and
without immobilized lipase.

Modified nanocomposites with and without immobilized lipase were also characterized
with Thermogravimetric analysis (TGA) and Fourier Transform Infrared (FTIR)
Spectroscopy.

Immobilized lipase was found to be more thermostable than its free form.

The optimum pH and temperature for the immobilized lipase on modified polyaniline
(PANI)—Fe304 magnetic nanocomposite were also studied.

The conversion yield of biodiesel was found to be 80% with the lipase immobilized on
modified polyaniline (PANI)—Fe3O4 magnetic nanocomposite while it was only 28%
with free lipase.
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ABSTRACT

The present investigation report is a novel method for the removal of Congo red (CR) dye from an
aqueous solution. In present investigation cobalt ferrite (CoFe;0,) thin film was deposited on glass
substrate by using chemical bath deposition method. It was successfully prepared while nanostructure
of thin film was confirmed by SEM and XRD characterization method. The magnetic property of the
film was confirmed by VSM (Vibrating sample magnetometer). The average crystal size calculated by
Scherrer formula from XRD analysis is 28 nm. Prepared thin film was then applied for photocatalytic
degradation of Congo red dye by dipping it in aqueous solution. Different parameters like contact
time, different initial conc. and pH have been studied to optimize reaction condition. The optimum

conditions for the removal of the dye are initial concentration 30 mg L, contact time 120 min and pH
7.

Graphical Abstract

SEM micrograph of prepared CoFe,0; thin film

Keywords: Congo red dye, cobalt ferrite, SEM and XRD, VSM.
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INTRODUCTION

Azo dyes are synthetic dyes, having an azo group (-N=N-) in the structure. Azo dyes are commonly
utilized for dyeing textiles and leather. Some azo dyes may engender carcinogenic aromatic amines
under certain conditions [1]. Most of those colored dyes are synthetic in nature and are conventionally
composed of aromatic rings in their molecular structure, which makes them carcinogenic, mutagenic,
inert, and non-biodegradable when discharged into aqueous streams without felicitous treatment.
Therefore, the abstraction of such colored agents from the polluted aqueous stream is very exigent
predicated on the point of human health and environmental resource auspice [2, 3].

Chemical bath deposition (CBD) is a very simple method has been used for preparation of Nano
thin films. In this method only important thing is to maintain proper condition for the preparation of
thin films. Several researchers have been using this method for the preparation of Nano thin films
[4-10].

Photocatalytic degradation of organic pollutants especially dyes are carried out using catalyst in
powder form. But during the recovery of this catalyst after experiment loss takes place. To overcome
this shortcoming best alternative is use of thin film for the degradation of dyes. By using thin films
several researchers have carried photocatalytic removal of pollutants [11-16].But in this report we
have used magnetic nano thin film which is very different from other researcher work.

MATERIALS AND METHODS

All chemicals used were analytical grade. The stock solution 1000 mgL™" of dye was prepared in
distilled water. 100 mL of dye solution of the desired concentration was prepared from stock solution.
In 100 mL of Congo red dye solution of a different concentration prepared thin film is dipped. Then
dipped thin film, dye solution was irradiated with mercury lamp to provide energy to excite CoFe,O,
thin film molecule in the reactor. At specific time intervals suitable aliquot of the sample is withdrawn
and analyzed after centrifugation. The changes of dye concentration are determined by UV-Visible
double beam spectrophotometer (Systronics model-2203) at A max 510 nm in our laboratory.

Synthesis: Alkaline bath for cobalt ferrite thin films was prepared by A.R. grade chemicals using
double distilled water. Bath consist of 0.1 M solution of CoCl, 6H,0 and 0.2 M solution of FeCl;
6H,0. These salts were used as source of Co™ and Feions by adding NH,OH solution made the bath
alkaline up to pH-11. The deposition of film was carried out on glass substrate. The glass substrate
etched with 2 % dilutes HCI for approximately 20 Sec and ultrasonically cleaned with double distilled
water. Finally substrate was dried in air.

The washed and dried glass substrate was immersed in combined alkaline cobalt (II) chloride and
iron (III) chloride solution bath. When bath attains the temp of 70°C the precipitate of mixed solution
was settled. During the precipitation heterogeneous reaction occurred on the substrate and deposition
of cobalt ferrite takes place on the substrate. The film formation started after about 10 min and
completed in 120 min at 70°C. Cobalt and iron hydroxides adsorbed onto the substrate during the
process.

CoCl, + 2FeCl; + § NH,OH — CoFe,0O4 + 8 NH,Cl + 4H,0

Then this film is dried in hot air and annealed at 500° C for 4 h to form pure cobalt ferrite with
cubic Spinel phase, removing any hydroxide content and complete crystallization of the film takes
place.
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RESULTS AND DISCUSSION

X-ray Diffractometry (XRD): The XRD diagram of CoFe,0, is as shown in fig-1.It shows main
peak at 35.58" and subsidiary peak at 43.73°, 64.45° It shows match scan with JCPDS card NO-
221086 at radiation of 1.54 A’.The intensity of peaks indicates the crystallinity of CoFe,O,.The
average particle size of CoFe,0y4 is estimated by Scherer formula is 28 nm.
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Figure 1. XRD analysis of prepared CoFe;O; thin film.

Scanning electron microscopy (SEM): The CoFe,O, Nano thin film is analyzed by SEM before fig
2(a) and after photocatalytic degradation of CR dye is shown in the fig 2(b). It shows SEM
micrographs of CoFe,04. Fig-2(a) shows surface texture and whitish cluster on CoFe,O, thin film. It
has homogeneous surfaced, some microspores as seen from its surface micrographs. It is black-
whitish in color, Fig-2 (b) shows after photo degradation of CR on CoFe,04 surface. The thin film
surface is similar to before photocatalytic degradation.

$8-4800 15.0kV 8.3mm

Figure 2. (a) and (b) SEM micrograph of prepared CoFe,0O, thin film

Vibrating sample magnetometer (VSM) Analysis: The magnetic property of CoFe,O, Nano thin
film was analyzed at R.T by VSM (Vibrating sample magnetometer) at an applied field of 10,000
Gauss. The value of saturation magnetization is 36.5 emu g . It is shown in the curve of the fig 3. So
this magnetization curve of the sample shows a ferromagnetic behavior, with hysteresis. The magnetic
property of nanocomposite is dependent on the sample shape, crystallinity; therefore it can be adjusted
to obtain optimum property.
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Parametric Studies: The photocatalytic degradation of Congo red dye was studied at A max 510
nm. The utmost condition for removal of dyes is 30 mg L', pH 7 and prepared CoFe,0 thin film. The
results obtained during this study are represented in (Fig 4-6).

Magnetization

2
2
-A8
~0000 5000 . 5000 10000
Maguetic Field (Ganss)

Figure 3. VSM analysis of CoFe,O4 Nano thin films (Hysteresis loop).

Effect of pH: The photocatalytic degradation of Congo red dye was studied at different pH values as
it is an important parameter for reaction taking place on the particular surface. The role of pH in
photocatalytic degradation of dye was studied in the pH range 0-11 at dye concentration 30 mg L. It
is observed that the rate of photocatalytic degradation enhanced with an increase in pH up to 7 as
shown in the (Fig-4). As the pH increases, dye surface becomes basic. In this basic form it forms a
bond with CoFe,0; thin film. When the pH increases onwards 7 the repulsion of the dye molecules by
CoFe,04 surface would result in reduction in efficiency of degradation of CR.
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Figure 4. Effect of pH on removal of Congo red dye by CoFe,O, thin film.

Effect of initial dye concentration: The rate of degradation of Congo red dye was studied by varying
the dye concentration from 10 to 100 mg L' because of fixed catalyst concentration active sites
remains the same. With the increase of the initial Congo red concentrations, the Congo red molecules
get accumulated on the surface of CoFe,O,4 thin film. However, quenching between these excited
Congo red molecules irradiated by visible light will takes place. The quenching probability could also
increase with the increase of the initial Congo red concentrations. Consequently, the photocatalytic
efficiency of the Congo red dye solution was decreased with the increase of the initial Congo red
concentrations is shown in the (Fig 5).
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Figure 5. Effect of initial concentration of Congo red dye on % degradation at pH 7.

Effect of contact time: The effect of contact time for the photocatalytic degradation of CR dye by
CoFe,0;4 thin film as shown in the (Fig 6).The dye is slowly degraded in first 30 min and then
degradation rate increases rapidly and reaches equilibrium in about 130 min. The rate of degradation
of dye is initially slow because the surface of CoFe,0, thin film is not efficiently activated, as the thin
film surface get activated rate of degradation of dye increases rapidly.
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Figure 6. Effect of contact time on % degradation of Congo red at pH 7.
APPLICATION

The results indicate that this magnetic nano thin film has great potentials to be used as water
purification media, where the potential of this material can be further modified to increase its
degradation capacity towards targeted compounds. So this magnetic nano thin film can be
successfully applied for the removal carcinogenic Congo red dye from an aqueous solution.

CONCLUSIONS

Azo dyes are one of the major contaminants present in industrial wastewater. It enters the
environment when released through waste water and exerts detrimental effects on flora and fauna.
The proposed nanomaterial found to be useful for the waste water purification. The prepared
magnetic nano thin film was successfully applied for the removal carcinogenic Congo red dye from
an aqueous solution. This magnetic nano thin film has great potentials to be used as water purification
media, where the potential of this material can be further modified to increase its degradation capacity
towards targeted compounds.
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NEELIKON FOOD DYES AND CHEMICALS LTD.
OVERVIEW OF THE TRIP

G. T.PATIL COLLEGE NANDURBAR had organized an industrial visit on 8" March 2018 to
NEELIKON FOOD DYES AND CHEMICALS LTD. ROHA 120 km from Mumbai for the
students of T. Y. B. Sc. Chemistry.

History

Neelikon Dyestuffs was founded in 1983 by Mukund Turakhia and was incorporated into the present company in
1994, as Neelikon Food Dyes and Chemicals Ltd.j Neelikon manufactures colours from its plants in Dhatav), ( roha
'around 120 km from Mumbai (formerly Bombay) and manages its business from its head office in Mumbai, India.

Neelikon has emerged as a prime manufacturer of high quality dyes, pigments & lakes for food, pharmaceutical,
cosmetic, personal care, home care, stationary and inkjet ink industries. It also produces specialty [Tuorcscent

dyes used in manufacturing of daylight fluorescent pigments and other specialty industrial applications. The
majority of its production is exported around the world. Neelikon is regarded as one of the top three producers in the
world for food colours, cosmetic pigments and fluorescent dves.

Neelikon colours are sold in more than 100 countries.

Neelikon is an ISO 9001 : 2008, FSSC 22000 (ISO 22000 + PAS220) & GMP Certified Company
Neelikon colours are: Halal, Kosher, ISI & Non-GMO certified.

Neelikon is REACH compliant.

People

Neelikon’s emergence as a major dye producer is attributed to its Managing Director, Mukund Turakhia. Mr.
Turakhia is a renowned Chemical Engineer, with a 50-year association in the dyestuffs and chemical industry. He
was responsible for introducing indigenous technology for the production of food dye in India in 1973-1974. For
this, he was presented a National Award from the President of India. He has also received the Highest Export Award
from CHEMEXCIL - A Government of India Export Promogion Council, for the export of Synthetic Indigo Dye
(1977-1978).

Research
At Neelikon, Research & Development is a continuous process, for better quality and a wider product range. The

R&D drive at Neelikon has borne rich fruits. It has enabled Neelikon to introduce many products for the first time
from the Asian market. In-house technology and manufacturing allows Neelikon to provide:

Consistent quality and regular supply

Technical back-up to meet specific customer requirements

A product that anticipates potential regulatory changes and meets regulatory requirements, by constantly
exceeding quality and purity standards

Constant new product development, to meet specific customer requirements

Competitive prices

Neelikon has also made the quantum leap in becoming a major producer of lake and US FDA certified FD&C and
D&C dyes and lakes. It is one of the few companies outside of North America that produ<_:es fqod, pharmaceuti;al
and cosmetic colours that meet the regulations laid down by the US Food & Drug Administration (FDA). Neelikon

has a very successful record of certification from US FDA since more than 25+ years.
)
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Achievements

Neelikon is regarded as one of the top three producers in the world for food colours, cosmetic pigments and
fluorescent dyes. The company is awarded by SICOM and Lalit Doshi Memorial Additional Award for outstanding
performance for year 2004-2005.

The company has also been awarded as the Best Manufacturer-Exporter Award at the ECGC — D&B Indian
exporters Excellence Award 2012

Quality

Along with pursuing technological excellence, it is Neelikon's philosophy to never compromise on quality. The
company has a state-of-the-art laboratory with highly qualified and experienced chemists. Neelikon maintains strict
quality checks for all its products. Every order has highly specialized product features and may differ to a varying
degree in physical appearance, powder size, pH of 1% solution, etc. The company maintains proper records for each
of its clients and ensures that the products meet such specific customer requirements. For the Lakes, Neelikon has

developed an in-house testing procedure, which allows each batch to be accurately matched with standards for shade

and colour strength.

Testing parameters and procedures are in concurrence with the legislation of the different countries e g.

Europe (EC),

US FDA (CFR),

JECFA (WHO),

FCC (Food chemical CODEX),

Japan,

BIS (India),

EN 71/3 for 19 trace elements

and any country whose specifications may be different than the ones stated.

Neelikon has a state of the art instrumentation laboratory with latest instruments like

HPLC (High Performance Liquid Chromatography), J

ICP-OES (Inductively Coupled Plasma Optical Emission Spectrometer),
UV Visible Spectrophotometer,

Colour Matching Spectrophotometer,

Particle Size Analyser,

Gas Chromatography,

Ion Chromatography.

The Company has a well-equipped micro biological laboratory with all the latest equipment. Thus the company has
all required laboratory facilities in house to test all physical, chemical and micro-biological parameters. Neelikon
has an enviable track record with US FDA for 25+ years.

Distribution

In 1990, Neelikon began colouring the globe, when it started exporting ‘Neelicol’ brandwater-soluble food Colours.
Neelikon is strengthening its presence in India and the world market by associating with organizations, which have
shared ideals and aspirations. Today, the majority of its production is exported all around the world. In order to
broaden its base, Neelikon has established a network of agents and distributors in many international markets and is
expanding its home market in India. Every agent and distributor is carefully chosen to serve customer requirements
effectively and efficiently.
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4) DESCRIPTION

a) Raw materials

Raw materials used for azo dye are phenol, aniline, NaNO,, HCl, Ice.
Raw materials are stored in store room.

b) Diazotization reaction

Aniline is treated with sodium nitrite and Hclat Oto 5 %C to form diazo salt.

¢) Coupling reaction

Diazo salt is coupled with phenol to form corresponding dye as shown above in reaction.

d) Crystallization

The product is allowed to crystallize of a suitable size crystals.

e) Filtration

The crystals are filtered from mother liquor by centrifugation technique.
f) Drying

The crystals are dried in an oven and then pulverised to powdered form. The iron impurities in
powdered form are removed by magnetic separation method.

g) Packaging

Neelikon Colours are available in a variety of packaging options, all made from the finest quality
material, in order to ensure that they are sea-worthy and safe for export as well as local
transportation.

Packaging options vary from 0.50 (half) kg, 1 kg, 5 kg, 12.50 kg, 25 kg.

Neelikon is flexible to support distributors and customers with convenient packing options in
terms of weight and type of packaging material.

Neelikon can also supply colours pre-packed into specific weighed packs which are ready for
direct use into the final product formulation.




h) Distribution

In 1990, Neelikon began colouring the globe, when it started exporting ‘Neelicol’ brandwater-
soluble food Colours. Neelikon is strengthening its presence in India and the world market by
associating with organizations, which have shared ideals and aspirations. Today, the majority of
its production is exported all around the world. In order to broaden its base, Neelikon has
established a network of agents and distributors in many international markets and is expanding

its home market in India. Every agent and distributor is carefully chosen to serve customer
requirements effectively and efficiently.
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Activity / Programme Report

Academic Year: 2018-20%9

! Name of Activity/Programme field work/Study Tour
2 | Date And Time 26™ and 27" February, 2019
3 | Visit Place Devmogra, Sardar Sarovar Dam, Kuber Bhandar and Poicha,

Gujarat, India

Field trips serve one vital function as far as education is concerned. Field
trips link the classroom experience with the outside world in so doing they
4 | Site Description not only improve learning, but also give both the students and educators
valued practical experience. The field trip we took the students was an
interesting one judging by the varied lessons that we had to receive.

Field visit helps in understanding various geographical concepts elements
and process through direct experiences. It improves the process of
information gathering, as students are able to step outside their imagined
perceptions to collect their experiences as the data for the knowledge
founded on interpretation. The trips deal with the spatial relations among
data and the time relationships like the cultural history or geological
processes.

Aims of the Activity

6 | No of students and teachers Boys: 21 Girls: 18  Faculty: 02 Total: 43

present
7 | Detail report of the The department of Geography had arranged an educational tour for
programme /activity completing the field work of second and third year B.A / B.Sc students as

per kbenmu curriculum. A few members of our team went to collect some
Sardar Sarover data from along with the teacher. The teachers of our
college discussed the historical and cultural aspects of Devmogra and
Nilkanthdam.Devmogra is a Village in Sagbara Taluka in Narmada District
of Gujarat State, India. It is located 46 KM towards South from District
head quarters Rajpipla. 14 KM from Sagbara. 249 KM from State capital
Gandhinagar Devmogra Local Language is Gujarati. The statue and its
surroundings occupy more than 2 hectares (4.9 acres).[citation needed] and
are surrounded by a 12 km (7.5 mi) long artificial lake formed by the
Garudeshwar weir downstream on the Narmada river.
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8 | Conclusions and The fieldwork enabled the students to understand the topography of the
Recommendations geographical area in conjunction with the population dynamics. It gave a
firsthand experience to young geographers in handling and extrapolating
geographical data with local realities. It improves the process of
information gathering, as students are able to step outside their imagined
perceptions to collect their experiences as the data for the knowledge
founded on interpretation. Awareness programme should be brought to the
local people of the area concerning the agricultural practices and allied
activities to safeguard the health of the stream.

Photograph of the activity / programme:
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Prof. S.D. Borse
(Subject Teacher & Tour in charge) Head
Department of Geography



G.T.Patil Arts, Commerce and Science College Nandurbar, Dist. Nandurbar
Department of Geography
Year -2018-2019

PREFACE

We are very glad to submit this tour report, after excursion in Devmogra, Sardar Sarovar
Dam, Kuber Bhandar and Poicha. Gujarat, India. Excursion is a part of Geography study. Field
work and observation help to us understanding Geographical facts and their relathion with our
life.

The excursion is very successful and beneficial because of the guidance and planning of
our teacher in charge Prof. S.D. Borse, Prof. R.R. Deore Assistant Professor, Department of
Geography.

We are very grateful to Prin. Dr. Prof. V.S. Shrivastav, Dr. N.S.Pawar, Head,
Department of Geography. Prof. S.D. Borse . Prof. .F.R. Khandekar, Prof. A.R. Buyar, Prof.
M.B. Patil, Prof. R.R. Deore, Prof. K.M. Warude. Dr. S.S. Bhavsar and non teaching staff for

their valuable coordination.

Place: Nandurbar

Date: / /2019

Student Name:
Roll No.
Class: 5 Y.B.5c
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INTRODUCTION

Geography is fundamental to the study fo tourism, beause tourism is geographical in
nature. Tourism occurs in place, it involves moment and activities between places and it is an
activity in which both place cjaracteristics and personal self-identities are formed, through the
relationships that are created among places, landscaps and people. Physical geography provides
the essential background, against which tourism places are created and environment impacts and
concers are major issues that must be considerd in managing the development of tourism places.

Our civilization is greatest in the world because our country is only an example of the
unity in divest. It has also and example of secularism. Men and Women of many religious,
castes, sects, living together. So we are proud of its rich and various heritages. It is also
glimpses of the cultural variety dressing, food. Language, tradition and custom. All these things
are observed and analyzed geographically.

Devmogra:

Devmogra is a Village in Sagbara Taluka in Narmada District of Gujarat State, India. It is
located 46 KM towards South from District head quarters Rajpipla. 14 KM from Sagbara. 249
KM from State capital Gandhinagar Devmogra Local Language is Gujarati. Devmogra Village
Total population is 668 and number of houses are 106. Female Population is 50.4%. Village
literacy rate is 74.0% and the Female Literacy rate is 36.4%..Devmogra Pin code is 393050 and
postal head office is Sagbara .Amiyar ( 7 KM ) . Chopadvav ( 7 KM ) . Patvali ( 8 KM ) ,
Sagbara ( 9 KM ) , Gangapur ( 9 KM ) are the ncarby Villages to Devmogra. Devmogra is
surrounded by Dediyapada Taluka towards west , Akkalkuwa Taluka towards East , Umarpada
Taluka towards west , Nandod Taluka towards North .Rajpipla . Songadh . Nandurbar , Vyara
are the near by Cities to Devmogra.

Minavada Dashama Temple, Kathlal :

The temple is situated at minavada kathlal Gujarat. The temple of dashama very much
famous in locals. Many devotees visit this temple every vear. People have faith on this
temple.The temple is situated at minavada kathlal Gujarat. The temple of dashama very much
famous in locals Many devotees visit this temple every year. People have faith on this temple.
The temple is famous in locals. Many devotees visit this temple every year. During festival

season its best time to visit this temple.



About Nilkanth Dham Swaminarayan Temple:

Nilkanth Dham Swaminarayan Temple is located at Poicha village on the bank of river
Narmada which is about 80 kms from Bharuch and 60KM from Vadodara. It is beautiful
swaminarayan temple constructed in large area and one of the most amazing pilgrimage attracts
people around Gujarat.

You can have divine experience by visiting Sahajanand universe, Nilkanth dham and
surrounding. The place is very well connected from Vadodara (Baroda) or Bharuch and can be
reached from any of the below routes: The Nilkanthdham Swaminarayan Temple is located in
Poicha village near Rajpipla Narmada District in Gujarat. This temple was built in 2013 and built
under taken shree vadtal Swaminarayan temple. In The Evening time Nice and attractive
Lighting Decoration is most beautiful View temple. Many visitors visit this temple daily. Now a
day’s Nilkanthdham Dham Built a New Sahjanand University .1t is Very Interesting and
attractive Place. In this sahjanand University.

A Big Idol of Lord Swaminarayan .The ldol's height is 152Ft.Sahjanand University is
Spread 24 Acers land .Sahjanand University Timing is 11:00 Am to 8:00 Pm. The water
surrounding the temple makes it outstanding and eve soothing. Aarti and light decoration in the
evening makes the place surreal and divine. completely beautiful and the Nilkanth Dham
Swaminarayan and to all God’s will be in the morning 108 avtar To100% very good condition.

All around the year you can go for visit the Temple. Make sure before you go please
conform that the temple is open for visitor incase the temple closed for the any reason. The Statue
of Unity is a colossal statue of Indian statesman and independence activist Sardar Vallabhbhai
Patel (1875--1950) who was the first Home minister of independent India and the chief adherent
of Mahatma Gandhi during the non-violent Indian Independence movement; highly respected for
his leadership in uniting the 562 princely states of India to form the single large Union of India.
It is located in the state of Gujarat. India. It is the world's tallest statue with a height of 182
metres (597 ft). It is located on a river island facing the Sardar Sarovar Dam on river Narmada in

Kevadiya colony, 100 kilometres (62 mi) southeast of the city of Vadodara.




FEATURES:

The project was first announced in 2010 and the construction of statue started in October
2013 by Larsen & Toubro, who received the contract for 112,989 crore (US$420 million). It was
designed by Indian sculptor Ram V. Sutar, and was inaugurated by Indian Prime Minister
Narendra Modi on 31 October 2018, the 143rd anniversary of Patel's birth. .The Statue of Unity
is the world's tallest statue at 182 metres (597 tt).

It rises 34 metres (177 ft) higher than the previous record holder, the Spring Temple
Buddha in China's Henan province.[30] Within India, the record was earlier held by the 41 m
(135 ft) statue of Hanuman at the Paritala Anjaneya Temple near Vijayawada in the state of
Andhra Pradesh. The statue can be seen within a 7 km (4.3 mi) radius.The monument is
constructed on a river island named Sadhu Bet. 3.2 km (2.0 mi) away from and facing the
E\Earmadal Dam downstream.

The statue and its surroundings occupy more than 2 hectares (4.9 acres).|citation needed]
and are surrounded by a 12 km (7.5 mi) long artificial lake formed by the Garudeshwar weir
downstream on the Narmada river.The statue is divided into five zones of which only three are
accessible to the public. From its base to the level of Patel's shins is the first zone which has
three levels and includes an exhibition area. mezzanine and roof. Zone | contains a memorial
oarden and a museum. The second zone reaches up to Patel's thighs at 149 metres, while the third

&

extends up to the viewing gallery at 153 metres. Zone 4 is the maintenance area while the final

7



zone comprises the head and shoulders of the statue. The museum in zone 1 catalogues the life of
Sardar Patel and his contributions. An adjoining audio-visual gallery provides a 15 minute
presentation on Patel and also describes the tribal culture of the state. The concrete towers which
form the statue's legs contain two elevators each. Each lift can carry 26 people at a time to the
viewing gallery in just over 30 seconds. The gallery is located at a height of 153 metres (502 ft)
and can hold up to 200 people

Sardar Sarovar Dam

The Sardar Sarovar Dam is a gravity dam on the Narmada river near Navagam, Gujarat in
India. Four Indian states, Gujarat, Madhya Pradesh, Maharastra and Rajasthan. receive water and
electricity supplied from the dam. The foundation stone of the project was laid out by Prime
Minister Jawaharlal Nehru on 5 April 1961.

The project took form in 1979 as part of a development scheme to increase irrigation and
produce hydroelectricity. The dam was inaugurated by Prime Minister Modi on 17 September
2017.0ne of the 30 dams planned on river Narmada, Sardar Sarovar Dam (SSD) is the largest
structure to be built. It is one of the largest dams in the world.

It is a part of the Narmada Valley Project, a large hydraulic engineering project
involving the construction of a series of large irrigation and hydroelectric multi-purpose dams on
the Narmada River. Following a number of controversial cases before the Supreme Court of
India (1999, 2000. 2003), by 2014 the Narmada Control Authority had approved a series of
changes in the final height and the associated displacement caused by the increased reservoir,
from the original 80 m (260 ft) to a final 163 m (535 ft) from foundation. The project will irrigate
more than 18.000 km2 (6.900 sq mi), most of it in drought prone areas of Kutch and Saurashtra.
The dam's main power plant houses six 200 MW Francis pump-turbines to generate clectricity
and include a pumped-storage capability. Additionally, a power plant on the intake for the main
canal contains five 50 MW Kaplan turbine-generators.

The total installed capacity of the power facilities is 1.450 MW.The dam irrigates 17.920
km2 (6.920 sq mi) of land spread over 12 districts. 62 talukas, and 3.393 villages (75% of which
is drought-prone areas) in Gujarat and 730 km2 (280 sq mi) in the arid areas of Barmer and
Jalore districts of Rajasthan. The dam also provides flood protection to riverine reaches
measuring 30.000 ha (74,000 acres) covering 210 villages and Bharuch city and a population of

400.000 in Gujarat.



Saurastra Narmada Avataran Irrigation is a major program to help irrigate a lot of regions

using the canal's water. In 2011, the government of Gujarat announced plans to generate solar

power by placing solar panels over the canal, making it beneficial for the surrounding villages to

get power and also help to reduce the evaporation of water. The first phase consists of placing

panels along a 25 km length of the canal, with capacity for up to, 25 MW of power. The dam is

one of India's most controversial, and its environmental impact and net costs and benefits are
: P

widely debated. The World Bank was initially funding SSD, but withdrew in 1994. The Narmada

Dam has been the centre of controversy and protests since the late 1980.

LIST OF THE STUDENT
SR. : DATEOF
NAME CLASS
NO BIRTH
I | MARATHE NEHA GOVIND SYBA FEMALE | 29/07/1999
2 | MALI VISHAKA VIJAY S.YBA FEMALE | 15/10/1999
3 | MAHALE DAMINI SANJAY SYBA FEMALE | 28/08/1999
4 | NAIK DAKSHA SOMDEV SYBA FEMALE | 21/05/1998
5 | VALVI ANJALI RAMDAS S.YBA FEMALE | 01/11/1998
6 | TADVI USHA DARMA "SYBRA FEMALE | 10/11/1996
7 | VASAVE ANITA RAVLYA "BYBA FEMALE | 10/09/1998
8 | TADVI BHARAT BIRBYA " SYBA MALE 20/05/1998
9 | NAIK GAMIRSING GIMBALYA S.YBA MALE 29/04/1998
10 | VASAVE KANTILAL BASYA | S.Y.BA MALE 02/04/1998
I1 | SAVALE ROHIT SANTSH S.Y.B.SC MALE 23/03/2000
12 | VASAVE SEGA MOGYA S.Y.B.A MALE
13 [TADMISURISHPANCT |  SYBA MALE =
TYBA
14 | PADVI RAMESH VAIRYA T.Y.BA MALE | 02/04/1996
15 | WADILE GOPAL BHAGWAN T.Y.BA MALE 20/05/1998
16 | KOLEKAR KISHOR DHAKU T.Y.BA MALE 01/08/1998
17 | GAVIT VISHAL VASU T.Y.BA MALE 03/09/1998
18 | VALVI GURUCHAND RAJU T.Y.BA MALE 03/08/1995




MALE

19 | MAGARE FRAFULLA WAMAN T.Y.BA MALE 10/5/1996
20 |JADHAV BHAVESH ASHOK T.Y.BA MALE 30/09/1998
21 MAHIRE NETRADEEPAK MAHENDRA T.Y.BA MALE 01/01/1998
22 | THELARI JAGAN BHIKA "T.Y.BA MALE 8/02/1998
S.Y.B.Sc
23 | CHAVAN SHRIKANT AMRUT S.Y.B.Sc MALE 13/05/1999
24 | RAJPUT MADHUSUDAN GOPALSING S.Y.B.Sc MALE 20/11/1999
25 | MALI JAYESH DIGAMBAR S.Y.B.Sc MALE 13/06/1998
26 | PATIL PANKAJ DAGAJI S.Y.B.Sc MALE 01/12/1999
27 | PATIL SHUBHAM VASUDEV S.Y.B.Sc MALE 08/03/1997
28 | CHAUDHARI HARSHA ANIL S.Y.B.Sc FEMALE | 21/11/1999
20 | PATIL PRIYANKA PRABHAKAR S.Y.B.Sc FEMALE | 22/04/1999
30 | PAMNANI PAYAL RAMESHLAL S.Y.B.Sc FEMALE | 21/03/1999
31 | MALI SAPNA GOPAL S.Y.B.Sc FEMALE
32 | BORSENEHA MAHENDRA | S.Y.BSc FEMALE
33 | PATIL NAMRATA S. S.Y.B.Sc FEMALE | 03/05/1999
34 | VASAVA SMITA e FEMALE | 01/06/1998
35 | CHAVHAN HIRAL KANTILAL SYBSC | FEMALE | 28/03/1999 |
36 | VASAVE RITA HONARY S.Y.BSC FEMALE
37 | VALVAIPALAVI S.Y.BSC FEMALE | 05/04/1998
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Chemical Solution Deposition of Sb,Se; Films to Study their
Structural, Morphological and Optical Properties
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Abstract

At room temperature chemical solution deposition technique has been employed for the deposition of Sb,Ses thin films.
Solution based deposition of Sb,Ses crystals with variation in reaction time was found to be playing a significant role in
controlling the reaction rate during the deposition of Sb,Ses films. Temporal evolution of structural, morphological and optical
properties of deposited Sh,Ses films was investigated using X-ray diffraction (XRD), scanning electron microscopy and UV-
visible spectroscopy, respectively. Solution deposition of Sb,Se; films involves two steps: initial nucleation and crystal
formation followed by growth to form final films. Increased reaction time from 30 to 120 min, deposited films showed
morphological evolution for Sb,Se; nanocrystals from dense spheres to self-assembled flower-like morphology. In addition,
optical energy band gap variation from 1.60 to 1.63 eV suggested the possibility of crystal size optimization with energy band
gap tunability of Sb,Ses crystals in the visible region. This is also evident from the photoluminescence studies, which reveal
the luminescence intensity variation with crystal size of Sb,Ses as a function of deposition time. Optical and morphological
response of Sh,Ses crystals to the reaction conditions suggests it is a suitable and potential candidate for optoelectronic
applications such as photovoltaic cells, electronic nano-devices, fuel cells, etc.

Keywords: SbySes; Chemical solution deposition; XRD; Strain broadening; Photoluminescence.
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Article type: Research article.

1. Introduction

Recently, metal chalcogenides like CdS, PbS, PbSe, HgS,
In,Ss, InySes, BixSs, BixSes, BixTes, SbaSs and SbySes, have
attracted considerable attraction of researchers as promising
materials in thermoelectric cooling and optical devices.!'#
Among these materials, in recent time stibnite family members
viz., BixSes, BiyTes, SbaS3 and SboSes have been immerged out
as promising candidates.>*) This is possibly due to their
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alluring optical and electrical properties in the nano regime.
However, in the case of stibnite family based chalcogenides,
Sb,Ses is expected to stand better in various applications like
advanced energy conversion and storage (ECS) devices
including fuel cells, photo-electrochemical water splitting
cells, solar cells, Li-ion batteries and supercapacitors. This is
because of higher absorption and broad spectral response of
metal chalcogenides./’-

Literature reveals that, the performance of these energy
devices relies strongly on the properties of the nanostructured
material. Such wide exposure to various applications of metal
chalcogenides has been profited due to the employed
variations in the synthesis methods materials resulting in the
different crystal sizes and surface morphologies. In view of the
above, development in the field of nanomaterial synthesis is
believed to play a key role in future advances of the device
grade applications.[!3-1¢]

Therefore, to explore complete optical properties of SbaSes,
it becomes very necessary to characterize the variation of the
optical absorption including photoluminescence (PL) as
function of deposition conditions. Numerous reports are
available on the synthesis of nanocrystalline SbySes.['7-2%]

© Engineered Science Publisher LLC 2022
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However, countable communications deal with the chemical
solution deposition of Sb2se3 followed by the studies on the
optical properties including PL.[2122]

Thus, in this work, Sb>Ses nanocrystals have been
synthesized using chemical solution deposition and an attempt
has been made to explain the evolution of their morphology.
Phase identification and structural analysis of the prepared
samples were carried out systematically. Optical properties
including photoluminescence studies of the prepared
nanocrystals were conducted and the probable reasons for the
resultant spectra were explained.

2. Experimental

In the present synthesis, solutions of SbCl; (0.01 M) and
NaxSeOs; (0.01 M) were prepared in acetone and double
distilled water, respectively in two different beakers, wherein
SbCl; acts as a precursor of Sb** and Na,SeOs that of Se*. The
deposition process is discussed in the following steps. First,
the bath for Sb>" was prepared by adding 1 gm of SbCl; to 10
ml of acetone and stirred for 5 minutes until a uniform mixture
was formed. Further, 10 ml of triethanolamine (TEA) (20%),
a complexing agent was then prepared in double distilled
water and added to the first bath containing antimony source
to obtain Sb**-TEA complex. In the next event, a 2M Se*
precursor solution was prepared in double distilled water
under constant stirring of 10 minutes and slowly introduced
into the Sb**-TEA complex precursor solution under constant
stirring. TEA, a complexing agent helps for obtaining soluble
species of Sb** in acidic medium during the reaction. The pH
of the combined bath was adjusted to be around 8§-10 by
dropping 2-3 pellets of NaOH through vigorous stirring.
Finally, previously cleaned glass slides were introduced into
the beaker for further deposition. The colour of the mixture
solution was observed to be changing from milky white to
orange indicating the formation of Sb,Se; species. Each
sample was taken out after completing the desired reaction
time of 30, 60 and 120 m, respectively. The samples deposited
at room temperature were named as A, B and C, in the
increasing order of reaction time of 30, 60 and 120 m,
respectively.

The analysis of crystal structural, morphological and
elemental properties of crystalline SboSes films were carried
out using X-ray Diffractometry (XRD) (model: XRD, Rigaku
“D/B max -2400”, Cu K, = 0.154 nm), Scanning Electron
Microscope (SEM) (model: JEOL-JSM 6360-A) and energy-
dispersive X-ray spectroscopy (EDX), respectively. A UV- Vis
spectrophotometer (model: JASCO V-670) was used to record
optical absorption spectra of crystalline Sb,Ses films in the
range of 200-800 nm at room temperature. The emission
spectrum was obtained by using photoluminescence
spectroscopy technique.

3. Results and discussions

3.1 The phase identification and structural analysis of
SbzSe; films

© Engineered Science Publisher LLC 2022

Figure 1 shows the XRD patterns of samples A-C, respectively.
XRD patterns for films show defined diffraction signatures
around 21.50, 23.72, 27.13, 31.06, 34.42, 43.79, and 50.90°,
indexed to (220), (101), (021), (221), (420), (440) and (351)
hkl planes. The observed peaks were compared with the
JCPDS card No. 72-1184, which confirms the orthorhombic
phase for deposited Sb,Ses crystals. The average crystallite
size in each film sample was calculated using a standard
method in the literature after incorporating due corrections for
the strain induced broadening in the diffraction peaks.[3-24]

(021)

(101)

E(zzo)
=
(221)
(140)
(231)
(520)
(260)
(@]

Intensity (A.U.)

20

40

80

20
Fig. 1 Structural properties of SboSe; films A, B and C.

Three main peaks of the obtained XRD pattern corresponding
to (111), (230) and (221) planes were considered individually
for each sample for the crystal size calculation. The average
crystallite size was found to be in the range of 47-58 nm for
the three samples considered. As known from the literature,
the Equation 1,10

B CosB = ">+ n Sind (1)
where B is the full width at half maximum in radians of the
diffraction peak under consideration after instrumental
broadening correction, 0 is the angle of diffraction, D is the
size of the crystallite, nis the strain in the material), and the
plot about f Cos0 Vs 1 Sin6 is shown in Fig. 2. The Y-intercept
of the plot corresponds to zero strain and so eliminates the
strain induced line broadening. The average crystallite size D

was then directly calculated from the Y-intercept (=}%) for

each sample. The results are tabulated in Tablel.

In addition, to further prove the deposition of Sb,Ses films,
compositional analysis and elemental mapping were
performed with the help of energy dispersive X-ray
spectroscopy (EDXS) system as shown in Fig. 3. As illustrated
in Fig. 2, composition mapping for Sb,Ses films reveals the
presence of Sb and Se in ~ 2:3 ratio, confirms the formation of
szSe3.

ES Mater. Manuf., 2022, 15, 96-102 | 97



Research article

ES Materials & Manufacturing

Table 1. Physical Parameters of all prepared samples.

Sample 20° Sin@ Br(rad) x 1073 B COSO x 1073 D (nm)
Film-A 21.50 0.1865 4.08 4.00 47
23.72 0.2055 5.48 5.35
31.06 0.2677 6.7 6.45
Film-B 21.50 0.1865 4.19 4.11 50
23.72 0.2055 5.6 5.47
31.06 0.2677 6.82 6.56
Film-C 21.50 0.1865 4.34 4.26 58
23.72 0.2055 5.75 5.62
31.06 0.2677 6.97 6.71
= For the prolonged deposition time to 60 minutes i.e. sample
e B B, the pinots are observed to be attached to rings (Fig. 4B1).
0.00654| A C P ; : :
e Pt otk .However., it is clearly seen from the.hlg'her magnification
Linear Fit of Sheet1 B image (Fig. 4B.) that, the pinots are getting interconnected and
0.0060-] Linear Fit of Sheet! C resulting into the thick petal-like morphology. Finally, for the
o= deposition time of 120 minutes i.e. sample C, the temporal
2 0.00554 growth has resulted in the flower-like morphology (Figs. 4C;
o and C,).
. Observed morphological evolution in the present study,
0.0050 may be explained on the basis of the nucleation and growth
kinetics of nanocrystals during the chemical solution
0.0045 ) deposition of the films. It appears that, reaction time has
. . . . . . . influenced the nucleation and growth of Sb>Se; nanocrystals.
070 075 0.80 085 090 095 1.00 1.05 During the initial deposition, reaction rate may have been
4*Sin0 driven by the Sb-TEA complex, which leads to control the

Fig. 2 Williamson-Hall plot for the estimation of crystallite size.
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Fig. 3 Energy dispersive spectroscopic analysis of Sb,Se; film A.

3.2 Morphological analysis of Sb,Se; films

Figure 4 represents the SEM images for the samples A-C,
respectively. At the initial stage of deposition i.e. for the first
30 minutes of reaction, the low magnification SEM image of
sample A shown in (Fig. 4A) reveals the uniform and dense
pinots-like morphology. However, higher magnification SEM
images of sample A clearly represent the formation of self-
assembled ring-like morphology for sample A (Fig. 4A»). This
may be due to the controlled nucleation of the SbaSes species
resulting into the observed morphology.

98 | ES Mater. Manuf., 2022, 15, 96-102

release of Sb** in the reaction bath. As a result of this, in the
initial phase of the deposition, the cationic and anionic species
in the solution to be deposited get adsorbed over the embryo
or nuclei and start growing into a crystal to give pinots like
morphology. However, literature suggests that, during
chemical solution deposition, the resultant morphology is the
function of balance between surface and thermodynamic
equilibrium. Thus, with prolonged deposition time early
formed crystals start to self-organize in order to have
minimum surface free energy. This is evident from the
emergence of the different morphologies such as ring-like,
petals and flower-like morphologies observed in the present
study. This is in agreement with the numerous varieties of
morphologies like nano-ribbons, nano-wires, hollow nano-
spheres and solid nanospheres of SbySes reported in
literature. 2527

3.4 Optical absorption Studies

Figure 5a shows the wavelength dependent absorption spectra
of the samples A-C recorded in the range 350-850 nm. The
UV-visible absorption spectra for samples A-C showed
panchromatic absorbance behaviour with spectral response in
the extended visible region. However, there is no significant
difference in the absorption edge for samples from A to C,
indicating no later variation in the crystallite size over

© Engineered Science Publisher LLC 2022
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prolonged reaction time, respectively. This is in agreement
with the earlier discussion in XRD analysis. This is also in
close with the optical results discussed in previous reports.
Figure 5b shows the optical band gap calculations for
samples from A-C using optical absorption spectra using
Equation 2.1 Band gap plots depict the optical energy band
gap (Eg) values in the range of 1.60 to 1.63 eV, respectively.*®!
These values of Eg are quite greater than the bulk band gap
value i.e. 1.2 eV of SbaSes crystals, which can be attributed to
the size reduction of the SbySe; crystals during temporal
deposition. This is in agreement with the earlier reports
discussing the optical properties of metal chalcogenides.?-3!]

Fig. 4 Morphological analysis of films A, B and C.

ZBkU  X38, 888 B8.Swm 18 28 SEI

Photoluminescence (PL) spectra of the samples A-C, recorded
at room temperature with an excitation wavelength of 350 nm,
has been presented in Fig. 6. The emission spectrum for all
samples exhibits one distinct peak centred on 602 nm. The
emission peaks in the present study for chemically deposited
crystalline Sb,Ses showed increase in intensity with the
increase in reaction time.!'! This may be due to the prolonged
reaction time resulting into the variation in morphology.
According to literature, the morphological geometry controls
the amount of scattering of light from the surfaces of the film.
This may be evident from the variation into the PL intensities
for different morphologies in the present work.*>33 Thus, the
observed enhancement of the PL emission can also be

ahv = (hv - Eg)" 2 . . . .
P ) ) attributed to a low light scattering due to the reduction in the
3.5 Photoluminescence studies surface defects for SbySes crystals in the present study.’
0.5 0.5
A A-1.63 eV
—B sl B-162eV
—_—C “1 c-160ev
5 5
2 .
< Zo3-
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< =
3 3
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Fig. 5 Optical absorption spectra of films A, B and C.
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Fig. 6 Spectroscopy of films A, B and C.

3.6 Contact angle measurement

Measuring contact angles is a simple means to analyze
wettability of thin film surfaces.’¥ In the present study, in
order to measure the contact angle, the water droplet was
added on the copper surface by means of a syringe and the
image of the drop was captured with a video camera. It was
found that water droplets rest on the surface of Sb,Se; films
with a contact angle of about 60° revealing the hydrophilic
nature of the deposited films (Fig. 7). This is in agreement with
earlier report for different chemically deposited
semiconducting material in the literature.l'”’ Such a
hydrophilic nature of deposited Sb.Se; finding applications in
heterojunction based optical devices.

Fig. 7 Contact angle measurement of films A, B and C.

4. Conclusions

Role of the deposition time during the solution deposition of
SbySe; crystals through systematic experiments with its
significance has been studied orderly. The deposition time was
found to be playing an important role in the structural,

100 | ES Mater. Manuf., 2022, 15, 96-102

morphological and optical properties of SbaSe; nanocrystals.
The temporal growth of Sb,Se; nanocrystals resulting into the
variation in morphologies has been observed. This is been
attributed to the super saturation factor and reaction rate
during the deposition of crystals. Optical properties including
PL found to be driven by size and shape of SbxSejs crystals.
Observed morphological and optical properties reveal Sb,Ses
a promising absorber material in opto-electronic applications
including photovoltaic devices.
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ABSTRACT

Modern materials like Bi;Te; nanostructures are one of the most promising
thermoelectric materials since they show a high value of the thermoelectric
figure of merit. This paper reports the effect of electrolyte pH (in a low pH range
starting from 0.25 to 1.50) on the structural, electrochemical, and thermoelectric
properties of the electrodeposited Bi,Te; films. Two of the samples showed
significantly high values of Seebeck coefficient (49.28 uV/T and 45.26 uV/T,
respectively), which are comparable to the Si (42 nV/T), SiC nanowires (40 uV/
T), and Ge (47 pV/T) thermoelectric materials. Also, the observed crystallinity
and electrochemical behavior are in agreement with the thermoelectric results
for electrodeposited Bi,Te; films. In nutshell, a lower range of pH of electrolytes
has been found to be a significant control parameter in the present study. Such
Plausible tailoring of properties would be helpful for the systematic study of
complex and multi-composite materials for various applications.
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1 Introduction due to its high value of thermoelectric figure of merit

at room temperature. In addition, out of many

There are many thermoelectric materials being stud-
ied in the form of thin films. Materials like Bismuth
Chalcogenides [1], Lead tellurides [2, 3], Inorganic
Clathrates [4, 5], Mg—BIV compounds [6, 7], Homolo-
gous oxides [8, 9], Half-Heusler alloys [10, 11] etc.
Among these materials, in the current thread of
research, Bi,Te; has been studied extensively. This is

Address correspondence to E-mail: vinodk_ioe@bkc.met.edu

https:/ /doi.org/10.1007 /s10854-023-10295-z
Published online: 03 April 2023

methods of synthesis, electrodeposition method has
been explored by the researchers. Electrodeposited
Bi,Te; nanowire arrays (12-33 uV/K), pulse elec-
trodeposited Bi,Te; thin films (— 65 uV/K), and n-
type Bi,Te; films (— 51.6 nV/K) had shown Seebeck
coefficient ranging from 12 to 65 pV/K [12-14].
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Electrodeposited thin films exhibit excellent ther-
moelectric properties as a function of reaction
parameters [15-21]. In addition, the deposition rate of
various phases followed by crystallite sizes can be
controlled via electrodeposition parameters. And
hence, this method is suitable for depositing thin
films for the purpose of thermoelectric applications.

Theoretically, a material has better thermoelectric
properties if electrical conductivity of the material is
high and thermal conductivity of the material is low.
A conductor or a semiconductor material shows
thermal conductivity on account of two major phe-
nomena viz. transport of heat through charge carries
and transport of kinetic energy through particle like
behavior of lattice vibrations known as phonons.
Transport of charge carriers contributes to both
thermal and electrical conductivity. Thus, higher
electrical conductivity by virtue of charge carrier
transport also increases the thermal conductivity by
this route. However, the amount of heat transported
through phonons is decided by the crystal structure
and crystallite size in case of crystalline solids
[22, 23]. Thus, for a thermoelectric material, we need
to optimize the crystallite size for optimal electric and
thermal conductivities. Many studies have been
reported for the deposition of Bi,Te; films. However,
the tailoring of the structural, electrochemical, and
thermoelectric properties as a function of lower range
of pH has not been explored in detail. Thus, it is
indeed necessary to investigate such dependence of
different properties over a reaction parameter(s).
And, it may be helpful, since nowadays even more
complex and multi-composite materials (like per-
ovskite) are being studied not only for thermoelectric
but also for other properties like semiconducting,
photoelectric, and supercapacitive actions.

The purpose of setting the parameters is to achieve
thermodynamically optimal conditions for electro-
chemical deposition of ions on to the substrate as well
as nucleation and growth of material in the elec-
trolyte. For this purpose, under potential deposition
method was used to ensure a uniform and thin
deposition of the material. The stainless-steel plates
were chosen to be the deposition substrate. Accord-
ing to literature review, mutually induced co-depo-
sition of Bi®" and Te®' ions happens if correct
electrochemical parameters are set [15, 18]. The ions
will be deposited together at a potential more posi-
tive than both the deposition potentials of individual
ions. It is also required that formation of the said ions

@ Springer
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must occur when the precursors are dissolved into
the solvent. With these conditions in place, optimized
deposition potential was explored earlier and found
out to be — 400 mV/SCE at room temperature [20].
To optimize thermal and electrical properties as
function of crystallinity through exploring the lower
range of pH for electrodeposition of Bi,Te; thin film
is the aim of present study.

In this article, we report the properties of 6 films
that were deposited at the optimum deposition
potential of — 400 mV/SCE with pH varying from
0.25 to 1.5 in the interval of 0.25 and designated as P1
to P6, respectively. The range for pH parameter is
selected as per the Pourbaix diagram for electrode-
position carried out with the route as stated below
[15]

TeO, + H" — HTeOs; (0.37 <pH <0.07)
HTeOj + H" — Te™ + H,0

(1)

(2)

BiyOs + 4H" — 2BiOH*? + H,0; atpH < 0.047 (3)
BiOH*? + H* — Bi*® + H,0 (4)
(5)

3Te™™ + 2Bi*® — Bi,Tes + 18¢~

For Egs. 1-4, the rate of the reaction will be decided
by the H" ion concentration, i.e., pH of the solution.
Since pH of the electrolytes decides the deposition
rates of Bi and Te, the quality of co-deposited product
is in turn impacted. Quality parameters include
purity (relative amounts of Bi,Te;, Te, Bi, and other
compounds) and crystallinity (phases and crystallite
size). These parameters affect the electrical and
thermal properties of the deposited material which is
to be used for thermoelectric applications.

2 Experimental procedures

In the present synthesis, solutions of A.R. grade bis-
muth nitrate (Bi,(NO3)3.5H,0) and tellurium dioxide
(TeO,) were prepared in nitric acid (HNO3), respec-
tively, in two different beakers, wherein Biy(-
NO3)3.5H,0 acts as a precursor of Bi*" and TeO,, that
of Te*~ explained in the following steps as shown in
Fig. 1 [15, 18, 20].

First, the bath of 7.5 mM Bi** was prepared by
adding 0.90 gm of bismuth nitrate in 250 ml of 1 M
nitric acid and kept for 15 min until a uniform mix-
ture was formed. Second, 0.1 M ethylene diamine
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tetra acetic acid (EDTA), a complexing agent, was
then prepared in 100 ml double distilled water.
Third, 3 ml of 0.1 M EDTA then added to the first
bath containing bismuth source to obtain Bi** EDTA
complex. Fourth, 10 mM solution was prepared in
1 M (250 ml) of nitric acid under constant stirring at
80 °C temperature for 30 min. Fifth, 13.5 ml of Te*~
precursor solution was slowly introduced into the
16.5 ml that of Bi*" EDTA complex precursor solu-
tion under constant stirring. The pH of prepared
electrolyte was varied from 0.25 to 1.5 with increase
of 0.25 using liquor ammonia. The reaction is con-
sidered to be based on slow release of Bi*" and Te*"
ions in the presence of EDTA, which helps for
obtaining the soluble species of the Bi’' in acidic
medium during the synthesis process [4]. The elec-
trodeposition was carried out for different pH [P1-
P6] of electrolyte mixture of 7.5 mM Bi’* and 10 mM
TeO, at — 400 mV/SCE at room temperature for the
deposition time of 40 min and named as P1-P6,
respectively. The flowchart in Fig. 1 shows the step-
wise process involved in the electrodeposition of
Bi,Te; thin films as function of pH [15, 18, 20].

P1: Bismuth Nitrate (Bi,(NO;);.5H,0) (7.5 mM, 13.5 ml] +
Nitric Acid ( HNO; ) [1M]

= =

P2: (P1) + Ethylene Diamine tetra acetic acid (EDTA)
[0.1M, 3.5 ml]

S =

P3: P2 +tellurium dioxide (TeO,) [10 mM, 13.5 ml] +
Nitric Acid ( HNO, ) [1M] + Liquor Ammonia (pH variation)

Electrolyte

Step1

Step 2

Step 3

Stainless steel Substrate (working Electrode) + Graphite
Step4 (Counter Electrode) + SCE + Electrolyte + Deposition Potential
(Powersupply)

Deposition of Bi,Te, thin films
Step 5 at various pH values of electrolyte as
0.25,0.5,0.75,1,1.25,1.5

Bi,Te, films named as
[P1:0.25, P2: 0.5 P3: 0.75, P4: 1.0, P5: 1.25 and P6: 1.5]

PG

Step 6

Fig. 1 Stepwise process involved in the electrodeposition of
Bi, Te; thin film of samples (P1-P6)
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3 Results and discussion

The prepared films were characterized to determine
the properties viz. elemental composition, crystal
structure, phase, crystallite size, morphology, thick-
ness, and thermoelectric properties (Seebeck Coeffi-
cient, Power Factor and Figure of merit). These
results are presented and discussed below.

Cyclic voltammetry (CV) analysis for precursors
and their mixture at various pH and concentration
was carried out using Potentiostat Interface model
1000 (IFC100004015, Garmry). Thicknesses of the all
the deposited films were measured with weighing
balance made by Shimadzu (AUX220) having least
count of 10 mg. Structural analysis and phase detec-
tion of the Bi,Te; crystals in the electrodeposited
films were carried out with the help of Panalytical
Xpert PRO X-ray diffractometer (XRD) with Cu Ku
radiation (4 = 1.5405 A°). Surface morphology and
compositional analysis were carried out using a
scanning electron microscope (JEOL-JSM 6360) (SEM)
with energy-dispersive X-ray spectroscopy (EDXS)
Hitachi High (S 4800 Type II) with acceleration volt-
age at 20 kV. Electronic properties were studied
using Hall probe method ECOPIA hall effect mea-
surement system (HMS-3000). Seebeck coefficient
measurement was carried out with the laboratory
made setup (Two K type thermocouples, Rishabh
multimeter (Multi 14S), HTC (DT302) Thermometer).
Thermal conductivity was measured with the Nano-
flash (LFA 447) Netzsch instrument. The phase
analysis of samples using XRD patterns has been
made using Xpert Highscore package with Reference
Intensity Ratio (RIR) method (more confident).

3.1 Cyclic voltammetry

Cyclic voltammetry curves were recorded during
deposition process and are shown in Fig. 2 for the
films P1-P6 (7.5 mM Bi’*, 10 mM TeO**, and 0.1 M
EDTA). The curves show distinct oxidation and
reduction peaks within the potential range of
— 400 mV/SCE to 700 mV/SCE. For P1 film, we see
an oxidation peak at 432.0 mV and reduction peaks at
— 3439 mV and — 250 mV. The reduction peaks
indicate the deposition of Te ions through two dif-
ferent modes [15]. Single oxidation peak for P1, P2,
and P3 CV curves indicates that deposited material
indeed is Bi,Tes. However, in case of P1 and P2, the
presence of Nucleation loop indicates irreversible Te—

@ Springer
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Sample P1
04382V

Sample P2
04302V

Nucleation Loop Nucleation Loop

-0.3277 V
-0.3241V

Sample P3
04621V

A

No Nucleation Loop

Sample P4
04130V

Nucleation Loop

-0.3883 V -0.4366 V

Sample P6

Sample P5
0. 0.0‘28 y 03236V

Nucleation Loop

-0.4921V

Fig. 2 Cyclic voltammograms Bi,Te; with different pH values
from (P1-P6)

Te deposition [15], while in case of P3, large reduc-
tion peak indicates dominant but reversible Te-Te
deposition. While in case of P4, P5, and P6 films,
there is additional small oxidation peak after the Bi
oxidation peak. This may correspond to decomposi-
tion of Te or Bi atoms. In case of P4 and P5, the
nucleation loop similar to that in P1 and P2 indicates
irreversible Te-Te deposition. In addition to the
major reduction and oxidation peaks, there are other
oxidation and reduction peaks present in case of
Samples P4 and P5 which again may correspond to
decomposition of the deposited Bi and Te.

Another major aspect of the CV analysis is
regarding movement of the oxidation and reduction
peaks with the pH parameter. P2 shows dominant
deposition of Bi at moderate oxidation potential of
4.302 V while P1, P3, and P4 show such deposition at
higher potential and P5 and P6 at lower potential.

In case of deposition of Te by reduction, P2 shows
lowest negative potential of (— 0.3241) for deposition
while all other samples show reduction peaks of Te at
a larger negative potential [12].

@ Springer
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3.2 Thickness

Thicknesses of the films were measured using indi-
rect weighting difference method. The average
thicknesses of the films are plotted in Fig. 3. P2
sample shows the largest average thickness while P4
shows the smallest. This parameter indicates the rate
of deposition of the material since the films are
deposited within the same amount of time interval.
Thickness of the material was assumed to be uniform
as we are using electrochemical method for
deposition.

Any parameter that is calculated here onward is
intrinsic parameter. It is desirable to have thinner
films so that the parameters will be better since the
parameters are usually calculated per unit volume or
mass.

3.3 X-ray diffraction

X-ray diffraction patterns for all the samples are
shown in Fig. 4. The XRD patterns show the presence
of polycrystalline structure. Signature peaks of Bi;Tes
around 20 ~ 27.74°, 41.02°, 44.32°, and 50.44° corre-
sponding to (h k1) planes (0 1 5), (11 0), (0 0 15), and
(2 0 5) [24], respectively, are seen in all the samples.
Intensities of the most prominent peak (0 1 5) can be
seen to have different intensities relative to other
peaks for different samples.

Further, Table 1 shows the average crystallite sizes,
micro-strains, and dislocation densities for the films
P1 to P6 obtained using the full width at half-maxi-
mum (FWHM) from XRD patterns.

1900 ]
1800
1700
1600 |
1500 |
1400 ]

N

T T T T T T

P1 P2 P3 P4
pH of Bath

1200

Aim Thickness, (nm)

Fig. 3 Thickness variation of the samples (P1-P6) for deposition
time of 40 min
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~Substrate

—= SUubstrate

Intensity (a.u.)

20 30 40 50 60 70 80
20 (degrees)

Fig. 4 X-ray diffraction patterns of samples (P1-P6)

Table 1 XRD analysis for [0 1 5] plane

4 20 a B D e 8
Pl 2774 321 1122 761 4753 23177
P2 2754 323 1108 771 4661  171.82
P3  27.68 322 1124 689 5253 261.17
P4 2772 321 1565 546 6630  415.94
PS 2772 321 1702 5.02 7210  491.95
P6 2781 320 0871 981 3684 12878

# sample number, 20 Bragg’s Angle in degrees, a lattice parameter
in angstroms,  FWHM in degrees, D crystallite size in
nanometres, ¢ microstrain in 10'® linesm 2 and & dislocation

density in 10™*line™> m™*

For the analysis, Scherer’'s equation and standard
JCPDS card No: 15-0863 [24] for Bi,Tes; were used.
Scherer’s equation is given below:
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K
= Beos(0)

where, 7 is the mean crystalline domains size, K is the
shape factor, 4 is the X-ray wavelength, f is the
FWHM, and 0 is the Bragg angle.

Samples P1, P2, and P6 show narrower and larger
(0 1 5) peak while P3, P4, and P5 show wider and
smaller (0 1 5) peaks. Widening of the peaks is due to
small crystallite size (in nanometres) as well as due to
induced microstrain in the films. Larger intensities of
the material compared to peaks of the substrate
indicate larger phase percentage. (1 0 10) and (1 1 0)
peaks are present prominently in only P1, P2, and P3
samples. (0 0 15) peak is present in all the samples but
for P6, the peak is smaller as compared to other
samples. Note that the samples P2 and P6 show all
the peaks and larger (0 1 5) peak as compared to the
substrate peak. From this analysis, we conclude that
P2 and P6 must have significant amount of Bi,Te;
crystallites. This is further confirmed by phase anal-
ysis performed using RIR method from XRD data as
indicated in Fig. 5.

The crystallite size analysis indicates that P6 fol-
lowed by P2 has the largest crystallite size and thus
the lowest microstrain.

3.4 Elemental analysis

Elemental analysis performed using EDAX is shown
in Table 2. Samples P2, P3, and P4 are relatively
closer to the actual stoichiometric ratio of 0.67 for the
compound. However, it has been proved before that
this material can exist in same phase with different

Percentage of Bi,Te; Phase

[=2) (=2}
= 9]

1%,]
(%)

Percentage (%)
D (8,
[9,] o

N
e

35

0.25 0.50 0.75 1.00 1.25 1.50

Fig. 5 Bi,Te; Phase amount for the samples (P1-P6) using XRD
data
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Table 2 Elemental analysis for samples (P1-P6)

Sample Bi% Te% Bi/Te
Pl 54.28 45.72 1.19
P2 49.31 50.69 0.97
P3 46.43 53.57 0.87
P4 48.94 51.06 0.96
P5 57.11 42.84 1.33
P6 57.90 42.10 1.38

stoichiometric ratios [15]. Samples P1, P5, and P6 are
quite Bi rich as compared to other 3.

3.5 Scanning electron microscopy

Figure 6 shows the SEM images morphology of the
samples. All samples exhibit dendritic masses fused
together to various degrees (refer to high resolution
figures located at the insets of the SEM images). SEM
images show a fused mass of dendrites for P1 sample,
relatively separated dendritic masses in the form of
aggregated balls for P2. While P3 shows morphology
similar to P2 but for P2, the balls have more clear
boundaries than P3. The SEM image for P3 also
shows two different areas, light and dark, which may
be interpreted as follows. Dark area refers to a flatter
morphology with less dense mass, while light areas
refer to balls shaped areas. P4 shows morphology
with dendrites forming a continuous mass similar to
P1 but with larger voids which are in the case of this
particular snap is all oriented along same direction.
P5 and P6 both again show aggregated balls type
morphology. But P6 has the dendritic structures more
separated than P5.

Morphology of the structure is an important
parameter since thermal as well as electrical con-
ductivities depend on the morphology. One can
conclude that, more fused dendritic structures results
in to the good thermal conductivity. Such large val-
ues of conductivity are detrimental to the thermo-
electric effect as per the obtained figure of merit (ZT)
in the present work [25-27]. Thus, we expect P2 and
P6 to perform better as a thermoelectric material
provided they show good electrical conductivity.

3.6 Thermal conductivity

Thermal conductivities of the samples were mea-
sured and are plotted in the Fig. 7.

@ Springer
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High thermal conductivity of P3 brings down the
performance of the film, while P2 has relatively high
but still low enough thermal conductivity in addition
to the co-deposition-favored crystal structure which
is favorable for better thermoelectric performance.
For all other samples, the thermal conductivity is
very low. If the electrical conductivities of these
samples are high enough the samples will perform
better as thermoelectric materials [22, 23].

3.7 Four probe

The electrical conductivities of the samples shown in
Fig. 8 are measured using four probe methods.
Highest conductivity was shown by the P3 sample
while others show significantly lower conductivities.
P2 exhibits second best value for conductivity.
However, as stated, earlier to large value of thermal
conductivity may become detrimental for a thermo-
electric material. We may expect P2 to be one of the
best thermoelectric materials from all the samples
since it shows the combination of favored co-depo-
sition, moderate thermal conductivity, as well as
moderate electric conductivity.

Low conductivity despite large crystallite size of
samples P1, P5, and P6 may be due to the Bi richness
which was discussed in elemental analysis section.

Which means though these samples show larger
crystallites, the crystallites may be surrounded by Be-
rich phases. Hence, such deposition shows lower
conductivity despite of larger crystallite size, whereas
samples P2 and P3 show large conductivity despite
smaller crystallite size. In short, not only the amount
of crystal boundaries but also the ease of conduction
of charge carriers across a boundary will also affect
the electrical and thermal conductivity.

3.8 Seebeck coefficient and figure of merit

The Seebeck coefficients plotted in Fig. 9 for the
samples are calculated using a laboratory made
setup. The best Seebeck coefficient as shown in Fig. 9
was exhibited by P2 sample followed by P6, P1, and
P3. As mentioned earlier, the reason for the best
performance of P2 may be the combination of mod-
erate electrical conductivity, low thermal conductiv-
ity, and co-deposition dominated phase. This agrees
with the phase analysis discussed in XRD section.
Figure of merit is a performance indicator used to
compare the performance of the materials. In this



] Mater Sci: Mater Electron (2023)34:875

Page 7 of 9 875

- ©® ¢
(_ ('%\ > (

< “ ( ,...,;-»

Swmm BBBE SPRPU-JEOL

Pl

5.6mm x3.00k SE(M)

Fig. 6 Scanning Electron Images of samples (P1-P6): 3000 x main images and 6000 x (higher resolution) images in inset

case, figure of merit to measure thermoelectric per-
formance of a material is given by [25, 26, 28]

2
ZT:QT
K

where ¢ is electrical conductivity, S is Seebeck coef-
ficient, x is the thermal conductivity, and T is the
absolute temperature.

Hence, to achieve better thermoelectric properties,
the material must have high electrical conductivity,
Seebeck coefficient, and low thermal conductivity
[15, 25, 28, 29].

Thermoelectric figure of merits for samples (P1-P6)
are plotted in Fig. 10 and are calculated using the
electrical conductivities, thermal conductivities, and
Seebeck coefficient of the samples.

Taking into account all electrical conductivity
(large for P3 and moderate for P2), Seebeck coefficient
(large for P2 and moderate for P1, P3, and P6), and
thermal conductivity (large for P3 and moderate for
P3 while others have low thermal conductivities), P2
performs as the best thermoelectric material followed
by P6, P3, P4-P5, and P1 as per the figure of merit
(Z7T).
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Thermal conductivity («) vs pH
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Fig. 7 Variation of thermal conductivity with pH for samples
(P1-P6)
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Fig. 8 Variation of electrical conductivity with pH for samples
(P1-P6)

Seebeck Coefficient (S) vs pH

S (uV/T)
440 500

38.0

0.75 1.00 1.25 1.50
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Fig. 9 Variation of Seebeck coefficient with pH for samples (P1—
P6)

4 Conclusion

The paper reports successful electrodeposition of
Bi,Te; films for thermoelectric applications using
lower pH as a control parameter. XRD and CV
spectra revealed that pH has significant control over
the rate of all redox reactions that are possible in

@ Springer

] Mater Sci: Mater Electron (2023)34:875

Figure of Merit (ZT) vs pH
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Fig. 10 Variation of figure of merit with pH for samples (P1-P6)

given electrolyte. Hence, pH in turn controls the rate
of deposition of various phases of the substance on to
the substrate. Thus, variation of the pH causes vari-
ation of thermal and electrical conductivities that in
turn vary the thermoelectric properties of the
deposited material. This is evident from the CV and
structural results that complement the thermoelectric
observations.

Sample P2 found to yield better Bi,Te; as a ther-
moelectric material (S =49.28 uV/T, ZT = 0.099)
than the Si (~ 42 pV/T) and Ge (~ 47 uV/T) ther-
moelectric materials. This performance is exhibited
on account of moderate electrical conductivity and
low thermal conductivity due to optimal crystallite
size and phase amount. This suggests that opti-
mization of other reaction parameters in combination
with pH would open an interesting way out to study
complex or multi-composite materials for various
applications.
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Activity / Programme Report

: Name of Activity/Programme

field work/Study Tour

2 | Date And Time

27/02/2020

3 | Visit Place

Mandhavgarh, Maheshwer, Ujjain and Indor

4 | Site Description

Field trips serve one vital function as far as education is concerned. Field
trips link the classroom experience with the outside world in so doing they
not only improve learning, but also give both the students and educators
valued practical experience. The field trip we took the students was an
interesting one judging by the varied lessons that we had to receive,

Aims of the Activity

Field trip reports improve the educational value of a trip. The trips deal
with the spatial relations among data and the time relationships like the
cultural history or geological processes.

Boys: 40 Girls: 66  Faculty: 12 Total: 118

present
7 | Detail report of the The department of Geography had arranged an educational tour for
programme /activity completing the field work of third year B.A students as per kbecnmu

curriculum. A few members of our team went to collect some socio-
economic data from Lataguri GP along with the teacher. The most
interesting thing was Mandavgad fort, Ujjain Mahakaleshwar temple to see
the Indor musieum. The teachers of our college discussed the historical
and cultural aspects of Mandahvghad.

8 | Conclusions and
Recommendations

The fieldwork enabled the students to understand the topography of the
geographical area in conjunction with the population dynamics. It gave a
firsthand experience to young geographers in handling and extrapolating
geographical data with local realities, Awareness programme should be
brought to the local people of the area concerning the agricultural practices
and allied activities to safeguard the health of the stream.
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Activity / Programme Report

Academic Year: 2021-2022

1 Mo D AN P field work/Study Tour
2 | Date And Time 06/04/2022
3 | Visit Place Sardar Sarovar And The Statue Of Unity.Rajpipla

Field trips serve one vital function as far as education is concerned.This
makes it a notorious destination both for students, Geographers and
researchers. Sardar sarovar is situated under the Gujrat State.. The
distance from WNandurbar to Sardar Sarovar dam.Nilkanth Dham is
approximately 170 kms and will take around an four hour to reach. Field
area experiences a climate ranging from tropical to sub-tropical type.
Nilkanth Dham Swaminarayan Temple is located at Poicha village on the
bank of river Narmada which is about 80 kms from Bharuch and 60KM
from Vadodara. It is beautiful swaminarayan temple constructed in large
area and one of the most amazing pilgrimages attracts people around
Gujarat

4 | Site Description

Field visit helps in uii'dcrsl:anding various geographical concepts elements

and process through direct experiences. Field trip reports improve the
educational value of a trip. The trips deal with the spatial relations among
data and the time relationships like the cultural history or geological
processes.

Aims of the Activity

6 | No of students and teachers Boys:18 Girls: 16 Faculty: 4 Total: 38

present
7 | Detail report of the The department of Geography had arranged an educational tour for
programme /activity completing the field work of third year B.A students as per kbecnmu

curriculum. A few members of our team went to collect some socio-
economic data from Lataguri GP along with the teacher. The most
interesting thing was Nilkanth Dham Swaminarayan Temple is located at
Poicha village on the bank of river Narmada. It is beautiful swaminarayan
temple constructed in large area and one of the most amazing pilgrimages
attracts people around Gujarat. The teachers of our college discussed the
historical and cultural aspects of The Statue of Unity is the world's tallest
statue at 182 metres (597 ft). The project took form in 1979 as part of a
development scheme to increase irrigation and produce hydroelectricity.
The dam was inaugurated by Prime Minister Modi on 17 September
2017.0ne of the 30 dams planned on river Narmada, Sardar Sarovar Dam
(SSD) is the largest structure to be built. It is one of the largest dams in the
world.
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8 | Conclusions and The fieldwork enabled the students to understand thegeographical, social
Recommendations economic, historical, cultural etc. types of information of a field can be
collected by field visit..It gave a firsthand experience to young geographers
in handling and extrapolating geographical data with local realities.
Awareness programme should be brought to the local people of the area
concerning the agricultural practices and allied activities to safeguard the
health of the stream. vi
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PREFACE

We are very glad to submit this tour report, alter excursion in Devmogra, Sardar Sarovar
Dam, Kuber Bhandar and Poicha, Gujarat, India. Excursion is a part of Geography study. Field
work and observation help to us understanding Geographical tacts and their relathion with our
life.

The excursion is very successful and beneficial because of the guidance and planning of
our teacher in charge Prof. F.R.Kahndekar and Prof. R.R.Deore. Assistant Professor, Department
of Geography.

We are very graieful to Prin. Dr. Prof. V.S.Shrivastav, Prof.F.R. Khandekar, Head,
Department of Geography, Dr. AR Buyar, Prof. M.B.Patil. Dr Sanjay kaple, Dr. §.5. Bhavsar

JProf. Pramod Borse, Prof. lalsing Valvi, Prof. Suresh Valvi and non teaching staff for their

valuable coordination.
Place: Nandurbar
Date: {/ /2022
Student Name:
Roll No.

Class: SY.B.Sc/T.Y.BA/MA






INTRODUCTION

Geography is fundamental to the study of tourism, because tourism is geographical in
nature, Tourism occurs in place, it involves moment and activities between places and it is an
activity in which both place characteristics’ and personal self-identities are formed, through the
relationships that are created among places, landscaps and people. Physical geography provides
the essential background, against which tourism places are created and environment impacts and
cancers are major issues that must be considered in managing the development of tourism places.

Our civilization is greatest in the world because our country is only an example of the
unity in divest. It has also and example of secularism. Men and Women of many religious,
castes, sects, living together. So we are proud of its rich and various heritages. It is also
glimpses of the cultural variety dressing, food, Language, tradition and custom. All these things

are observed and analyzed geographically.

About Nilkanth Dham Swaminarayan Temple:

Nilkanth Dham Swaminarayan Temple is located at Poicha village on the bank of river
MNarmada which is about B0 kms from Bharuch and 60KM from Vadodara. It is beautiful
swaminarayan temple constructed in large area and one of the most ;mmzir;g pilgrimages attracts
people around Gujarat.

You can have divine experience by visiting Sahajanand universe, Nilkanth dham and
surrounding. The place is very well connected from Vadodara (Baroda) or Bharuch and can be
reached from any of the below routes: The Nilkanthdham Swaminarayan Temple is located in
Poicha village near Rajpipla Narmada District in Gujarat. This temple was built in 2013 and built
under taken shree vadtal Swaminarayan temple. In The Evening time Nice and attractive
Lighting Decoration is most beautiful View temple.Many visitors visit this temple daily. Now a
days Nilkanthdham Dham Built a New Sahjanand University It is Very Interesting and attractive
Place. In this sahjanand University.

A Big Idol of Lord Swaminarayan .The Idol's height is 152Ft.Sahjanand University is
Spread 24 Acers land .Sahjanand University Timing is 11:00 Am to 8:00 Pm. The water
surrounding the temple makes it outstanding and eye soothing. Aarti and light decoration in the
evening makes the place surreal and divine. completely beautiful and the Nilkanth Dham

Swaminarayan and to all God's will be in the morning 108 avtar Tol00% very good condition.



All around the year you can go for visit the Temple. Make sure before you go please
conform that the temple is open for visitor incase the temple closed for the any reason. The Statue
of Unity is a colossal statue of Indian statesman and independence activist Sardar Vallabhbhai
Patel (1875-1950) who was the first Home minister of independent India and the chief adherent
of Mahatma Gandhi during the non-violent Indian Independence movement; highly respected for
his leadership in uniting the 562 princely states of India to form the single large Union of India.
It is located in the state of Gujarat. India. It is the world’s tallest statue with a height of 182
metres (5397 fu). It is located on a river island facing the Sardar Sarovar Dam on river Narmada in

Kevadiya colony, 100 kilometres (62 mi) southeast of the ¢ity of Vadodara.

FEATURES:

The project was first announced in 2010 and the construction of statue started in October
2013 by Larsen & Toubro, who received the contract for 2,989 core (US$420 million). It was
designed by Indian sculptor Ram V. Sutar, and was inaugurated by Indian Prime Minister
Narendra Maodi on 31 October 2018, the 143rd anniversary of Patel's birth. .The Statue of Unity
is the world's tallest statue at 182 metres (597 ft).

It rises 54 metres (177 ft) higher than the previous record hnider: the Spring Temple
Buddha in China's Henan provinee.[30] Within India, the record was earlier held by the 41 m
(135 ft) statue of Hanuman at the Paritala Anjaneya Temple near Vijayawada in the state of
Andhra Pradesh. The statue can be seen within a 7 km (4.3 mi) radius. The monument is
constructed on a river island named Sadhu Bet, 3.2 km (2.0 mi) away from and facing the
Narmada Dam downstream.

The statue and its surroundings occupy more than 2 hectares (4.9 acres),|citation needed]
and are surrounded by a 12 km (7.5 mi) long artificial lake formed by the Garudeshwar weir
downstream on the Narmada river. The statue is divided into five zones of which only three are
accessible to the public. From its base to the level of Patel's shins is the first zone which has
three levels and includes an exhibition area, mezzanine and roof. Zone | contains a memorial
garden and a museum. The second zone reaches up to Patel's thighs at 149 metres, while the third
extends up to the viewing gallery at 153 metres. Zone 4 is the maintenance area while the final
zone comprises the head and shoulders of the statue. The museum in zone 1 catalogues the life of

Sardar Patel and his contributions, An adjoining audio-visual gallery provides a 15 minute



presentation on Patel and also describes the tribal culture of the state. The concrete towers which
form the statue's legs contain twoe elevators each. Each lift can carry 26 people at a time to the
viewing gallery in just over 30 seconds. The gallery is located at a height of 153 metres (502 fi)
and can hold up to 200 people

Sardar Sarovar Dam

The Sardar Sarovar Dam is a gravity dam on the Narmada river near Navagam, Gujarat in
India. Four Indian states, Gujarat, Madhya Pradesh, Maharastra and Rajasthan, receive water and
electricity supplied from the dam. The foundation stone of the project was laid out by Prime
Minister Jawaharlal Nehru on 5 April 1961,

The project took form in 1979 as part of a development scheme to increase irrigation and
produce hydroelectricity. The dam was inaugurated by Prime Minister Modi on 17 September
2017.0ne of the 30 dams planned on river Narmada, Sardar Sarovar Dam (55D) is the largest
structure to be built. It is one of the largest dams in the world,

It is a part of the Narmada Valley Project, a large hydraulic engineering project
involving the construction of a series of large irrigation and hydroelectric multi-purpose dams on
the Narmada River. Following a number of controversial cases before the Supreme Court of
India (1999, 2000, 2003), by 2014 the Nurmada Control Authority had ;1prpr(wcd a series of
changes in the final height and the associated displacement caused by the increased reservoir,
from the original 80 m (260 fi) to a final 163 m (533 ft) from foundation. The project will irrigate
maore than 18,000 km2 (6,900 sq mi), most of it in drought prone areas of Kutch and Saurashtra.
The dam's main power plant houses six 200 MW Francis pump-turbines to generate electricity
and include a pumped-storage capabilitv. Additionally, a power plant on the intake for the main
canal contains five 50 MW Kaplan wrbine-generators,

The total installed capacity of the power facilities is 1,450 MW.The dam irrigates 17,920
km2 (6,920 sq mi) of land spread over 12 districts, 62 talukas, and 3,393 villages (75% of which
is drought-prone areas) in Gujarat and 730 km2 (280 sq mi) in the arid arcas of Barmer and
Jalore districts of Rajasthan. The dam also provides flood protection to riverine reaches
measuring 30,000 ha (74,000 acres) covering 210 villages and Bharuch city and a population of
400,000 in Gujarat.

Saurastra Narmada Avataran Irrigation is a major program to help irrigate a lot of regions

using the canal's water. In 2011, the government of Gujarat announced plans to generate solar



power by placing solar panels over the canal. making it beneficial for the surrounding villages to
get power and also help to reduce the evaporation of water. The first phase consists of placing
panels along a 25 km length of the canal, with capacity for up to, 25 MW of power. The dam is
one of India’s most controversial, and its environmental impact and net costs and benefits are
widely debated. The World Bank was initially funding SSD, but withdrew in 1994, The Narmada

Dam has been the centre of controversy and protests since the late 1980.

LIST OF STUDENTS
SR.NO | NAME CLASS
1 More Deepak Shukla TXB.A
) Pavra Pragati Ratilal TY.BA
3 Paura Jayshree Maka TYB.A
4 Mohammed Maaz Abdul Majid TY.BA
5 Kokani Archana Bhivarlal TYB.A
6 Gavit Sonali Rajesh TYB.A
7 Thakre Vilas Anil T.YB.A
[8 | Pawara Mosambi N. T.Y.BA
9 | Gawali Khushal Krishna TYBA
10 Gavit Rohit Vantu T.YB.A
11 Valvi Vilesh Udesing T.YB.A
12 Vasave Anil Vanya TY.B.A
13 Padavi Bahadursing Vikramsing TYB.A
14 Shewale Hitesh Mohan T.Y.B.A
15 WValvi Rahul Tedva SYBA
16 Naik daksha MATI
17 Naik Vandana M.ATI
18 Padavi Lakshmi Kalusing MAI
19 Padavi Kaveri Chhagan MAT
20 Ahire Yogita Shankar MAT
21 Mahire Netradipak M.A I
22 Bhil Monika M.ATI
23 Vasave Prashant M.AI
24 Naik Sanjay M.A1
25 Vasave Manisha M.AI
26 Tadvi Tumlya Ramjya MAI
27 Thakre Sachin T.Y.B.A =
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Collaboration/Linkage Certificate

To whomsoever it may be concern

This is to certify that Dr. Manohar RajendraPatil Department of Chemistry—
(Patil Arts, Commerce and Science College, Nandurbar-425412 has rescarch collaboration
(since 2020)with P.R.High School Societie’s Arts , Commerce and Science College,
—for sharing the research ideas, exchange of reprints of
our research papers and for the sample characterizations. We have jointly worked on
research topics related to the application of nanoparticles and have published the research

work in reputed international journals.

We have further extended this linkage with both the Chemistry departments to review the
curriculum, teaching practices and discuss ways in which courses could be revised to

promote scientific knowledge among the students.

Place: D kﬂ’fﬂ?b\B% 4 Youts Sincerely
' ’ (o PRINCIPAL
A ‘ pr? Arts. Commerce & Science College
{Prof. i{g&z‘ﬂ:ﬂ“ﬂ Dharangaon, Dist. Jalgaon
cipal
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RESEARCH COLLABORATION

This RESEARCH COLLABORATION is entered into, on this date 01/07/2021

BETWEEN
NTVS’s G. T. Patil Arts, Commerce and Science College, Nandurbar-(425412) represented
herein by Principal, Prof. V. S. Shrivastava (hereinafter, referred as ‘First Party’, include its

successors — in-office, administrators and assigns).
AND

Dadasaheb Devidas Namdeo Bhole College, Bhusawal-425201 represented herein by Principal,
Prof. Dr. R. P. Phalak (hereinafter, referred as ‘Second Party’, include its successors — in-office,

administrators and assigns).

(First Party and Second Party are hereinafter jointly referred to as ‘Parties’ and individually as
‘Part}”) *

NOW THEREFORE, IN CONSIDERATION OF THE MUTUAL PROMISES SET FORTH
IN THIS MoU, THE PARTIES HERETO AGREE AS FOLLOWS:

o Project-Based Learning: First Party shall design project-based activities especially for

Science, Technology, Engineering and Mathematics (STEM) subjects for students of
Second Party helping them excel in these subjects.

e Training: First Party shall design modules for training on recent technologies and share
knowledge with teachers and students of Second Party.

o Career Counseling: First Party shall conduct exclusive sessions with students of Second

Party on futuristic careers in the fields of Science & Engineering, Commerce &
Management, Pharmacy, etc.

e Student Connect: Second Party shall share student details with First Party for one-to-one

interaction and guidance on projects, models, skill development, career enhancement etc.

* College Tour: Get students of Second Party to experience a guided tour to campus,

colleges, classrooms, laboratories, libraries, etc. of First Party.
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e Newsletters: Students of Second Party shall have access to newsletters of First Party.

* Events: Students of Second Party will be regularly invited to be part of knowledge-based

cvents and activities of First Party.

e Resource Sharing: Teachers and Students of Second Party will have access to online

repositories of First Party for educational purpose.

e Partner: Partics may mention as Partner on their website.

e Alumni Conncet: First Party shall help to connect Alumni of both Parties.

e Validity: This Collaboration shall be valid for 5 years from the July, 2021 and each party

shall be at full liberty to terminate the collaboration with mutual consent.

e Free of Cost: The services herein are free of cost for education purpose.

For

Dadasaheb Devidas Namdeo Bhole

College, Bhusawal-425201

Signature:

adogs
LI C

PR,

Name: Prof. Dr. R. P. Phalak
Designation: Principal

Date:01/07/2021

Seal:

For
NTVS’s G. T. Patil Arts, Commerce and
Science College, Nandurbar-425412

~— A
ﬁ M/‘// ‘ )

(Prof. Dr. V. S. Shri
ncipal
PRINCIPAL
G T.Patil Ans,Commerce &
Science College
MANDURBAR - 425 312(M S

Signature:
Name: Prof. V. S. Shrivastava

Designation: Principal

Date: 01/07/2021

Seal:
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ABSTRACT

Edible vegetable oils were gelled by using N-(2-aminoethyl)-oleamide. Qils in their free state
were subjected to differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA)
analysis. The gels of these oils were prepared by using N-(2-aminoethyl)-oleamide as gelator and
similar thermal analysis of the gels was carried out. The thermal analysis data obtained was used
to determine specific heat capacity at constant pressure (Cp). The values were compared with the
reported values of heat capacities. It is observed that the thermal properties and transitions of oils
and gels, specific heat capacity is helpful parameter to understand the fundamentals of gels and

gelation strategies.

Keywords: Organo-gelator, Gelation, Heat capacity, Thermal analysis, TGA, DSC.

INTRODUCTION

The vegetable oils and fats are composed
of different triacylglycerols (TAG), i.e., esters of fatty
acids and glycerol. The chemical as well as physical
properties of oils and fats are related to their fatty
acid and triacylglycerol composition." In many food
products, crystallization and melting behavior of the
oils are important properties for functionality. These
thermal properties are important for identification
of vegetable oils and can be used in quantitative
and qualitative ways.?® In confectionery, dairy and
margarine industries, some of these vegetable

fats like milk fat, hydrogenated fats, cocoa butter,
etc. exhibits specific thermal behavior, relating to
their useful properties in food formulations and
their enormous use. It is necessary to know the
physical properties, chemical composition and
thermal behavior of the edible vegetable oils for
a sufficient control of processes and for framing
standard parameters for each desired use.” The
specific heat capacity at constant pressure (C)) can
be considered as one of the important and useful
physical properties. The information of the specific
heat capacities of the oils is very useful to determine
their behavior during different industrial processes.

This is an
Published by Oriental Scientific Publishing Company © 2018

Open Access article licensed under a Creative Commons license: Attribution 4.0 International (CC- BY).
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EXPERIMENTAL

Materials

The oils viz., sesame oil, mustard oil,
citriodora oil were purchased from local market.
All the chemicals (extra pure) used for synthesis of
gelator were purchased from Fisher Scientific.

Instrumentation
TGA-DSC analysis

The TGA-DSC analysis of the synthesized
gelator was carried out at Central Instrumentation
Facility, Shivaji University, Kolhapur and is reported
in our previous communication.®

Synthesis of gelator and the gels

As reported in our earlier communication,
several amide-based gelators were synthesized by
using oleic acid as the precursor. Characterization
of the synthesized gelator was done by using FTIR,
'"H-NMR, ®C-NMR and Mass Spectral Analysis. A
weighed quantity of the synthesized organo-gelators
was added to the oil and the mixture was heated until
all the gelator dissolves completely. The solution was
then cooled to room temperature. Opaque gel forms
slowly on cooling which was confirmed by inverting
the tube.®

RESULTS AND DISCUSSION

Oils derived from wide variety of plants are
an essential part of almost all the food products, and
their structure related properties play a vital role in
the production. The stat-of-the art exploration of
these materials makes it essential to understand the
complex structures and properties of these valuable
materials. In addition to that, thermal analysis is the
key tool in the arsenal of analytical chemistry for
the elucidation of the structure related properties of
these materials.®'°

Although, a systematic thermal analysis
of variety of oils and food materials using TGA-
DSC has already been reported very aptly in the
literature and the results have been discussed very
systematically."-'* However, adequate reports have
not been found on the detailed thermal analysis of
the gels of ails, in particular the specific heat capacity
measurements of such gel using thermal methods.
In the following pages, thermal profiles of citriodora
oil, mustard oil, sesame oil and their corresponding

1497

gels with N-(2-aminoethyl)-oleamide have been
discussed thoroughly.

Thermal analysis of Citriodora oil, N-(2-
aminoethyl)-oleamide and gel
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Fig. 1. TGA-DSC analysis of citriodora oil,
N-(2-aminoethyl)-oleamide and gel

The closer scrutiny of the Fig. 1a, TGA of
N-(2-aminoethyl)-oleamide and gel reveals a very
sharp single stage decomposition over 300°C. The
citriodora oil, a blend of triglycerides and free fatty
acids, shows measurable pattern of decomposition
as a function of temperature and possibly it
is attributed to the composition and structural
mesophasic changes occurred in such type of
blends." In Fig. 1b, the heat flow response and the
formation of endothermic pattern for citriodora oil,
N-(2-aminoethyl)-oleamide and their gel provides
sound information about the smectic or mesophasic
changes encountered in the oil and the gel. To our
delight, it is to be observed that the resulting gel
have transitory response between oil and gel.

Thermal analysis of Mustard oil, N-(2-aminoethyl)-
oleamide and gel
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Fig. 2. TGA-DSC analysis of mustard oil,
N-(2-aminoethyl)-oleamide and gel

The closer scrutiny of the Fig. 2a, TGA
of mustard oil, N-(2-aminoethyl)-oleamide and gel
reveals a very sharp single stage decomposition
over 300°C. In Fig. 2b, the heat flow response and
the formation of endothermic pattern for mustard oil,
N-(2-aminoethyl)-oleamide and their gel provides
sound information about the smectic or mesophasic
changes encountered in the oil and the gel.

As mentioned earlier, all oils are blend
of triglycerides and free fatty acids, and exhibited
measurable pattern of decomposition as a function
of temperature and possibly it is attributed to the
composition and the structural mesophasic changes
occurred in such type of blends.! It is to be noted
that in case of mustard oil and its gel with N-(2-
aminoethyl)-oleamide, interesting pattern of heat flow
and endo-peaks have been observed in which the oil
have a transitory response between gel and a gelator.

Thermal analysis of Sesame oil, N-(2-aminoethyl)-
oleamide and gel
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Fig. 3. TGA-DSC analysis of sesame oil,
N-(2-aminoethyl)-oleamide and gel

The closer scrutiny of the Fig. 3a and
3b, TGA-DSC of sesame oil, N-(2-aminoethyl)-
oleamide and gel reveals quite a similar pattern of
decomposition as well as heat flow as a function of
temperature with the previous mustard oil systems.

The utility of thermal methods towards the
determination of thermal properties of oils or fats is
one of the major areas of the application of thermal
analysis (TGA-DSC). Till date, the thermal properties
of quite a large number of oils and fats have
extensively been studied using thermal methods like
TGA and DSC. It is to note that the properties of oils
and fats are intensely influenced by physio-chemical
interactions, specifically among ftriglycerols (the
fundamental species in oils and fats). The present
literature also reveals that the physicochemical
interactions present in the oils and the fats are
very complicated, and a complete information and
knowledge of their thermal properties requires a
thorough examination of such interactions. As it is
fact that we cannot have any first-hand information
about the chemical composition of oils and fats
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based on these experiments. However, we can have
a sound information about the science of the key
thermodynamic changes that are associated with the
phase transformation in the oil. Furthermore, these
thermodynamic features are strongly depending on
the general chemical composition of oils and fats
and hence can be used for identification and full
scope exploration of oils and fats, in qualitative and
quantitative ways.

Thermal method (DSC) is particularly
useful for studying the structure related interactions
within the triglycerol components, because these
techniques provide fundamental of the phase
equilibrium diagrams for the studied systems, which
provide a prowess of structure related information.
It is also fact that beyond the compositional
variation and their structure related interactions, the
temperature-dependent polymorphic behavior of
triglycerols in oils is responsible for their complicated
thermal properties. On the other hand, DSC has
advantage not only for thermodynamic analysis,
but also for isothermal analysis of the system.
Notably, the DSC profiles can also be explored
towards the determination of one of the most
important thermodynamic properties, i.e., specific
heat capacity very systematically'>'". In the following
pages, the specific heat capacity data for the studied
systems are presented and discussed.

Specific heat capacity (C) of Citriodora oil, N-(2-
aminoethyl)-oleamide and gel
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Fig. 4. Variation of specific heat capacity (Cp) of citriodora
oil, N-(2-aminoethyl)-oleamide and gel as a function of
temperature

From the Fig. 4, it is to be said that
citriodora oil is the stable blend of triglycerols and
have low specific heat capacity values than the
corresponding gel.
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Specific heat capacity (Cp) of Mustard oil, N-(2-
aminoethyl)-oleamide and gel
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Fig. 5. Variation of specific heat capacity (C)) of mustard
oil, N-(2-aminoethyl)-oleamide and gel as a function of
temperature

The closure scrutiny of Fig. 5 reveals that
the gel of the mustard oil is quite stable as compared
to the mustard oil.

Specific heat capacity (C)) of Sesame oil, N-(2-
aminoethyl)-oleamide and gel
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Fig. 6. Variation of specific heat capacity (cp) of sesame
oil, N-(2-aminoethyl)-oleamide and gel as a function of
temperature

From the above Fig. 6, it is to be said that
the gel of sesame oil is comparatively stable than
the corresponding gel.

As we know, DSC is one of the widely
used instrumental techniques for determination of
the structure related properties of oils and other
biomaterials, and it is to be applied very aptly in
the field of oils and fats to understand wide variety
of complex reactions viz., phase transitions,
crystallization and melting processes, and lipid
oxidation in the oils. Notably, all the structure related
changes in oils and fats involve endothermic or
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exo-thermic reactions. However, DSC is considered
as a non-specific analytical technique in order to
measure the various structure related changes in
oils and fats.

As specific heat capacity curves of the
studied oils and their corresponding gels differ
considerably, there is a basis for qualitative detection
of adulteration or the presence of gelator from the
perspectives of pure oils as noticed in the DSC
curves (Fig. 1b, 2b, and 3b) as well as in specific
heat capacity curves (Fig. 4-6). However, based
on the characteristic composition, i.e., triglycerols
of individual oils, the attempts have been made
to comprehend the possible mechanism for the
H-bonding interactions between oil and the gelator
(Scheme 1).
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Scheme 1: Possible H-bonding interactions between
triglycerol part of the oil and N-(2-aminoethyl)-oleamide

CONCLUSION

The use of thermal analysis for

1500

understanding the gelation mechanism for the
gel formation between oils and N-(2-aminoethyl)-
oleamide on the basis of the chemical components is
attempted here. The influence of triglycerols may find
more information on further detailed investigation.
Considering the huge global market in oils and
gels, DSC could indeed be a useful technique for
understanding thermal properties of oils and gels
through characterization of the curves. In addition to
that, new perspectives in the application of thermal
methods to extract quality information about the
studied systems are desirable. In the present study, it
is found that the thermal properties and transitions of
oils and gels, specific heat capacity is a benchmark
parameter to understand the fundamentals of gels
and gelation strategies. The DSC and thermal
techniques are found to be very interesting for
its application in food and related technology for
academicians, researchers and industries in different
sectors of food manufacture.
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To, December 2022

Applicant: Kirankumar Madhav Nehete
Subject: Request to facilitate lab for Research work.
Reference: Provisional registration No. for Ph. D

Guide Name: Dr. Gaurav Ramesh Gupt.

1 (KBCNMU/11/PGR/CHEMISTRY/151 8/2020).

Respected Sir,

Most respectfully I would like to state that myself Kirankumar Madhav Nehete currently
seeking for admission of Ph. D in Chemistry (PET-2021) under the guidance of Dr.Gaurav
Ramesh Gupta. Currently I am working in a paints and coating industry and taken alignment
from my current employer to take admission in Kavayitri Bahinabai Chaudhari North
Maharashtra University in the faculty of Chemistry. With the same context I want to proceed
a research work in your collage lab under the guidance of Dr. Ramesh Gupta.

I would like to request you to allow me to work in your lab on PhD project. 1 will pay all the
legal fees and other expenses required as per request and follow the rules and regulations of
your college and university. I would like to request to you to kindly do needful.

Sincerely,
oy

Kir. ar Madhav Nehete

Attachment:
1. Permission letter from respective authority of employer (Asian Paints)
2. MOU sign with employer for Ph. D related work.

3. University Provisional admission letter
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Asian Paints Limited
oLty Tl Fle

asianpaints K

Ref. No.: 110891
Date: October 04, 2022

TO WHOMSOEVER IT MAY CONCERN

This is to certify that Mr. KIRANKUMAR NEHETE (Employee No. 110891) is in the employment of our
Company since September 14, 2011 till date. Currently, Mr. KIRANKUMAR is working as ASSISTANT
MANAGER - TECHNOLOGY at TURBHE, TURBHE.

This is to state on record that the company has no objection against Mr. Kirankumar Nehete pursuing the
PhD program at Kavayitri Bahinabai Chaudhari North Maharashtra University, Jalgaon or against him being
involved in any publications related to this PhD. In this regard, a suitable Non-Disclosure Agreement (NDA)
has been signed between Mr. Kirankumar Nehete and the company in September 2022 and the same is
enclosed with this letter.

For Asian Paints Limited
Abhishek Chopra

Associate General Manager - Human Resources



Asian Paints Limited

Asian Paints Limited Tel: (+9122) 6250 3434 / 3535
. Plot No, C- 38/, TTC Industrial Aren P (+9122) 250 3650
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aSlanPalntS Turbhe, Navl Mumbal - 400 703 Wwwaslenpaints.com

Non-Disclosure Agreement

THIS NON l'J'IS'Es OSURE AGREEMENT (the "Agreement") is made and executed at
Mumbai as onI_ ayof  September, 2022

BETWEEN

Asian Paints Limited, a company incorporated under the Indian Companies Act, 1913
and governed under the Companies Act 1956 and the Companies Act, 2013, having its
registered office at 6A, Shantinagar, Santa Cruz (East), Mumbai -400 055 (hereinafter
referred to as "APL", which expression shall unless it be repugnant to the context or
meaning thereof, be deemed to mean and include its successors in business and assigns)
of the One Part

AND

KIRANKUMAR NEHETE, 36 an Indian citizen, having Permanent Account Number:
AICPN3645E and residing at 505 Sadguru Universal Set 17,Khanda Colony Panvel,
410206. having its registered office at, (hereinafter referred to as the “Company”, which
expression shall unless it be repugnant to the context or meaning thereof, be deemed to
mean and include its successors in business and permitted assigns) of the Other Part.

WHEREAS;

A. APL has been inter alia carrying on the business of manufacturing, selling and distributing
paints, varnishes, primers and the like as manufacturers, sellers and distributors throughout
India.

B. APLis desirous of NDA for employee (Kirankumar) who is pursuing further education (PHD).

C. For the aforementioned purpose APL Is desirous of engaging/evaluating some
consultant/contractor who will provide the NDA for employee (Kirankumar) who is pursuing
further education (PHD), (hereinafter for the sake of brevity referred to as "the Business
Purpose”).

D. In the process; APL would be required to share certain Confidential information and
intellectual property of APL. information, There could be a possibility that in this engagement,
; : ceived is

Corporate Identification Number (CIN): L24220MH1845PLC004598
For HR related queries, emall to careers@aslanpaints.com
For Media related quaries, small to profice@asianpaints.com
For Shares related queries, amall to Investor.relations@aslanpaints.com
For Consumer querias/complaints/Dealership enquiries, email to customercare@asianpaints.com

Registered Office : Aslan Paints Limited, 64, Shantinagar Santacruz (East) Mumbal - 400 0S5. tel : (022) 62181000 Fax : (022) 6218 THI
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5 . Plot No, C - 3B, TTC Industriol Area  Fax: (+9122) 6250 3650
asia nP al nts mhl:um ;r‘m'n m% ;lm www.aslanpaints.com

X.  Implement controls to safeguard confidentiality and Integrity of Indirect data arising of personal
data processing required to be retained by law;

xl.  Not by any act or omission, cause APL or any authorized user to be in breach of any legal
requirement of which APL has previously informed Company in writing

16.ENTIRE AGREEMENT:

This Agreement represents the entire agreement and understanding between the Parties
with respect to its subject matter and supersedes any prior or contemporaneous
discussions, representations, or agreements, whether written or oral, of the Partles
regarding this subject matter.

17. SEVERABILITY:
If any provision of this Agreement or part thereof is rendered void, illegal or
unenforceable in any respect under any law, the validity, legality and enforceability of the
remaining provisions shall not in any way be affected or impaired thereby.

IN WITNESS WHEREOF, this Agreement Is executed as of the date first above written.

ASIAN PAINTS LIMITED KiranKumar Nehete

Ny
BY;@:&E{,U ¥uomoy GG&( By: }< ~“"'~"}E'J"“JD_s

(Signature) (Signature)

Corporate Identification Number (CIN): L24220MH1045PLC004598
For HR related querles, emall o careers@asianpaints.com
For Media related querles, emall to proffl asl@npaints.com
For Shares related queries, emall to Invesior.relat aslanpaints,com
For Consumer queriaa/complal nts/Dealership enquiries, emall to customercare@asianpaints.com

Registered Office : Aslan Paints Limited, 6A, Shantinagar Santacruz (East) Mumbal - 400 055. tel: (022) 62181000 fax : (022) 6218 MM
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KAVAYITRI BAHINABAI CHAUDHARI NORTH MAHARASHTRA UNIVERSITY, JALGAON

KBCNMU/11/Ph.D./Chem./Online/2022 Date : 01-12-2022

To,

Mr. KIRANKUMAR MADHAV NEHETE

Subject:- Provisional admission to Ph.D. Course in the Subject of Chemistry under the faculty of Science and Technology

Dear Student,

With reference to the above subject, it is to inform you that, based on your qualification/exemption for the PET 2021 examination, and
allotment of guide, you are provisionally registered for Ph.D. course from the date as mentioned below. Your Ph.D. registration will be confirmed
on successful completion of Pre-Ph.D. course work and presentation of research outline before RRC within a stipulated period as per rules (
Regarding the programme of conduct of the course work, you are requested to visit University's website https://www.nmu.ac.in ). The particulars
of your admission are as under:-

Sr. No. [Particulars

1. [Name of Guide Dr. Gupta Gaurav Ramesh

2. [Name of Co-guide

3. Place of Research Work [Laboratory / Research Center recognized by KBCNMU, Jalgaon

4. Provisional date of Registration IGuide Allocation Meeting 14-10-2022

5. Registration No. KBCNMU/11/Ph.D./Chem./907/2022

6. IApplication No. IPHD-2021-NVAEQI1 | Exemption | .

7. Fees Payment Details Paid Rs. 22750.00 on 12-12-2022 16:53:35

Your attention is also invited to the following points regarding Ph.D. course admission :-

1. You will have to abide by the rules made by the University from time to time as per provision under Section 60 of the Maharashtra Public
Universities Act, 2016 and the rules for the admission for Degree of Doctor of Philosophy (Ph.D.) as per the UGC (Minimum standards and
procedure for awards of Ph.D. degree) Regulation 2009 and 2016 and revised Ph.D. rules from time to time.

2. You are requested to pay the following fees as prescribed by the University Authorities from time to time within one month from the date of
issue of this letter. The yearly fees will be charged every year from the date of registration.

|A) To be deposited in the University

Sr. No. [Head First Year (Fee) Rs. Subsequent Years Fee Rs.
For Science & Other than Science & For Science & Other than Science &
Technology Technology Technology Technology
1. Provisional Registration Fees 1000/- 1000/- 0 0
2. JAdmission Fees 1500/- 1500/- 0 0
3. [Tuition Fees 8000/- 8000/- 8000/- 8000/-
4. Library Fee 1500/- 1500/- 1500/- 1500/-
5. Course Work Fee 3000/- 3000/- -- -
6. Coursework Examination Fees 1500/- 1500/- -- -
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7. [University Development Fund 1000/- 1000/- 1000/- 1000/-
8. Student Welfare Fund 200/- 200/- 200/- 200/-
9. Student Aid Fund 100/- 100/- 100/- 100/-
10.*  |Laboratory Fee * 3000/- 0 3000/- -
11. IComputer and Internet Charges 1000/- 1000/- 1000/- 1000/-
12. -Suvidha 50/- 50/- 50/- 50/-
13. [Extra Curricular Activities 250/- 250/- 250/- 250/-
14. [Magazine Fee 60/- 60/- 60/- 60/-
15. [dentity Card Fee 100/- 100/- -- --
16. IGymkhana, Sports Activities 200/- 200/- 200/- 200/-
17. IAshwamedha Fee 50/- 50/- 50/- 50/-
18. [Yuva Mahotsav Fee 50/- 50/- 50/- 50/-
19. iGroup Insurance Charges 40/- 40/- 40/- 40/-
20. Disaster Management 100/- 100/- 100/- 100/-
21. [Medical Fee 50/- 50/- 50/- 50/-
[Total (without deposits)(A) 22750/- 19750/- 15650/- 12650/-
* The fees from Second year onwards shall be deposited at concerned Research Center.
B) To be deposited at the concerned approved Research Center
22.  [Library Deposit 3000/- 3000/- 0 0
23.  |Laboratory Deposit 3000/- 0 0 0
[Total (B) 6000/- 3000/- 0 0
iGrant Total (A+B) 28750/- 22750/- 15650/- 12650/-
Note : 1. Rs. 100/- will be charged as late fee per month if the fees are not paid within the prescribed time limit.
2.  In case of revision of fee structure, the students will have to pay the revised fee accordingly.

3. You are required to apply for eligiblity certificate to the Research Section of this University after receipt of confirmed registration letter
within six months from the date of issue of confirmed registration letter. The eligiblity fee is Rs. 500/- and late fees of Rs. 1000/- will be
charged if the candidate fails to apply for eligiblity certificate within six months after confirmed date of registration.

4. To obtain eligibility ceritifcate within one year from the date of issue of confirmed registration letter is mandatory. otherwise your

admission is liable to be cancelled..

Foreign/NRI students will have to pay five time of the existing fees as mentioned in the above Table as mentioned in 2 & 3.

The duration of Ph.D. course registration shall be valid upto six years from the date of Provisional registration.

You will have to do your research (for Science, Pharamacy, Engineering & Technology) in the laboratory/Research Center of your guide

recognized by Kavayitri Bahinabari Chaudhari North Maharashtra University, Jalgaon. If the laboratory/Research Center of your guide is

not recognized, you have to work at another recognized laboratory/Research Center; however, in such case, you will have to take co-guide
from that place. You have to produce attendance certificate for working not less than 180 days with the concerned guide/co-guide
with application of asking permission for submission of synopsis.

8. It is must to publish at least one research paper in referred journal and make two paper presentations in Conferences/Seminars and produce
evidence for the same in the form of acceptance letter or the reprint.

9. If the candidate wish to cancel his/her registration or if his/her admission is cancelled by the University then all fees payable to his account
must be paid by the candidate.

10. You will have to pay late fee and/or fine as per the rules made by the University authorities from time to time.

11. You will have to produce original willingness letter received from guide at the time of document verification. If there is any discrepancy
found in verification of original documents and documents attached with the application form (eg : Caste Ceriticate / Validity Ceritificate /
Non-Creamy Layer which is applicable etc) your admission will liable to be cancelled.

SNow

Thanking you,

Yours faithfully,

sd/-

(V. V Talele)
Deputy Registrar
Research Section
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KAVAYITRI BAHINABAI CHAUDHARI NORTH MAHARASHTRA UNIVERSITY, JALGAON

KBCNMU/M11/Ph.D./Chem./Online/2022 Dale ; 01-12-2022
To,
Mr. PRAVIN NAMADEO MORE

Subject- Provisional admission to Ph.D. Courss in the Subject of Chemisiry under the faculty of Sclence and Technology

Dear Studant,

With reference 1o the above subject, it is to inform you that, based on your gualification/exemplion for the PET 2021
examination, and allotment of guide, you are provisionally registered for Ph.D. course from the dale as mentioned below. Your Ph.D
registration will be confirmed on successful completion of Pre-Ph.D, course work and presentation of research oulline before RRC

.withi.n a stipulated period as per rules ( Regarding the programme of conduct of the course work, you are requested o visit
University's website hitpsJ/www.nmu.ac.in ). The particulars of your admission are as under:-

Sr. No. Latmlars

1. [Name of Guide . Gupta Gaurav Ramesh

2 MName of Co-guide

a. Place of Research Work Laboratory / Research Center recognized by KBCNMU, Jalgaon
4. [Provisional dale of Registration Guide Allocation Mesting 14-10-2022
. 5. |Registration No, KBCNMU/11/Ph.D./Chem./932/2020
6. Application No. PHD-2021-SXAGZS [ Examption | .
7. rees Payment Details Paid Rs. 22750.00 on 18-12-2022 12:31:08

Your attention is also invited lo the following points regarding Ph.D. course admission :-

1. You will have lo abide by the rules made by the Universily from lime to time as per provision under Section 60 of the
Maharashtra Public Universities Act, 2016 and the rules for the admission lor Degres of Doctor of Philosophy (Ph.D.) as per
the UGC (Minimum standards and procedure for awards of Ph.D. degrea) Regulation 2000 and 2018 and revisad Ph.D. rules
from time to time.

2. You are requested to pay the following fees as prescribad by the Universily Authoritles from tlime ta time within one month from
the date of issue of this letter. The yearly fees will be charged every year from the date of reglstration.

A} To be deposited in the University
5r. No., [Head First Year (Fes) Rs. Subsequent Years Feas Rs.

For Scienca & |Other than Sclence &| For Sclence & |Other than Science &
Tachnology Technology Technology Technology
1. [Provisional Registration Fees 1000/- 1000/- 0 o
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] AGREEMENT

THIS AGREEMENT is made on this 21¢ day of September 2022

BETWEEN

UPL Limited a Company incorporated under the Companies Act of 1956 and having its Registered Officea
al 3-11, GIDC, Vapl -396 195, Gujarat and Corporate Office at UPL House, 510/B2, Bandra Village 0iff
Western Express Highway, Bandra (East), Mumbai 400 051 (hereinafter referred to ‘the Company’) of the
ONE PART

AND

(Gujrat 393002 |hereinafter referred to ‘the Employee') of the OTHER PART.

| WHEREAS the employee had joined the Company on 2™ Fébruary 2004 His current designation is Group
! lead Formulations

AND WHEREAS on the request of the employee, Company has agreed to permit the employee to pursug
; -.‘-"T‘-. higher studies in Ph.D. during the tenure of the emploeyment and the delail of such course is mentioned in
: I:-: Schedule ‘A’ hereunder

f": AND WHEREAS Employee and the Company have agreed on various terms and conditions as follows

I, e

F - NOWIT IS AGREED BY AND BETWEEN THE PARTIES HERETO AS FOLLOWS:

[,/" - 1. (a) The expression “the Company” in this Agreement shall mean and include the
successors and assigns of as also any firm, person, or company subsidiary to or affiliated
with, or having a controlling interest in, the Company.

(b)  The expression "he”, "his" or other words imparting masculine gender shall be taken
to include feminine gender, where the Employee is a female.

"’ 2, The Company has agreed to permit the employee to pursue higher studies and/or
enhance the qualification as mentioned in Schedule ‘A’ of the employee during the tenure
of his employment with the Company,

3, The employee has agreed to carry out such studies without affecting his regular working

with the Company.,

4. The employee is permitted to utilize the Laboratory, and/for the library and/or other facilities
as may be made available to the employee from time 1o time with prior permission from
HOD/Unit Head. However, in case of any damages to the property of the Company. it will
be reimbursed by the employee.

The employee has agreed to continue working with the company at least for a period of 3
years from the date of completion of the enhancement quallfication/degree/doctorate. In
case the employee leaves and/or cease to be an employee of the Company for any reason
whatsoever, within a period of 3 years from the date of completion of the course. the
employee shall refund the entire amount paia by Company lowards the program else. it
will be recovered from the full and final settlement of the respective employez In any
event, the Company is at liberty to initiate any legal action/s against the employee as they
deem fit and recover such monies paid by the company towasds the program.

o

Page | 1
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11.

12.

13.

14,

The employee has agreed not to resign and/or do any acl which will make the company
to lerminate the employment of the employee with the Comparny

The employee has agreed to pay 50% of lhe annual Fees each year for a paeriod of 4
years Docloral program

Company has agreed o pay the balance 60% of the annual Fees undar the UPI
Philomath Docloral Assistance Program (“program”), each year lor a period of 4 years of
the program

During the tenure of program, if the employee leaves/ resigns voluntarily or il the
employee is terminated for any reason whatsoever, the employee will have to refund the
entire amount paid by the Company towards the said Docloral program and/or it would
be recovered from the full and final seltiement of the respective employee

During the tenure of this Doctoral program, if the institute suspends or expels the
employes due 1o any kind of misconduct as per the Institutions internal policy, Company
will have the right to terminate the employee from hisiher services with immediate effect
and the employee will have to refund the entire amount paid by the Company towards the
said program and/or it will be recovered from the full and final settiement of the employee

In case the employee is unable to complete his/her Doctoral studies within the period of
4 years, employee will have to refund the entire amount paid by the Company towards
the said Docloral program. In any event, the Company Is at liberty to initiate any legal

action/s against the employee as they deem fit and recover such monies paid by the
company towards the program

Employee agrees to indemnify the Company and keep it indemnified at all times against
all or any costs, claims, damages or expenses incurred by the Company, or for which the
Company may become liable, wilh respect to any Intellectual property Infringement claim
or other claim relating to the Works or Inventions by the Employes during the course of
this Agreement. I

Employee agrees that this agreemenl, along with the employee's appointment letter
together constitutes an entire agreement & understanding with the Company. All other
terms of the Appointment letter are valid together with this Agreement and other
subsequent agreement executed with the Company.

Employee acknowledges that in the course of sludies he/she shall nol share any
confidential information with the institule, Confidential Information means any and all
information in whatever form (Including without limitation, In written, oral, visual or
alectronic form or on any magnetic or optical disk or memary and wherever located)
relating to the business, customers, products, affairs and finances of the Company for the
time being confidential to the Company and trade secrels Including, withoul limitation,
RA&D data, technical data and know-how relaling lo the Business of Ihe Company, s
research, ils producits or any of s suppliers, cuslomers, agents, distributors
shareholders, managemenl or business contacts and Including (but not limited to)
information that the Employee creates, develops, recelves or ablains In connection with
his/her employment with the Company, whether or not such Informatien (s marked

canfidential



15 Na variation of this agreement shall be valid unless it 1s in writing and signed by or on
behalf of each of the parties

16 This agreement stated in Clause 10 and any dispute or claim arising out of or in connectian

with it or its subject matter or formation (including nan-contractual dispules or claims) shall
be governed by and consirued in accardance with the laws of Indla. The parties irrevocahly
agree that the courts of Mumbal shall have jurisdiction to seltle any dispute or claim that
arises out of or in connection with this agreement or Its subject matter or farmation

M WITNESS WHEREOF the parties have executed these presents the day, month and year first above
farinen

Skned and delivered by the j
ﬁmn named 'Company’ )
iy UPL Limited )
ough its Authorised Signatary )
]
J

'%@ - Shivsel-

& e presence of

1 Shiv Xower Sl %

{Sioned and delivered by the )
Winin named ‘Employee’ )
Prorvin N.Mare ) ﬁ____,
the presence of, ) Bt
e Kabo Ao 2 [_D]_, )
SCHEDULE A
‘ﬂ the Doctoral Institution Probable Duration and Probable
Program Commencement Date | Completion Date
W@ 7 Chemical Affiiated college under Kavayilrl | 4 years from Oclober 2022 | October 2026
e Bahinabai Chaudhari North
I Maharashira University Jalgaon I

"
B,

ALVOCATE & NOJARY ’ Red. No, @ﬁm
(Zovt. of Guj) R

Page | 3



R

il |

t 'i."" ?ﬂmm“mlﬂﬂlmmmn-ﬂlﬂlﬂhﬁiﬁmm PR 39S TR A2 11 PN 7 i 20T

i P

T

i . . ¥ ’ .'-:_ * & -
VREE PR Q1 -Baw-PUIE VIHY MRS B g SO 1B 1 P - % 2 (B 300 AR mnmn_mﬁ1mnh

¥

P E

Certificate No.
Certificate Issued Date
Account Reference
Unigue Doc. Reference
Purchased by
Description of Document
Description

Consideration Price (Rs.)

First Party
Second Party

Stamp Duty Paid By

Stamp Duty Amount(Rs.)

4
.

g
DN

-’l
1":1"-. : 2

— e e

P —————

~INDIA NON JUDICIAL

IN-GJ31540102917695U

21-Sep-2022 12:21 PM
IMPACC (AC)/ gj13380611/ ANKLESHWAR1/ GJ-BH

SUBIN-GJGJ1338061192590686165942U

JAGDISHBHAI PATEL

Article 5(g-a) Agreement - Construction / Development /
Sale / Transfer (Imm. Property)

AGREEMENT

0
(Zero)

UPL LIMITED UNIT 3
Not Applicable

UPL LIMITED UNIT 3

100
(One Hundred only)

0010831626

using -Shm?tmb.dll': App of Srack Holuing.

of tis Suarep mm‘m%mm hpp rendors
3 Thaa ind l"kn_‘"mm"mdl}.m
3 ht-d:qtﬂm.:rﬂi-m"mmw

l ' m' nqi of completion of the course. the
'] i

‘Certificate of Stamp Duty =07 =~

LER N

L.

* ¢ P LIITIED URIIT 3 LiPL LMD LINGT 3 L0 LHGETTED LT 3 Lol LT LT 5 AP ABATIE Lpbat T [ (i, LUATTIRL) NTT 3 P, LIANTIEDD GNIT I L LIGITTIOTS LT B Ly, LIPS T O LM, LIMATEE ST 3 L, LISETHE LAET B LB LIMITED LINIT 3P LIMITIED UBIT 8 LPL LTI LT i



LU ][ T ]
NANDURBAR TALUKA VIDHAYAK SAMITI s F;
G. T. PATIL ARTS, COMMERCE AND SCIENCE COLLEGE,
NANDURBAR, DIST- NANDURBAR-425412 (M.S.)

DST FIST tdentitind Collago

Awarded "Excellant College™ By North Maharoshirg Univarsity, Jolgaon 2014
® GOLDEN JUBILER YEAR 2014-15 @

MNAAC Re-Aceredited A

Pral De, V) % Shid ’ OMue - (D2564) ;'?2:'1 ¥, 226534
e P AL " P i
Prl“lflp.l p J I Wb swww nivagipeollege org
QT-P-c. Alvo-[977] Date: 25/03/2022
(b~ _
The principal, - & OIA
SSBT'S College of Engineering, "J“LM"

Bambhori, Jalgaon
Date: 25/03/2022

Subject: Allowing our students to work with Dr. Kiran S. Patil in your esteemed Institute

Respected Sir,

It gives me an immense pleasure to inform you that two of our faculties namely Dr. Gaurav R.
Gupta from Department of Chemistry GTP College, Namdurbar and Dr. Kiran S. Patil from
your esteemed Institute having research collaboration and I am sure this col laboration definitely
uplifts the standard of their research . In this regard, [ am requesting you please allow four of our
P.G Student [M.Sc.II: Organic Chemistry] namely Shubham V. Patil, Rahul A. Chavan, Rohit
D. Patil and Avinash More for the research with Dr. Kiran S. Fﬁ&l al your institute. Also, we
continues such collaborative research for the upliftment of the standard of the research,

Thanking You.

Yours Sincerely,




MEMORANDUM OF UNDERSTADING

This Memorandum of Understanding (hereinafier called as the 'MoU") is entered into, on this
date 30/04/2022 (DATE).

BETWEEN
Shram Sadhana Bombay Trust’s College of Engineering & Technology, Bambhori,
Jalgaon-425001 (M.S.), on behalf of SSBT’s Group of Institutions, represented herein by
Principal, Dr. Girish Kumar Patnaik (hereinafter referred as “First Party’, include its successors

- in-office, administrators and assigns).

AND

VS’s G. T. Patil Arts, Commerce and Science College, Nandurbar (NAME OF
SCHOOL) represented herein by Principal, Prof. V. S. Shrivastava (N AME) (hereinafter referred

as ‘Second Party’, include its successors — in-office, administrators and assigns).

(First Party and Second Party are hereinafter jointly referred 1o as ‘Parties’ and individually as
‘Part?')

NOW THEREFORE, IN CONSIDERATION OF THE MUTUAL PROMISES SET
FORTH IN THIS MoU., THE PARTIES HERETO AGREE AS FOLLOWS:

* Project-Based Learning: First Party shall design project-based activities especially for

Science, Technology, Engineering and Mathematics (STEM) subjects for students of
Second Party helping them excel in these subjects.

» Training: First Party shall design modules for training on recent technologies and share
knowledge with teachers and students of Second Party.

e Carcer Counseling: First Party shall conduct exclusive sessions with students of Second
Party on futuristic careers in the fields of Science & Engineering, Commerce &
Management, Pharmacy, eic.

o Student Connect: Second Party shall share student details with First Party for one-to-one

interaction and guidance on projects, models, skill development, career enhancement etc,
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College Tour: Get students of Second Party to experience a guided tour to campus,
colleges, classrooms, laboratories, libraries. ete. of First Party,

Newsletters: Students of Second Party shall have access to newsletters of First Party.
Events: Students of Second Party will be regularly invited to be part of knowledge-based
events and activities of First Party.

Resource Sharing: Teachers and Students of Second Party will have access to online
repositories of First Party for educational purpose.

Partner: Parties may mention as Partner on their website.

Alumni Connect: First Party shall help to connect Alumni of both Parties.

Validity: This MOU shall be valid for 3 years from the date 30/04/2022 (DATE) and
each party shall be at full liberty to terminate the collaboration with mutual consent.

Free of Cost: The services herein are free of cost for education purpose.

For

SSBT’s College of Engineering & Technology, NTVS’s G. T. Patil Arts, Commerce and

Bambhori, Jalgaon -425001(M.S.), Science College, Nandurbar-425412
on behalf of SSBT’s Group of Institutions

Signature:

Name: Dr. Girish Kumar Patnaik
Designation: Principal

Date: 3"57‘51‘/"29 12— ' Date:

PRINCIPAL
.- of Engineering & Technolog)
S M': m-hln-lm'lll.s.]

esignation: Principal

3004120 22

Seal:




To Date: 02/05/2022
Principal |

COET, Bambhori

Jalgaon

Subject: Need of hostel facility to the PG students [M.Sc. I1]

Dear sir,

As per above cited subject, the students of G.T Patil college
Nandurbar are visiting to our college in applied science
department for project related work. The MOU is done with
this institute. The visit of the students is planned in between
02/05/2022 To 2@/05/2022. kindly allowed them to stay at

1515)20929"
hostel on non-payment basis. )

LI Rl amnnei

The details are as below,

- College Name Students Name Mobile No.
G.T. Patil College | 1. Shubham V. Patil 9403698399

Nandurbar 2. Rohit. D. Patil 7768912265

» [M.Sc. I1] 3. Rahul A. Chavan 9834707452
~ 4. Avinash H. More 8888927493
5. Akshay Borse 8857032635

Kindly do the needful
Comaide Movqo&‘aﬂ«e%’ OMQ;D
Celler _c,},_LDQ,Q_‘,,;FS T N@-'-ﬂ"—‘-'?“—'f oy, ")rm}l'/
Qqar:/rﬂ‘m ’t‘*--\ TR"\';Z— hﬁ{-g—p HDD:M/
P'\EQ_.SQ be Q_MG'HZQGQ wse Bres 1) voun Pa&j’
(Bs 1of~ bers %mscm, 1:@:;{ FooW %Mc?ﬂﬂ CJ«axHjP—S j




hups:/sshtweb.com/VouchersEntryDemo.as px7id=0#!

$5BTs COLLEGE OF ENGINEERING AND TECHNOLOGY HOSTEL
Receipt Voucher
Name. : G.TPatil College Nandurbar
0. . mees Dated © 02082022

Paricuairs \ Amount \
Bceouny \ \

HOSTEL GUEST CHARGES

T00.00

CASH

On Account Of :
Received from Shubham V Patil Rohit D Patil Rahul A
Chavan Avinash H Mors ond Akshay Borasa against Hoslal
Guest Charges Rs 10 per persan per room par doy 14day
G.T.Patil Callege Nandurbar

Amounts (in words) :
Rupees- Seven Hundred Only

T 700.00

Principaiirecior
()




Karmaveer Bhausaheb Hiray

Mahatma Gandhi Vidyamandir's
Loknete Vyankatrao Hiray
Arts, Science & Commerce College

Affiliated to S.PP. Uni, Pune 1d. No. PU/NS/ASC/018 [1971]
Website : www.ivhcollege.com e-mail : lvhcollege@gmail.com

Re-Accredited by NAAC with ‘A’ Grade
Best College Award 2017 (S.P. Pune University)

Collaboration/Linkage Certificate

To whomsoever it may be concern Date: 31/03/2022

This is to certify that Dr. Manohar Rajendra Patil Department of Chemistry NTVS's G.T.
Patil Arts, Commerce and Science College, Nandurbar-425412 has research collaboration
(since 2017) with LVH Arts , Commerce and Science College, Panchavati Nashik-03
for sharing the research ideas, exchange of reprints of our research papers and for the
sample characterizations. We have jointly worked on research topics related to the

application of nanoparticles and have published the research work in reputed

international journals.

We have further extended this linkage with both the Chemistry departments to review
the curriculum, teaching practices and discuss ways in which courses could be revised to

promote scientific knowledge among the students.

Place : - Nashik

Yours Sincerely

N

| A PRINCIPAL
g
(Prof D:\J' ﬂg‘i’é’:' ; Ants, mi I.'l.thﬂ&any
——pricipa Panchavat, Nash - 42 003

PRINCIPAL
G.T.Patil Ans Commerce &
Science College
MAMDURBAR - 4?5412 (M £ )

Panchavati, Nashik - 422 003 (M.S.) INDIA Phone : 0253 - 2512924, 2628233, 2628234
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MOLECULAR SIMULATION
https://doi.org/10.1080/08927022.2020.1800690

Taylor & Francis
Taylor &Francis Group
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Solvent-free grindstone synthesis of four new (E)-7-(arylidene)-indanones and their
structural, spectroscopic and quantum chemical study: a comprehensive theoretical
and experimental exploration

Vishnu A. Adole®®, Ravindra H. Waghchaure®<, Sandip S. Pathade®®, Manohar R. Patil®, Thansing B. Pawar® and
Bapu S. Jagdale®?

?Department of Chemistry, Loknete Vyankatrao Hiray Arts, Science and Commerce College Panchavati (Affiliated to SP Pune University, Pune), Nashik,
India; °Department of Chemistry, Arts, Science and Commerce College (Affiliated to SP Pune University, Pune), Manmad, Nashik, India; “Department of
Chemistry, Arts, Commerce and Science College Karanjali (Affiliated to SP Pune University, Pune), Nashik, India; “Department of Chemistry, Maharaja
Sayajirao Gaikwad Arts, Science and Commerce College Malegaon (Affiliated to SP Pune University, Pune), Nashik, India; “Department of Chemistry,
G. T. Patil Arts, Commerce and Science College (Affiliated to KBC NM University, Jalgaon), Nandurbar, India

ABSTRACT

In the present examination, four new compounds of (E)-7-(arylidene)-indanone skeleton have been
synthesised using a grindstone chemistry approach; environmentally viable protocol. For a detailed
molecular structure description, some quantum-chemical calculations of (E)-7-(arylidene)-indanones
were performed by using the density functional theory method with a basis set B3LYP/6-311G(d,p). The
optimised molecular geometry, quantum and structural entities such as bond length, bond angle, total
energy, electron density distribution in highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO), charge distribution, electronegativity, absolute hardness,
softness, electrophilicity, chemical potential, charge transfer in molecules have been computed. All the
compounds are well characterised using analytical methods; proton magnetic resonance (PMR) and
carbon magnetic resonance (CMR) spectroscopy. Absorption energies, oscillator strength, and
transitions of all four molecules have been calculated at TD-B3LYP/6-311G(d,p) level of theory for
B3LYP/6-311G(d,p) optimised geometries. The molecular electrostatic surface potential plots have been
computed for the better understanding of reactive sites. Some thermodynamic functions were also
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Accepted 17 July 2020

KEYWORDS

DFT; B3LYP/6-311G (d,p);
HOMO-LUMO; molecular
electrostatic surface
potential; grindstone
synthesis

explored using theoretical calculations. All the calculations have been computed in the gas phase.

1. Introduction

The density functional theory based on theoretical quantum
calculations has been effectively used in various fields of science
[1-5]. Analysis of spectroscopic and quantum calculations is
found to be very significant to envisage various quantum
chemical parameters and thermodynamic aspects [6-10].
Some noteworthy examples of the application of Density func-
tional theory (DFT) are equilibrium isotopic fractionation,
cross-coupling reaction, pericyclic reaction, density-viscosity
study, catalysis, and photoelectronic applications [11-16].
DFT calculations are dependable and significant for deciding
the structure and various vital properties of molecules. Specifi-
cally, DFT calculations provide a good description of electronic
and chemical bonding and give harmonic frequencies in the
right agreement to experiment [17-19]. Quantum calculations
based on DFT for FT-IR spectroscopy have stepped forward to
the point where they could provide reliable vibrational spectra
corresponding to the experiment [20-24]. Arylidene indanone
scaffolds comprising of the characteristic indanone moiety with
exocyclic double bond attached to an aryl/alkyl/heteroaryl
group. Arylidene indanone scaffolds are found to exhibit an
amazing profile of biological properties. Arylidene indanone
motifs have been researched as inhibitors of monoamine oxi-
dase [25], tubulin assembly inhibitors [26], acetylcholinesterase

inhibitors in Alzheimer’s disease treatment [27], and inhibitors
of dual specificity phosphatase [28]. Importantly 2-arylidene
indanone structures have also been investigated as inhibitors
of leukemia [29], lung cancer [30], and breast cancer [31].
Additionally, they have been also found to be active as antimi-
crobial [32], antioxidant [33], anti-inflammatory [34], and anti-
malarial agents [35]. Donepezil is an outstanding medicine
which contains indanone structure; used as an inhibitor of
acetylcholinesterase in the Alzheimer’s disease treatment.
This medication improves neurocognitive function in patients
suffering from Alzheimer’s disease [36].

During the previous decade, there have been numerous
green methodologies developed for the synthesis of a variety
of organic compounds [37-47]. With the developing concern
of environmental health by chemical waste, it becomes extre-
mely appealing and important to imply green methods for
the synthesis of organic compounds. With this viewpoint, the
use of a solvent-free and grindstone chemistry approach for
conducting organic synthesis is most vital in terms of green
chemistry. Solvent-free processes are simple in terms of pro-
duct isolation subsequently reducing waste production and
ultimately cost also. In continuation of our previous work
and by considering these vital aspects, a successful attempt
has been made to apply a green strategy for the synthesis of ary-
lidene indanone motifs and investigate structural parameters

CONTACT Vishnu A. Adole @ vishnuadole86@gmail.com
© 2020 Informa UK Limited, trading as Taylor & Francis Group
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such as total energy, the electron density in highest occupied
molecular orbital and lowest unoccupied molecular orbital,
charge density, absolute electronegativity, softness, hardness
and electron transferred of previously synthesised arylidene
indanones. Additionally, the quantum-chemical calculations
were used for a better understanding of the various properties
as well as for an analysis of the geometrical parameters in the
title molecule.

2, Experimental
2.1. Methods and materials

1,2,6,7-tetrahydro-8 H-indeno[5,4-b]furan-8-one  was pur-
chased from Henan Tianfu Chemical Co., Ltd., Zhengzhou,
China, and other chemicals (Make: Merck, Sigma Aldrich,
and Avra synthesis) with high purity were purchased from
sigma laboratory, Nashik. The chemicals were used as received
without any further purification. Melting points were deter-
mined in open capillary and uncorrected. "H NMR and "°C
NMR spectra were recorded with a Bruker using CDCl; as a
solvent. Reactions were monitored by thin-layer chromato-
graphy using aluminium sheets with silica gel 60 F254 (Merck).

2.1.1. Experimental procedure for the synthesis of (E)-7-
arylidene-1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-8-ones

The room temperature solvent-free Claisen-Schmidt reaction
of 1,2,6,7-tetrahydro-8 H-indeno[5,4-b]furan-8-one (1,
8 mmol) and aromatic aldehydes (2,10 mmol) in the presence
of an equimolar quantity of solid KOH using mortar and pestle
that resulted in the formation of corresponding (E)-7-aryli-
dene-1,2,6,7-tetrahydro-8 H-indeno[5,4-b]furan-8-ones
(Scheme 1). The reaction was monitored by using thin-layer
chromatography (hexane-ethyl acetate; 7:3). The products
were isolated by adding ice-cold water and purified by using
hot ethanol.

2.1.2. Computational study

DFT calculations were performed using the Gaussian-03 pro-
gram package without any constraint on the geometry [48].
The geometry of the molecules studied in this is optimised by
DFT/B3LYP method using a 6-311G (d,p) basis set. The
FMO analysis and quantum chemical study have performed
using same basis set. Absorption energies (A in nm), oscillator
strength (f), and transitions of all four molecules have been cal-
culated at TD-B3LYP/6-311G (d,p) level of theory for B3LYP/
6-311G (d,p) optimised geometries. To investigate the reactive
sites of the title molecules, the molecular electrostatic potential
was computed using the same method. All the calculations were
carried out for the optimised structure in the gas phase.

o H
5 ) oa\©
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Scheme 1. (Colour online) Solvent-free synthesis of (E)-7-arylidene-1,2,6,7-tetrahy-
dro-8H-indeno(5,4-b]furan-8-one at room temperature.
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3. Results and discussion
3.1. Chemistry

As a model reaction when we performed solvent-free reaction
of 1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-8-one with 4-
methyl benzaldehyde, we ended up in the formation of corre-
sponding 7-arylidene indanone within 12 min. Inspired by
this fantastic outcome, we carried out a similar reaction with
other aromatic aldehydes and to our credit, all the reactions
yielded desired products in excellent yield and that within
twelve minutes (Table 1). The synthesised products have
been successfully characterised by using '"H NMR and "°C
NMR spectroscopic methods.

3.2. Physical and spectral data

(E)-7-(4-methylbenzylidene)- 1,2,6,7-tetrahydro-8H-indeno[5,4-
b]furan-8-one (3a): Yield: 95%; yellow solid; m.p. 108 °C;'H
NMR (500 MHz, CDCl3) & (ppm): 2.40 (s, 3H), 3.55 (t, /=
8.8 Hz, 2H), 3.94 (d, J=2.1 Hz, 2H), 4.67 (t, J=8.9 Hz, 2H),
7.02 (d, J=8.1 Hz, 1H), 7.31-7.22 (m, 3H), 7.59-7.52 (m,
3H);"’C NMR (126 MHz, CDCl;) § (ppm): 28.54, 31.99,
72.51, 112.54, 116.15, 118.52, 125.06, 125.29, 130.78, 130.86,
132.57, 134.15, 138.91, 139.84, 141.22, 160.78, 194.04.

(E)-7-(2-methylbenzylidene)-1,2,6,7-tetrahydro-8H-indeno
[5,4-b]furan-8-one (3b): Yield: 93%; yellow solid; m.p. 140°C;'H
NMR (500 MHz, CDCl3) & (ppm): 2.49 (s, 3H), 3.58 (t, /=
8.9 Hz, 2H), 3.92 (d, J=2.1 Hz, 2H), 4.70 (t, J=8.9 Hz, 2H),
7.03 (d, J=8.1 Hz, 1H), 7.30-7.25 (m, 4H), 7.65-7.61 (m,
1H), 7.87 (m, 1H);">C NMR (126 MHz, CDCl;) § (ppm):
20.14, 28.55, 31.70, 72.46, 115.54, 124.75, 125.17, 126.07,
128.62, 129.38, 130.82, 131.12, 134.21, 134.67, 136.48, 139.24,
141.95, 160.47, 194.64.

(E)-4-((8-0x0-1,2,6,8-tetrahydro-7H-indeno[5,4-b]furan-7-
ylidene)methyl)benzonitrile (3c): Yield: 84%; yellow solid;
m.p. 179 °C;'H NMR (500 MHz, CDCl3) § (ppm): 3.57 (t, ]
=8.9 Hz, 2H), 4.02-3.98 (m, 2H), 4.71 (t, J]=8.9 Hz, 2H),
7.07 (d, J=8.1Hz, 1H), 7.32-7.27 (m, 1H), 7.56 (m, 1H),
7.74 (s, 4H); >C NMR (126 MHz, CDCl;) & (ppm): 28.54,
31.99, 72.51, 76.78, 77.04, 77.29, 112.54, 116.15, 118.52,
125.06, 125.29, 130.78, 130.86, 132.57, 134.15, 138.91, 139.84,
141.22, 160.78, 194.04.

(E)-7-(3-nitrolbenzylidene)-1,2,6,7-tetrahydro-8H-indeno
[5,4-b]furan-8-one(3d):

Yield: 90%; yellow solid; m.p. 146 °C;'"H NMR (500 MHz,
CDCl;) 8 (ppm): 3.58 (t, ] =8.4 Hz, 2H), 4.08-4.04 (m, 2H),
4.75-4.68 (m, 2H), 7.08 (m, 1H), 7.34 (m, 1H), 7.65 (m, 2H),
794 (d, J=7.8 Hz, 1H), 8.25 (d, J=8.4 Hz, 1H), 8.54 (m,
1H); C NMR (126 MHz, CDCl;) § (ppm): 28.55, 31.86,
72.51, 116.17, 123.84, 124.33, 125.03, 125.38, 129.96,
130.34, 134.14, 136.47, 137.12, 138.46, 141.24, 148.66, 160.78,
194.03.

3.3. Computational study

The structures of the four new 7-arylidene indanones (3a-3d)
are presented in Table 2. The optimised molecular structures
obtained by using the density functional theory method with
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Table 1. Physicochemical data of (E)-7-arylidene-1,2,6,7-tetrahydro-8H-indeno[5,4-b]furan-8-one derivatives®.

Entry Aromatic aldehyde Product Time (min) Yield® (%) M.P. (°Q)
3a t o I 12 95 108
0 ( ﬁ/ @)
ﬁ © O Me
Me
3b Me N o Hh Me 10 93 140
° “Q
5 2%
3¢ " o I 7 84 179
° T 0O
ﬁ <‘>¥ Q.
NC
3d ! o NO 5 90 146

O,N

5"

O

[a] Reaction conditions: 1 (8 mmol), 2 (10 mmol).
[b] Yield of pure isolated product.

Table 2. Optimised molecular structures with [UPAC names and abbreviations.

Entry IUPAC name of the products Abbreviations Optimised molecular structure
3a (E)-7-(4-methylbenzylidene)-1,2,6,7-tetrahydro-8H-indeno(5,4-b]furan-8-one MBIF-1

3b (E)-7-(2-methylbenzylidene)-1,2,6,7-tetrahydro-8H-indeno(5,4-b]furan-8-one MBIF-2

k14 (E)-4-((8-ox0-1,2,6,8-tetrahydro-7H-indeno[5,4-blfuran-7-ylidene)methyl)benzonitrile OIFB

3d (E)-7-(3-nitrolbenzylidene)-1,2,6,7-tetrahydro-8H-indeno[5,4-blfuran-8-one NBIF

a basis set 6-311G (d,p). The point group symmetry for all four
molecules is C1. The molecule NBIF has the highest polarity (u
=5.7058 Debye) whereas the molecule MBIF-2 has the lowest
polarity (p=1.7983 Debye) amongst all four molecules. The
large polarity difference is attributed to the presence of two sub-
stituents having an opposite electronic effect. In the molecule

NBIF, the high dipole moment is a consequence of
the captodative effect type of phenomenon. From one side elec-
tron donor group is attached and from other side electron
acceptor group is attached. A similar effect is present in the
molecule OIFB. The captodative phenomenon is presented in
Figure 1.
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Electron pull

Electron push

Electron push Electron pull

OIFB

Figure 1. (Colour online) Captodative type phenomenon in NBIF and OIFB.

The optimized geometrical parameters; bond lengths and
bond angles for all four molecules have been computed and
presented here in Tables 3-6. In the molecule MBIF-1, the
C4-C5 bond length is 1.386 A which is the lowest amongst
all C=C bond lengths. On the contrary, the highest bond
length amongst all C = C bond lengths is C24-C25 bond length
which is 1.408 A. The carbonyl bond (C16-020) has 1.219 A
distance while the alkene double bond (C21-H22) is 1.346 A
long. The longest and shortest aromatic C=C bonds in the
molecule MBIF-2 are C24-C29 (1.421 A) and C25-C26
(1.388 A) respectively. The carbonyl bond (C16-020) has

Table 3. Optimised geometrical parameters of MBIF-1 at B3LYP/6-311 (d,p).
Bond lengths (A)

c1-Q2 1.399 9-C12 1.547 C25-C26 1.387
C1-C6 1.394 C12-H13 1.094 C25-H27 1.081
C1-H7 1.083 C12-H14 1.089 C26-H28 1.086
2-C3 1.391 C12-015 1.458 C26-C33 1.401
C2-H8 1.085 C16-020 1.219 (C29-H30 1.085
C3-C4 1.402 C16-C21 1.499 C29-C31 1.388
a-Cc17 1.388 C17-H18 1.097 C31-H32 1.085
C4-C5 1.386 C17-H19 1.097 C31-C33 1.398
C4-C16 1.480 17-C21 1.515 (33-C34 1.508
C5-C6 1.392 C21-H22 1.346 (C34-H35 1.093
€5-C9 1.507 €22-H23 1.089 (C34-H36 1.096
C6-015 1.362 C22-C24 1.458 C34-H37 1.092
C9-H10 1.095 C24-C25 1.408 - -
C9-HM 1.091 C24-C29 1.406 - -
Bond angles (°)

2-C1-C6 118.64 C9-C12-H13 111.55 (C25-C24-C29 117.19
C2-C1-H7 12135 C9-C12-H14 114.04 C24-C25-C26 120.97
C6-C1-H7 120.00 C9-C12-015 106.99 (C24-C25-H27 120.26
C1-C2-C3 119.91 H13-C12-H14  109.13 C26-C25-H27 118.78
C1-C2-H8 11938 H13-C12-015 107.48 (C25-C26-H28 119.20
C3-C2-H8 120.70  H14-C12-C15 10734  (C25-C26——-C33  121.52
C2-C3-C4 120.25 C6-015-C12 107.28 H28-C26-C33 119.28
C2-C3-C17 12880  (C4-C16-020  126.84  (C24-C29-H30  118.87
C4-C3-C17 110.95 C4-C16-C21 106.30 (C24-C29-C31 121.56
C3-C4-C5 12056  020-C16-C21 126.85 C30-C29-C31 119.56
C3-C4-C16 110.06 C3-C17-H18 111.35 C29-C31-H32 119.48
C5-C4-C16 12938  (3-C17-H19 11135 (29-C31-C33  120.99
C4-C5-C6 118.31 3-C17-C21 103.74 H32-C31-C33 119.53
C4-C5-C9 133.13  H18-C17-H19  106.80 C26-C33-C31 117.76
C6-C5-C9 108,50  H18-C17-C21 106.80 (C26-C33-C34 120.86
C1-C6-C5 12232 C19-C17-C21  111.86  (31-C33-C34  121.37
C1-C6-015 12438 C16-C21-C17 108.94 (33-C34-H35 111.37
C5-C6-015 113.29  C16-C21-H22 119.41 (C33-C34-H36 110.94
C5-C9-H10 11063  C17-C21-H22 131.65 (33-C34-H37 111.44
C5-C9-H11 113.08  (C21-C22-H23  113.63  (35-C34-H36  107.21
C5-C9-C12 101.10  C21-C22-C24 131.56 (35-C34-H37 108.13
H10-C9-H11 107.08  H23-C22-C24 114.81 (C36-C34-H37 107.56
H10-C9-C12 11229  (C22-C24-C25 124.85 - -
H11-C9-C12 11272 (22-C24-C29  117.96 - -

Table 4. Optimised geometrical parameters of MBIF-2 at B3LYP/6-311 (d,p).
Bond lengths (A)

Cc1-Q2 1.399 C9-C12 1.547 C25-C26 1.388
C1-Cé 1.394 C12-H13 1.094 C25-H27 1.080
C1-H7 1.083 C12-H14 1.089 (C26-H28 1.084
-G 1.391 C12-015 1.458 C26-C33 1.392
C2-H8 1.085 C16-020 1.219 C29-C30 1.396
-4 1.402 C16-C21 1.501 C29-C33 1.512
--C17 1.518 C17-H18 1.097 C30-H31 1.085
C4--C5 1.388 C17-H19 1.096 (C30-C32 1.392
C4-16 1.479 c17-c1 1.515 (C32-H37 1.084
C5--C6 1.392 C21-H22 1.348 (33-H34 1.094
5--C9 1.507 (C22-H23 1.086 (C33-H35 1.094
C6—-015 1.362 C22-C24 1.460 (33-H36 1.091
C9-H10 1.095 C24-C25 1.408 - -
C9-H11 1.091 C24-C29 1.421 - -
Bond angles (°)

2-C1-C6 118.64 H11-C9-C12 112.71 C22-C24-C25 122.45
C2-C1-H7 121.34 C9-C12-H13 111.55 C22-C24-C29 119.20
C6-C1-H7 120.02 C9-C12-H14 114.05 C25-C24-C29 118.35
1-C2-CG3 119.92  (C9-C12-015 10697  (24-C25-C26  121.74
C1-C2-H8 119.38  H13-C12-H14  109.13 (C24-C25-H27 119.58
(C3-C2-H8 120.70  H13-C12-015 107.49 C26-C25-H27 118.67
2-C3-C4 120.24  H14-C12-015 107.34 (C25-C26-H28 119.92
Q-c3-C17 128.79  (6-015-C12 107.27  (C25-C26—-C32  119.65
C4-C3-C17 110.97 C4-C16-020 126.83 H28-C26-C32 120.43
C3-C4-C5 120.57 C4-C16-C21 106.39 (C24-C29-C30 118.90
3-C4-C16 110.04  020-C16-C21 126.78 (C24-C29-C33 122.18
C5-C4-C16 12938  (3-C17-H18 11096  (C30-C29-C33 118.92
C4-C5-C6 118.30 C3-C17-H19 111.72 (C29-C30-C31 118.82
C4-C5-C9 133.15 3-C17-C21 103.79 (C29-C30-C32 121.82
C6-C5-C9 10849 H18-C17-H19  106.77 H31-C30-C32 119.36
C1-C6-C5 12231  H18-C17-C21 11179  (26-C32-C30  119.54
C1-C6-015 124.39 C19-C17-C21 111.91 (C26-C32-H37 120.45
C5-C6-015 113.30 C16-C21-C17 108.80 (C30-C32-H37 120.01
C5-C9-H10 110.64 C16-C21-H22 118.82 (C29-C33-H34 111.91
C5-C9-H11 113.10  C17-C21-H22 132.37 (C29-C33-H35 111.94
C5-C9-C12 101.10  C21-C22-H23 112.46 (C29-C33-H36 110.33
H10-C9-H11 107.09 C21-C22-C24 131.72 H34-C33-H35 107.11
H10-C9-C12 112.27 H23-C22-C24 115.81 H34-C33-H36 107.62
- - - - (C35-C33-H36 107.71

1.219 A bond length whereas the alkene double bond (C21-
H22) length is 1.348 A. In the case of the molecules OIFB
and NBIF, the alkene C = C bond lengths are 1.345 and 1.344
A respectively. In both the molecules, the longest aromatic C
=C bond is C24-C25 whereas the shortest are C29-C31
(1.385 A) and C4-C5 (1.389 A) respectively. The CN bond is
1.155 A long in the molecule OIFB. The C33-C34 bond in
the molecule OIFB has acquired partial double bond character
with 1.429 A bond distance. This is due to the involvement of
the CN group in resonance with the aromatic ring. The two NO
bonds in the molecule NBIF (N34-035 and N34-036) are
having nearly the same bond distance. The C=0 bonds in
OIFB and NBIF are 1.217 and 1.217 A long respectively. All
other bond lengths in all four molecules are also in good agree-
ment. The C33-C34-N35 bond angle in the molecule OIFB is
179.93°. The 035-N34-036 bond angle in the molecule NBIF
is 124.97°. Remaining bond angle data is also found to be in
good agreement.

The chemical reactivity of a molecule is administered by the
charge density of HOMO and LUMO energy surfaces. The
HOMO is known as an orbital that could go about as an elec-
tron contributor since it is the peripheral orbital containing
electrons. The general structure with of 7-arylidene indanone
with ring labelling is given in Figure 2. The pictorial illustration
of the frontier molecular orbitals is given in Figure 3. The
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Table 6. Optimised geometrical parameters of NBIF at B3LYP/6-311 (d,p).

Bond lengths (A)

Bond lengths (A)

c1-Q 1.399 C9-HM 1.091 C24-C25 1.409
C1-Cé 1.395 C9-C12 1.547 C24-C29 1.409
C1-H7 1.083 C12-H13 1.094 C25-C26 1.385
-G 1.391 C12-H14 1.089 C25-H27 1.080
C2-H8 1.085 C12-015 1.458 (C26-H28 1.083
-4 1.403 C16-020 1.217 €26-C33 1.403
G--C17 1.518 C16-C21 1.506 (C29-H30 1.084
C4--C5 1.389 C17-H18 1.096 €29-C31 1.385
C4-16 1.477 C17-H19 1.096 (C31-H32 1.083
C5--C6 1.392 17-C21 1514 1-33 1.402
C5--C9 1.507 21-C22 1.345 (33-C34 1.429
C6--015 1.361 C22-H23 1.089 (C34-N35 1.155
C9-H10 1.095 C22-C24 1.459 - -
Bond angles (°)

2-C1-C6 118.71 H10-C9-C12 112.68 C21-C22-C24 131.26
C2-C1-H7 121.32 H11-C9-C12 112.27 H23-C22-C24 114.91
C6-C1-H7 119.97 C9-C12-H13 111.63 (C22-C24-C25 124.57
C1-C2-C3 119.86 C9-C12-H14 114.01 C22-C24-C29 117.73
C1-C2-H8 119.86 C9-C12-015 106.97 C25-C24-C29 117.70
(C3-C2-H8 120.73 H13-C12-H14  109.15 (C24-C25-C26 121.10
2-C3-C4 120.27 H13-C12-015 107.44 (C24-C25-H27 120.34
2-C3-C17 12865 H14-C12-015 10732  (C26-C25-H27  118.56
C4-C3-C17 111.07 C6-015-C12 107.37 (C25-C26-H28 120.24
(3-C4-C5 120.59  C4-C16-020 12734  (25-C26—-C33  120.31
3-C4-C16 110.07 C4-C16-C21 106.29 H28-C26-C33 119.45
C5-C4-C16 12934 020-C16-C21 12637  (C24-C29-H30  120.52
C4-C5-C6 118.25 C3-C17-H18 111.39 C24-C29-C31 121.68
C4-C5-C9 13318  C3-C17-H19 11136  C30-C29-H31 119.39
C6-C5-C9 108.52 -C17-C21 103.73 (C29-C31-C32 120.52
C1-C6-C5 12231  H18-C17-H19 10689  (29-C31-C33 119.78
C1-C6-015 124.35 H18-C17-C21 111.77 H32-C31-C33 119.70
C5-C6-015 113.34 C19-C17-C21 111.78 (C26-C33-C31 119.44
C5-C9-H10 110.64 C16-C21-C17 108.84 C36-(33-C34 120.22
C5-C9-H11 113.08 (C16-C21-H22  119.13  (31-C33-C34 12035
C5-C9-C12 101.14  C17-C21-H22 132.03 (C33-C34-N35 179.93
H10-C9-H11 107.09  (C21-C22-H23 113.83 - -

HOMO and LUMO energies are very essential as they relate to
ionisation enthalpy and electron affinity respectively. As shown
by these two parameters, the compound reactivity changes with
the structural framework. The examination of the wave func-
tion shows that the electron absorption corresponds to the exci-
tation from the ground state to the first excited state.

The HOMO is seen to be chiefly at ring A and on the con-
trary; LUMO is distributed over the enone framework and ring
B in all four molecules. Due to the presence of the nitro group
in the NBIF molecule, the LUMO is significantly situated at
ring B. The NBIF molecule has the lowest HOMO-LUMO
energy gap (3.403 eV) amongst all molecules. This is due to
the captodative phenomenon present in the molecule. The
lower HOMO-LUMO energy gap demonstrates the inevitable
charge transfer interactions taking place within the molecule.
This is attributed to the presence of the both acceptor and
donor groups the NBIF molecule. Similar effect is present in
the OBIF molecule; however, the effect is less powerful. The
molecules MBIF-1 and MBIF-2 have electron releasing groups
at the opposite sides which augments the energy gap and there-
fore both molecules would possess less chemical reactivity in
terms of an electron transfer. The HOMO reactivity (Egomo
=—5.988) is the highest in the MBIF-1 molecule while the
LUMO reactivity (Epymo = —2.852) is the highest in the mol-
ecule OIFB. The reason for this is the presence of two electron
releasing groups (OR and Me) in the MBIF-1 molecule and one
electron releasing (OR) and one electron withdrawing group
(CN) in the OIFB molecule.

Cc1-Q2 1399 (C9-H11 1.091 (C24-C25 1.409
C1-Cé 1395 (9-C12 1547 (24-C29 1.405
C1-H7 1.083 C12-H13 1.094 (25-C26 1.391
-G 1391 (C12-H14 1.089 (C25-H27 1.080
C2-H8 1.085 (C12-015 1459 (26-H28 1.083
-4 1402 (C16-020 1217  Q26-C31 1.391
G--C17 1518 (C16-C21 1.506 (C29-H30 1.385
C4--C5 1389 (C17-H18 1.097 (29-C33 1.081
C4-16 1478 (C17-H19 1.097 (C30-C31 1.390
(5--C6 1392 C17-C21 1514 (C30-N34 1.483
C5--C9 1.507 (C21-C22 1344 (31-C32 1.081
C6—-015 1361 (22-H23 1.089 N34-035 1.223
C9-H10 1.095 (22-C24 1461 N34-036 1.222
Bond angles (°)

2-C1-C6 118.68 H11-C9-C12 112.70 C22-C24-C25 124.76
C2-C1-H7 121.33 C9-C12-H13 111.65 (C22-C24-C29 117.50
C6-C1-H7 119.99 C9-C12-H14 114.01 C25-C24-C29 117.74
1-C2-CG3 119.88  (9-C12-015 10696  (24-C25-C26  121.23
C1-C2-H8 119.40 H13-C12-H14 109.15 (C24-C25-H27 120.04
(C3-C2-H8 120.72 H13-C12-015 107.44 C26-C25-H27 118.72
2-C3-C4 120.29 H14-C12-015 107.32 (C25-C26-H28 119.72
2-C3-C17 128.63  (6-015-C12 10736  C25-C26—-C31  120.73
Cc4-C3-C17 111.07 C4-C16-020 127.30 H28-C26-C31 119.55
(3-C4-C5 12057  C4-C16-C21 10628  (C24-C29-C30  119.98
C3-C4-C16 110.08 020-C16-C21  126.41 (C24-C29-H33 120.87
C5-C4-C16 12935  (C3-C17-H18 11138 C30-C29-H33  119.14
C4-C5-C6 118.26 C3-C17-H19 111.33 (C29-C30-C31 12237
C4-C5-C9 13318  C3-C17-C21 103.72  (C29-C30-C34 11878
C6-C5-C9 108.50 H18-C17-H19  106.93 H31-C30-C34 118.85
C1-C6-C5 122.31 H18-C17-C21  111.77  (C26-C30-C30  117.94
C1-C6-015 124.35 H19-C17-C21 111.80 C26-C31-H32 122.33
C5-C6-015 11333  C16-C21-C17  108.84  (C30-C31-H32  119.73
C5-C9-H10 110.63 C16-C21-H22  119.09 (C30-N34-035 117.41
C5-C9-H11 113.09  C17-C21-H22 13207  (C30-N34-036 117.62
C5-C9-C12 101.14 C21-C22-H23 11394 035-N34-036  124.97
H10-C9-H11  107.08 C21-C22-C24  131.23 - -
H10-C9-C12  112.25 H23-C22-C24 114.83 - -

H

O/R

Figure 2. (Colour online) General structure with ring labelling.

The electronic parameters of all four derivatives are tabu-
lated in Table 7. From the HOMO-LUMO information, it is
affirmed that the presence of electron releasing group on ring
A and electron attracting group on ring D results in lowering
of the energy gap. On the contrary, the presence of an electron
releasing group on ring B augments the energy gap. The quan-
tum chemical parameters are presented in Table 8 and have
been calculated from molecular parameters using Koopmans’
theorem. The parameters like electronegativity (x), absolute
hardness (), global softness (o), global electrophilicity index
(w), chemical potential (Pi) maximum number of electron
transferred (ANmax) have been established. All these par-
ameters provide valuable insights into the chemical reactivity
of molecules. The highest value of the electronegativity (x =
4.557 eV) in the molecule OIFB suggests that it has the most
powerful electron attracting property. The data of absolute
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Figure 3. (Colour online) HOMO-LUMO pictures.

Table 7. Electronic parameters.

Name E (a.u.) Enomo (€Y)  Elumo (€V)  1(eV) A(eV) Eg(eV)
MBIF-1 —884.323 —5.988 —-2.237 5.988 2.237 3.750
MBIF-2 —884.320 —6.017 —2.303 6.017 2303 3.714
OIFB —1049.549 —6.262 —-2.852 6.262 2.852 3410
NBIF —958.887 —6.252 —2.849 6.252  2.849 3.403
Note: Abbreviations: |, ionisation potential; A, electron affinity; Note: | = —Ejomo &

A =—ELumo-

hardness and the global softness affirms that the molecule
MBIF-1 (n =1.875 eV) is softer and the molecule NBIF (¢ =
0.588) is harder in comparison with each other. This data is
very crucial to decide the chemical reactivity. All the four

Table 8. Global reactivity parameters.

1

&
f

AE =3.714 eV

LUMO

9

molecules would undergo fast nucleophilic attacks; however,
the molecule NBIF would prefer faster nucleophilic attacks as
it has the highest value of global electrophilicity index (w =
6.101). The maximum charge transfer is taking place within
the OIFB molecule due to high value of maximum number
of electron transfer (ANmax = 2.6727 eV). By employing TD-
B3LYP/6-311G (d,p) level of theory for B3LYP/6-311G (d,p)
optimised geometries, absorption energies (A in nm), oscillator
strength (f), and transitions of all four molecules have been
computed and depicted in Table 9. The Sy to S; excitation
energy data suggests that shifting from electron releasing to
electron attracting group on ring B results in redshift. However,
a molecule with a strong electron attracting nitro group has

Name X (eV) n (eV) o(ev™ w (eV) Pi (eV) ANmax (eV) Dipole Moment (Debye)
MBIF-1 3.553 1.875 0.533 3.366 —3.553 1.8949 2.742
MBIF-2 4.160 1.857 0.538 4.660 —4.160 2.2404 1.798
OIFB 4.557 1.705 0.586 6.090 —4.557 26727 4.325
NBIF 4.551 1.702 0.588 6.101 —4.551 2.2738 5.706

Note: x = (I + A)/2; n = (I — A)/2; 6 = 1/n; w = Pi*/2n; Pi = —x; ANmax = —Pi/n. Abbreviations: x, electronegativity; n, absolute hardness; o, global softness; w, global elec-

trophilicity; Pi, chemical potential; ANmax, maximum no. of electron transferred.



Table 9. Absorption energies (A in nm), Oscillator strength (f), and Transitions of
all four molecules computed at TD-B3LYP/6-311G (d,p) level of theory for B3LYP/6-
311G(d,p) optimised geometries.

Name State A2bs f Configuration Transition
MBIF-1 So—>S1 386.52 0.0116 73->74 H->L
MBIF-2 So—>S1 390.94 0.0170 73->74 H->L
OIFB So—>S1 428.04 0.0120 75->76 H->L
NBIF So—>S1 42047 0.0103 80->81 H->L

Table 10. Mulliken atomic charges of MBIF-1 and MBIF-2 molecules computed for
B3LYP/6-311G (d,p) optimised geometries.

MBIF-1 MBIF-2

Atom  Charge  Atom  Charge  Atom  Charge  Atom  Charge
1C —0.065 200 —-0.327 1C —0.065 200 —0.326
2C —0.071 21 C —0.222 2C —0.071 21C —0.211
3C —0.135 22C 0.027 3C -0.141 22C —0.015
4C —-0.030 23H 0.101 4C —0.025 23 H 0.114
5C -0.152 24C —0.073 5C —0.151 24 C —0.049
6C 0238 25C —0.057 6C 0238 25C —0.055
7H 0104 26C —0.075 7H 0.105 26 C —0.098
8H 0.082 27H 0.099 8H 0.083 27 H 0.098
9cC -0.166 28 H 008 9C —0.166 28 H 0.091
10H 0140 29C —0.061 10H 0.141 29 C —0.086
1MH 0.144 30H 0.092 1MH 0.144 30C —0.073
12C —-0.012 31C —0.065 12C -0.012 31H 0.085
13H 0121 32H 0.089 13H 0121 32C —0.070
14 H 0.121 33C -0.107 14 H 0122 33C —0.274
150 —-0357 34C —0.249 150 —-0356 34H 0.137
16 C 0230 35H 0.123 16 C 0224 35H 0.137
17 C -0.099 36H 0.131 17 C —0.082 36H 0.106
18 H 0.143 37H 0.111 18 H 0.144  37H 0.098
19H 0.143 - — 19H 0.144 - -

slightly less absorption wavelength as compared to moderately
attracting the cyano group.

Mulliken atomic charges for the molecules MBIF-1 and
MBIF-2 are given Table 10 and for the molecules OIFB and
NBIF in Table 11. The Mulliken atomic charges of the title
molecules are calculated by DFT/B3LYP method with a 6-
311G (d,p) basis set in the gaseous phase. The pictorial rep-
resentation of the Mulliken atomic charges given in Figure 4
uncovers that all hydrogen atoms have a net positive charge.
The C16 (carbonyl carbon) and C6 carbon are highly

Table 11. Mulliken atomic charges of OIFB and NBIF molecules computed for
B3LYP/6-311G (d,p) optimised geometries.

OIFB NBIF
Atom  Charge  Atom  Charge  Atom  Charge  Atom  Charge
1C —0.071 19H 0.143 1C —0.063 19H 0.147
2C -0060 200 -0322 2cC -0069 200 -0314
3C —0.077 21C —0.148 3C -0.137 21C —0.216
4C -0033 22C 0027 4cC -0028 22C 0.025
5C —0.157 23 H 0.114 5C —0.148 23 H 0.108
6C 0250 24C -0102 6C 0239 24C —0.094
7H 0.115 25C —0.069 7H 0.108 25C —0.026
8H 0094 26C —0.028 8H 0084 26C —0.100
9C —0.142 27 H 0.133 9C —0.166 27 H 0.112
10H 0.140 28 H 0.110 10H 0.143 28 H 0.108
1MH 0.136 29 C —0.044 1MH 0.146 29C —0.018
12C —-0.031 30H 0105 12C -0013 30C 0.117
13H 0.122 31C —0.033 13H 0.124 31C —0.034
14H 0115 32H 0.117  14H 0124 32H 0.138
150 —0.383 33C —0.059 150 —0.353 33H 0.136
16 C 0236 34C 0050 16C 0231 34N 0.173
17 C —0.099 35N —0.210 17 C —0.101 350 —0.264
18H 0172 - - 18H 0.146 360 —0.265

MOLECULAR SIMULATION e 7

MBIF-1

OIFB

NBIF

Figure 4. (Colour online) Mulliken atomic charge distribution.

electropositive. The H10 and H11 hydrogen atoms in all four
molecules are highly electropositive in nature. The high electro-
positive character is a consequence of the hyperconjugation
effect. In light of the vibrational frequencies, the different ther-
modynamic properties like total thermal energy (Eio.1), heat
capacity at constant volume (Cv), total entropy (S), zero-
point vibrational energy (Evy), rotational constants were com-
puted. These are given in Table 12. It is evident from the data of
E/B3LYP and E,, that the presence of electron releasing and
electron attracting groups together augments the stability of the
molecules. The OBIF molecule possesses highest stability. This
is because of the presence of extended conjugation. The mol-
ecule NBIF has higher entropy amongst all the four molecules.
This can be ascribed to the presence of more number of atoms
in the molecule NBIF. The electron releasing groups (OR and
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Table 12. Thermodynamic properties.

Value
Parameter MBIF-1 MBIF-2 OIFB NBIF
E total (kcal molq) 197.278 198.009 179.906 182.734
Translational 0.889 0.889 0.889 0.889
Rotational 0.889 0.889 0.889 0.889
Vibrational 195.501 196.232 178.129 180.956
Heat Capacity at constant 65.851 67.675 67.775 70.415
volume, Cv (cal
mol~'K™")
Translational 2.981 2.981 2.981 2.981
Rotational 2.981 2.981 2981 2.981
Vibrational 59.889 61.713 61.813 64.453
Total entropy S (cal 132.255 136.519 136.881 142423
mol~'K™")
Translational 42.746 42,953 42.862 43.062
Rotational 34370 34.704 34.683 35.104
Vibrational 55.140 57.739 59.336 64.257
Zero point Vibrational 186.926 187.295 169.078 171.378
Energy Ev, (kcal mol™")
Rotational constants 1.097 0.910 1.079 0.879
(GHZ) 0.120 0.138 0.103 0.093
0.109 0.120 0.094 0.084

Me) together results in the decrease in the stability of
the molecules. The molecules MBIF-1 and MBIF-2 have nearly
same more zero-point vibrational energy. All the
thermodynamic data revealed is also valuable for additional
assessment and can be utilised to figure the other thermodyn-
amic energies.

The molecular electrostatic surface potential (MESP) plots
are plotted by using a 6-311G (d,p) basis set and presented in
Figure 5 MESP is the three-dimensional representation that
indicates charge distributions in molecules. The properties
like nucleophilic and electrophilic sites, solvent effects, hydro-
gen bonding interactions, etc. could be anticipated by under-
standing molecular electrostatic potential surfaces. The
various estimations of the electrostatic potential at the surface
of the molecule are represented by distinct colours. The red
and yellow regions indicate the region of high electron density
and are linked to electrophilic reactivity. On the other side, the
blue parts represent low electron density and susceptible to
nucleophilic reactivity and green colours represent regions of
zero potential, respectively. The colour gradient ranges from
most electronegative to the most electropositive are also dis-
played in the MESP plots. The surface around oxygen atoms
is found to be the most electronegative red part. The most elec-
tronegative red part around oxygen atom is present in the
MBIF-1 molecule. The MBIF-1 molecule has colour gradient
range from most electronegative to the most electropositive
part as —0.05424 and +0.05424 respectively. This due to the
presence of electron releasing methyl group in the MBIF-1
molecule. The NBIF molecule has colour gradient range from
—0.04691 to +0.04691. This is ascribed to the presence of
powerful electron withdrawing group in the NBIF molecule.
The electrophilic and nucleophilic sites give an idea regarding
the area from where the compounds interact. The MESP
suggests, in the title molecules, the aryl ring A connected to
dihydrofuran ring is highly prone towards electrophilic attack.
In the molecules MIFB-1 and MIFB-2, ring A is more reactive
towards electrophilic attack as compared to the ring A in mol-
ecules OIFB and NBIF. On the contrary, ring B in the

MBIF-2

OIFB

NBIF

Figure 5. (Colour online) Molecular electrostatic potential surfaces.

molecules OIFB and NBIF are susceptible to the nucleophilic
attack.

4, Conclusions

In conclusion, four new (E)-7-(arylidene)-1,2,6,7-tetrahydro-
8H-indeno[5,4-b]furan-8-one derivatives are synthesised by
the green method and studied from a structural examination
perspective by using the DFT method with a basis set 6-311G
(d,p). We have investigated the structural parameters along
with global reactivity parameters for a better understanding
of the stability and chemical behaviour of four important



derivatives of the 7-arylidene indanone skeleton. Grindstone
chemistry approach has been efliciently used for the synthesis
of four new 7-arylidene indanones. The structures have been
confirmed based on a 'H NMR and ">C NMR spectroscopic
techniques. The geometry of the molecules was optimised by
using a B3LYP/6-311G (d,p) basis set and the geometrical par-
ameters like bond lengths and bond angles were computed at
the same level of theory. The molecule NBIF has the highest
polarity whereas the molecule MBIF-2 has the lowest polarity
amongst all four molecules. The FMO study has been effectively
presented to analyse the chemical reactivity of the molecules.
The NBIF molecule has the lowest HOMO-LUMO energy
gap amongst all molecules. By using HOMO-LUMO energies
various electron and quantum chemical parameters have
been established. The electron absorption energy information
proposes that moving from electron releasing to electron
attracting group on ring B brings about redshift. From the
MESP analysis, it evident that in the molecules MIFB-1 and
MIFB-2, ring A is more reactive towards electrophilic attack
as compared to the ring A in molecules OIFB and NBIF. In
contrast, ring B in the molecules OIFB and NBIF are suscep-
tible to the nucleophilic attack. The OBIF molecule possesses
higher stability while NBIF molecule has higher entropy.
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> RESEARCH COLLABORATION

This RESEARCH COLLABORATION is entered into. on this date 12/03/2022
BETWEEN

Mandurbar-(ﬂﬂl 2) represented

herein by Principal, Prof. V. S. Shrivastava (hereinafter, referred as ‘First Party’, include its

successors — in-office, administrators and assigns).

AND

SE Societies Arts and Science College Bhalod-425304 represented herein by Principal, Dr.

Varsha K. Nehete (hereinafter, referred as ‘Second Party’, include its successors — in-office.
administrators and assigns).

(First Party and Second Party are hereinafter jointly referred to as ‘Parties’ and individually as
‘Party’)

NOW THEREFORE, IN CONSIDERATION OF THE MUTUAL PROMISES SET FORTH
IN THIS MoU, THE PARTIES HERETO AGREE AS FOLLOWS:

¢ Project-Based Learning: First Party shall design project-based activities especially for
Science, Technology, Engineering and Mathematics (STEM) subjects for students of
Second Party helping them excel in these subjects.

¢ Training: First Party shall design modules for training on recent technologies and share
knowledge with teachers and students of Second Party.

e Career Counseling: First Party shall conduct exclusive sessions with students of Second
Party on futuristic careers in the fields of Science & Engineering, Commerce &
Management, Pharmacy, etc.

¢ Student Connect: Second Party shall share student details with First Party for one-to-one

interaction and guidance on projects, models, skill development, career enhancement etc.

mﬂﬂ“o{MMlewmnm
~ colleges, classrooms, laboratories, librarics, etc. of First Party.
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* Newsletters: Students of Second Party shall have access to newsletters of First Party.
b * Events: Students of Second Party will be regularly invited to be part of knowledge-based
- events and activities of First Party.
. mm_bl_rin‘: Teachers and Students of Second Party will have access to online
repositories of First Party for educational purpose.
* Partner: Parties may mention as Partner on their website.
® Alumni Connect: First Party shall help to connect Alumni of both Parties.
® Validity: This Collaboration shall be valid for 5 years from the March, 2022 and each party
shall be at full liberty to terminate the collaboration with mutual consent.

® Free of Cost: The services herein are free of cost for education purpose.

For For
SE Societies Arts and Science College NTVS’s G. T. Patil Arts, Commerce and
Bhalod-425304 Science College, Nandurbar-425412
) ' n
o v
. V. S. Shri
Acting Principal (Prof. Dr
S.E.Society’s PRINCIPAL
Art’s & Science College G LPatil Ans,.Commerce &
Rhalod.Dist.Jalgaon. Science College
VANDURBAR . 425412 (M )
Signature: Signature:
Name: Dr. Varsha K. Nehete Name: Prof. Dr. V. S. Shrivastava
Designation: Principal Designation: Principal

,T n o Em Date: 12/03/2022
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Contact No. (02567) 232254

Adh}’apak Shikshan Mandal's '
CHLC haudhari Arts, S. (. Patel Commerce And Babaji B. J.

Patel Science College, Taloda Dist - Nandurbar Pin 425413

Dr. S.R. Magare
Acting Principal

NAAC Re-aceredited-Grade "g"
(With 2 08 CGPA) (3rd cycle)

htlp:ﬂwww.scscollggetaloda.ac.in

EI_ESEARCH COLLABORATION

This RESEARCH COLLABORATION is entered into, on this date .
BETWEEN

represented herein by Principal (hereinafter referred as ‘First Party’, include its successors —

in-office, administrators and assigns).

AND

represented herein by Principal (hereinafter referred as ‘Second Party’, include its successors

— in-office, administrators and assigns).
(First Party and Second Party are hereinafter jointly referred to as ‘Parties’ and individually

as ‘Party’)

NOW THEREFORE, IN CONSIDERATION OF THE MUTUAL PROMISES
SETFORTH IN THIS DEED, THE PARTIES HERETO AGREE AS FOLLOWS:

e Project-Based Learning: First Party shall design project-based activities especially
for Science, Technology, Engineering and Mathematics (STEM) subjects for students

of Second Party helping them excel in these subjects.
I raining: First Party shall design modules for training on recent technologies and

share knowledge with teachers and students of Second Party.
Career Counseling: First Party shall conduct exclusive sessions with students of

Second Party on futuristic careers in the fields of Science & Engineering, Commerce

&Management, Pharmacy, etc.
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No.E.247 Contact No. (02567) 232254

Adhyapak Shikshan Mandal's
CH.Chaudhari Arts, S. G. Patel Commerce And Babaji B. |
Patel Science College, Taloda Dist - Nandurbar Pin 425413

NAAC Re-aceredited-Grade "B" Dr. S.R. Magare
(With 2 08 CGPA) (3rd cycle) Acting Principal
http://www.acscollegetaloda.ac.in

o Student Conneet: Second Party shall share student details with First Party for one-
to-one interaction and guidance on projects, models, skill development, career
enhancement etc,

e  College Tour: Get students of Second Party to experience a guided tour Lo campus,
colleges, classrooms, laboratories, libraries, etc. of First Party.

e Newsletters: Students of Second Party shall have access to newsletters of First
Party.

e Events: Students of Second Party will be regularly invited to be part of knowledge-
based events and activities of First Party.

e Resource Sharing: Teachers and Students of Second Party will have access to
online repositories of First Party for educational purpose.

e Partner: Parties may mention as Partner on their website.

e Alumni Connect: First Party shall help to connect Alumni of both Parties.

e Validity: This Collaboration shall be valid for 7 years from the September 2021 and
each party shall be at full liberty to terminate the collaboration with mutual consent.

e Free of Cost: The services herein are free of cost for education purpose.

For For
NTVS's G. T. Patil Arts, Commerce C.H.C. Arts, S.G.P. Commerce and
and Science College, Nandurbar- B.B.J.P. Science College, Taloda
425412 425413
Signature:

Signature:

Name: Dr. S.R. Magare
Designation: Principal

Date:
Seal:
Adhyap 12
C.H.Chauch ommerce and
Babe#S.J.Patel Science College Taloda
Dist Nancurb~r (M harashira)
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MEMORANDUM OF UNDERSTANDING/COLLABORATION

this memorandum of understanding is signed between:

and

extension |

WHEREAS to disseminate and advance knowledge by providing training an

v . y : ide students and
in such branches of earning as it may deem fit and it shall endeavour to provide stud

teachers the necessary atmosphere and facilities for the promotion of:
A. Innovations in Method of analysis and learning.

B. College-Laboratory Interaction

NOW THEREFORE THE NTVS's G. T. Patil Arts, Commerce and Science College, Nandurbar-
(425412), and

AGM INSTRUMENTAL TRAINING CENTER, BHUSAWAL-425201, Dist: JALGAON, M.S. Have

intended, agreed and consented to the following terms and deeds in pursuance of a

common intent to promote and develop the study of B.Sc./M.Sc.

OR

Make provisions for research and for the advancement and dissemination of knowledge OR
To organize and to undertake extra-mural studies and extension services.

1. FIELD OF COOPERATION:

a. Both the institute and industry shall evolve a mutually acceptable schedule to develop

programs, hold training, seminars and exchange visits.
b. The said academic institute interaction and intellectual assimilation may include.
I. Collaborations in the sharing of academic data, scientific information and publications.
I1. In house training of Students and Faculty/staff.
I11. Handling of Instruments such as GC and HPLC etc.
IV. Research and related activities.
V. Advice placements and execute training, site, field visits.
VII. Analysis study in laboratory from AGM ICT, Bhusawal.

In return NTVS’s G. T. Patil Arts, Commerce and Science College, Ni\"durbar-(425412)

through the Department of Chemistry will provide expertise to the other party
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2. MISCELLANEOUS:

a. The details for the efficacious implementation of this Memorandum of Understanding shall be
jointly worked out on mutually acceptable terms within the parameters of the policies, rules

and regulations of both the institutions.

b. The parties to this memorandum may, by mutual consent, add modify, amend, delete, review

or revise any term(s) and condition(s) of this agreement.

c¢. The intent and implementation of this memorandum is SUBJECT to the policies of the
respective states (in case of international agreements) and the laws of the land. d. The MOU
shall remain in force for a period of 03 years from the date of its signature and seal, and may
be terminated by either side by giving a six months’ notice to that effect in writing. However,
notwithstanding the notice of the intent to terminate the memorandum, all rights, obligations
and corresponding duties and subsisting therein shall be respected and mandated till the
finalization and accomplishment thereof. e. The parties to this MOU undertake to treat as
CONFIDENTIAL and PRIVILEDGED information of the other institution, which is so classified
in advance. The terms of confidentiality and mode of disclosure shall be as per mutually

acceptable terms.

f. This MOU shall require the ratification of the competent academic/executive body of both the

institutions.

Signed at Nandurbar on 13th April 2023

Authorized signatory on behalf of NTVS's G. T. Patil Arts, Commerce and Science College,

Nandurbar-(425412),

Date:.

L

I ‘ \ -“I‘
GT Patil College,
Nandurbar-425412

425201, Dist: JALGAON, M.S.

Date:. |3 Joy)2.023 Seal
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