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ABSTRACT
This paper presents the green synthesis of a terpolymer resin by using the microwave assisted synthesis. The ASF
terpolymer resin have been prepared from anthranilic acid (A), salicylic acid (S) and formaldehyde (F) in DMF
media at 13242 °C using 1:1:2 molar proportions of the reacting monomers in 114 second. The synthesized
terpolymer resin was purified and then characterized by different spectral methods like Proton NMR, FT-IR, XRD
and TEM the structure of the obtained ASF resin.
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INTRODUCTION

Terpolymer resin find very useful applications as adhesives, high temperature flame resistant fibers,
coating materials, semiconductors, catalysts, and ion-exchange resins'”. Ion-exchange resins have
attracted much interest in the recent years due to their application in waste water treatment, metal
recovery and for the identification of specific metal ions®’. Ion-exchangers are widely used for the
treatment of radioactive wastes from nuclear power stations®’. The chelation ion-exchange is haviour of
poly (2-hydroxy-4-acryloyloxybenzophenone) resin towards the divalent metal ions were studied by batch
equilibration method as a function of contact time and pH'"’. A cross-linked styrene / maleic acid chelating
matrix has been reported for its higher ability to remove the metal ions'' such as Cr**, Fe™*, Ni**, Cu®* and
Pb>*. Acidic polymers such as poly (methacrylic acid) and poly (acrylic acid) have the tendency to
remove the metal ions, e.g., Ag*, Cu**, Co**, Ni*" and Cr’* at different pH and polymer/metal ion ratios'”.
Salicylic acid and melamine with formaldehyde terpolymer found to have higher selectivity for Fe**, Cu**
and Ni** ions rather than Co**, Zn>*, Cd** and Pb*" ions".

Resins synthesized by condensation of mixtures of phenol or hydroxybenzoic acid with formaldehyde and
various amines have also been reported'’. The metal ion uptake capacity increases with increasing mole
proportions of the terpolymer synthesized from substituted benzoic acid". o-nitrophenol and thiourea
with paraformaldehyde terpolymer was identified as an excellent cation exchanger for Zn** and Co**
ions'®. Salicylic acid/formaldehyde/resorcinol resin has been synthesized and explored its use for the
removal and separation of heavy metal ions from their binary mixtures.'’

Microwave assisted synthesis of the chelating resin was introduced first by Mondal who modified
chloromethylated polystyrene DVB (2%) with o-aminothiophenol S-acetic acid under a microwave
irradiation for 45 min at 180 W power levels'® instead of classical 40 h refluxing. The resin thus obtained
was compared with resin obtained by classical heating in terms of yield, IR and elemental analyses and it
was found that the products are identical. By using the same technique, an adenine anchored polystyrene
DVB (2%) was also synthesized by the same group of workers'’. Microwave assisted synthesis is a green,

TERPOLYMER RESIN Amit M. Surjushe and Arun B. Patil



RASAYAN J. Chem.
Vol. 8 | No. 3 |346 - 351 | July - September | 2015

ecofriendly and a short-time process. The present work deals with the synthesis and characterization of
anthranilic acid- salicylic acid- formaldehyde (ASF) terpolymer resin by microwave irradiation in
dimethylformamide medium (DMF) .The synthesized terpolymer resin was characterized by Proton
NMR, FT-IR, X-RD, TEM.

EXPERIMENTAL
Materials
Anthranilic acid (Loba, Mumbai), Formaldehyde (37%) (S. D. Fine Chemicals, Mumbai) was used as
received. Salicylic acid (Thomas Baker, Mumbai) was used as received. The solvents and monomers were
purified by the conventional methods.

Green synthesis of ASF terpolymer resin

The ASF terpolymer resin was synthesized by microwave assisted synthesis using monomer Anthranilic
acid (A) (0.02 mol) and salicylic acid (S) (0.02 mol) with formaldehyde (F) (0.2 mol) in the presence of
DMF medium at 132 + 2°C for 114 second using a microwave system at 180 W. The reaction mixture
was then cooled, poured into crushed ice with constant stirring and left overnight. The yellow colored
terpolymer resin obtained was then washed with warm water and methanol to remove unreacted
materials. The terpolymer resin was purified by dissolution in 8% NaOH and re-precipitated by drop-wise
addition of 1:1 (v/v) of 2 M HCI. The precipitated product was filtered off, washed with warm water, and
dried in vacuum desiccators over anhydrous calcium chloride. The reaction route is shown in Scheme-1
(Melting point = 238-245°c. Yield =7.9 gm).

COOH COOH
NH, OH
MW, 114 Sec
- CH,LO + —
DMF, 132+2 °C
Amnthranilic acid Formaldehyde Salicylic acid
COOH GOOH

NH, OH
CHy
n

ASF Terpolymer resin

Scheme-1: Synthesis of ASF terpolymer resin

Spectral Analysis

A Shimadzu spectrometer was used for recording the FT-IR spectrum of the ASF resin to identify the
linkages and functional groups. The proton NMR spectrum of the ASF terpolymer resin was recorded in
DMSO solvent using an FT-NMR spectrometer model Avance-II Bruker at 400 MHz.

RESULTS AND DISCUSSION

The terpolymer resin ASF is yellow in color, insoluble in cold and hot water, chloroform, carbon
tetrachloride but completely soluble in acetone, 1,4-dioxane, N,N-dimethyl formamide, dimethyl
sulfoxide, pyridine.
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FT-IR Spectroscopy
The FT-IR spectrum provides useful information about the linkages and the functional group present in
the terpolymer. The FT-IR spectrum of the ASF terpolymer resin is shown in Figure-1.
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Fig.-1: FT-IR spectrum of the ASF terpolymer resin.

The spectrum shows a broad band at 3365.78 cm™ due to the (O-H) stretching vibration of Ar-OH
involved in the intra-molecular hydrogen bonding with Ar-COOH. The strong band appeared at 1220.94
cm is due to (C-N) stretching vibration'® of Ar-NH,. The strong band at 1653 cm™ may be assigned to
(C=0) stretching vibration of the carboxyl group present in the resin molecule®. The band appeared at
3365.78 cm™ is due to NH-stretching vibration of amino group.”’ This band seems to be merged with a
broad band of -OH group of -COOH groups. The tetra-substitution in the benzene ring is established by
the presence of the medium bands at 1103.28 cm’ and 906.54 cm™ which are attributed to (C-H) bending
vibration®'. The weak band at 2888.15 cm™ is due to the (C-H) stretching vibration of methylene group'”.

Proton NMR Spectra

The Proton NMR spectrum of ASF terpolymer resin is depicted in Figure-2. The proton NMR spectrum
reveals that the signals around 2.8-4.3 ppm are due to the methylene proton of the Ar-CH,-Ar linkage.
The multiplet signals observed in the range of 6.8-7.9 ppm are indication of the presence of aromatic
protons. The signal displayed at 8.2 ppm may be due to the carboxylic proton of Ar-COOH. The signal in
the region of 9.8 ppm is assigned to the -OH group of Ar-COOH involved in the intramolecular hydrogen
bonding with proton of -OH in Ar-OH. A weak signal appeared in the region of 1.2 ppm is assigned to the
-NH, protons of Ar-NH,; group in the terpolymer resin.
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Fig.-2: Proton NMR spectra of ASF terpolymer resin.
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Fig.-3: X-RD of ASF terpolymer resin
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Fig.-4: Transmission Electron micrographs (TEM) of ASF terpolymer resin

X-Ray diffraction

The x-ray diffraction diagram of the polymer displayed the main characteristic peak and a broad shoulder
in the range of 20>, In view of the relative half value width, it may be concluded that the polymer is
partially crystalline. The broad characteristic peak indicates the amorphous nature of the polymer which
can also be explained by TEM study. The XRD spectrum was used to calculate crystallite size of ASF
terpolymer resin using Scherer’s formula of Cullity.

Where -A is x-ray wavelength (1.54056 A°), 0 g is Bragg’s diffraction angle and B is reflection
broadening as full width at half maximum intensity. The particle size of ASF terpolymer resin has been
calculated which is found to be at around 28.21 nm. The polymer under study is a terpolymer hence it is
very difficult to assign its exact structure. However on the basis of the nature and relative position of the
monomers, elemental analysis, IR, NMR, TEM and XRD spectral studies and taking into consideration
the most probable structure has been proposed for ASF terpolymer resin (Scheme-1).

Morphological studies

The morphology of the synthesized and purified terpolymer resins under investigation has been reported
by transmission electron micrographs at magnifications 150000 X and 300000 X are shown in Figure-4.
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The size of terpolymer resin is approximately 23.1 nm to 31.6 nm. The image of copolymer clearly
indicates a less close packed structure with high porosity or voids. The voids present in the copolymer
may be responsible for the swelling behavior and the reactivity of the active sites buried in the polymer
matrix. The image also showed a transition state between amorphous and crystalline state. The crystalline
form in the copolymer may be due to the acidic nature of monomers. However, more predominantly the
copolymer is amorphous and this change of crystalline into amorphous is due to the polycondensation. At
different magnification the resin shows more amorphous character with less closed packed surface having
deep pits.
CONCLUSIONS

The terpolymer resin ASF was synthesized by the microwave assisted synthesis of anthranilic acid-
salicylic acid-formaldehyde (ASF) terpolymer resin in the presence of DMF. This method is energy-
saving as well as time-saving as compared to the conventional method which requires 5 hours for the
completion of the reaction. The resin is yellow in color, insoluble in cold and hot water, chloroform,
carbon tetrachloride but completely soluble in acetone, 1,4-dioxane, N,N-dimethyl formamide, dimethyl
sulfoxide, pyridine. Through FT-IR, proton NMR, X-RD, TEM the proposed structure of the ASF
terpolymer resin was confirmed.
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ABSTRACT The terpolymer resin has been synthesized by using the microwave assisted synthesis. The ASF terpolymer

resins have been prepared from anthranilic acid (A), salicylic acid (S) and formaldehyde (F) in DMF media. Den-
sity (d), ultrasonic velocity (Us) and viscosity (ns) of terpolymer resin have been measured in DMSO at different concentrations. The
experimental data have been used to calculate the acoustical parameters namely acoustic impedance (z), adiabatic compressibility (Bs),
intermolecular free length (Lf).

INTRODUCTION was measured between same two marks on the capillary.
Ultrasonic studies in polymer solutions have been the On average, three readings were taken. Ultrasonic velocity
subject of research in recent years [1-8]. Recently many measurements were made by variable path single crystal
workers have carried out work on polymer solution us- interferometer (Mittal Enterprises, Model F-81) at 2MHz
ing ultrasonic technique. An acoustical study provides a with the accuracy of +0.03 %. Ultrasonic and thermody-
useful technique to understanding the physico-chemical namic parameters have been measured at 310.15 K.
properties of the interacting components in polymer solu-
tion. Ultrasonic technique is extensively used in biology, THEORY
biochemistry, dentistry, consumer, medical, engineering
process industries, polymers, geography etc. uses of poly- The ultrasonic velocity (Us), density (d) and viscosity (ns)
mers in technology have promoted ultrasonic studies to in terpolymer resin of various concentrations have been
understand structures of polymers and furnish knowledge measured at 310.15 K. Acoustical parameters such as adi-
on solvophobic or solvophilic nature of polymers. In the abatic compressibility (fs), free length (Lf), acoustic imped-
present investigation, free intermolecular length, acoustic ance (Z), relaxation time (t), were determined using the
impedance, adiabatic compressibility, relaxation time of observed values of velocity, density & viscosity using the
terpolymer resin derived from anthranilic acid (A), salicyl- standard relations given below.
ic acid (S) and formaldehyde (F) in DMF media has been
evaluated in DMSO at different concentration using experi- Adiabatic compressibility (3s) has been calculated from the
mentally determined values of ultrasonic velocity, viscosity ultrasonic velocity (Us) and the density (d) of the medium
and density. using the equation as:
MATERIALS & METHODS Bs=1/2Usd
The chemicals used in the present work were of analytical
reagent (AR) with minimum assay of 99.9% were obtained Intermolecular free length (Lf) has been determined as:
from Anthranilic acid (Loba, Mumbai), Formaldehyde
(87%) (S.D. Fine Chemicals, Mumbai), Salicylic acid (Thom- Lf =K x \Bs
as Baker, Mumbai) was used as received. The solvents and
monomers were purified by the conventional methods. The Where K - is a Jacobson’s constant.
densities of the terpolymer resin were measured at differ-
ent concentrations. The viscosities of the terpolymer resin Relaxation time (t) has been calculated from the adiabatic
were measured by using the Ostwald viscometers. The vis- compressibility ($a) and viscosity of the liquid () as:
cometer was suspended in an experimental bath having a
glass window to observe the meniscus of the liquid. T=4/3Bs1
To determine the flow time the viscometer was cleaned Acoustic impedance (Zs) The specific acoustic impedance is
thoroughly with doubly distilled DMSO, dried and then related to density and ultrasonic velocity by the relation.
filled with a fixed amount of DMSO and mounted inside
the thermostat vertically. The liquid was then allowed Zs=Usxd
to flow down through the capillary. The stop watch was
started as soon the liquid meniscus touched the upper fi- RESULTS & DISCUSSION
ducially mark, the stop-watch having an uncertainty of + Table 1: Values of Density(d), Velocity (Us), Viscosity (ns),
0.1s. To measure the flow for given solution, the viscometer Adiabatic Compressibility (fs), Specific Acoustic Imped-
was rinsed with given solution and same amount of the so- ance (Zs), Intermolecular Free Length (Lf), Relaxation time
lution was introduced in the viscometer and time of flow (1): at 310.15 K in DMSO.
rNo Conc D Us ns £5s Zs Lf T

(Kgm™) (ms™) cp (X10°m?N™) (kgm?s1) (A% (109)
1 0.3 1.0832 1497.78 1.5271 4.1152 1622.3952 134.491 8.3791
2 0.25 1.078 1484.38 1.4917 4.2101 1600.1616 136.038 8.3736
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3 0.2 1.072 1472.52 1.4552 43021 1582.9591 137.511 8.3472
4 0.15 1.066 1459.24 1.4097 4.4054 1555.5498 139.152 8.2804
5 0.1 1.061 1445.61 1.3845 45101 1533.7922 140.795 8.3256
6 0.05 1.058 1430.82 1.3528 4.6168 1513.8075 142.451 8.3275
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Increase in density (figure-1) with increase in concentration.
It is observed from figure-2 that the ultrasonic velocity in-
creases with increase in concentration and this is probably
due to solute-solvent interactions. Figure 3 depicts that vis-
cosity of the liquid increases with the increase in concen-
tration. Ultrasonic velocity and viscosity increase with in-
crease in the concentration of solute. The increase suggests
a structure-making capacity of terpolymer resin in solu-
tion. Moreover, the increase in ultrasonic velocity indicates
the possibility of H-bond formation between solute and
solvent. There is also an indication of greater association
among the molecules [10, 11]. The adiabatic compressibil-
ity (Bs) (figure-4) decreases with increasing concentration of
solute. This may be due to the aggregation of solvent mol-
ecules around the ions supporting solute-solvent interac-
tion [12, 13]. As concentration increases, a larger portion of
the solvent molecules are electro restricted and the amount
of bulk solvent decreases causing the compressibility to de-
crease. Decrease in adiabatic compressibility indicates the
formation of large number of tightly bound systems.Acous-
tic impedance (figure-5) is the product of ultrasonic veloc-
ity and density. As density and velocity both increase with
increase in concentration of solute. This indicates the com-
plex formation and intermolecular weak association which
may be due to hydrogen bonding [14].Intermolecular free
length (Lf) (figure-6) depends on the intermolecular attrac-
tive and repulsive forces. As concentration increases, num-
ber of ions or particles increase in a given volume leading
to decrease in the gap (intermolecular free length) between
solute-solvent. Also, the decreased compressibility brings
the molecules to a closer packing resulting in decrease in
intermolecular free length [15]. Relaxation time increases
(figure-7) with an increase in concentration.

CONCLUSIONS

The ultrasonic study of terpolymer resin shows the pres-
ence of molecular interactions between the solute-solvent
interactions. The ultrasonic velocity increase with increase
in concentration which is due to the decreases in intermo-
lecular free length of the solute-solvent. The density and
viscosity increases with increase in concentration. Adiaba-
tic compressibility and intermolecular free length decreases
with increase in concentration.
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1. Microwave Assisted Synthesis,
Characterization and Antibacterial
Study of A Anthranilic Acid, Salicylic
Acid and Formaldehyde Terpolymer Resin

A. M. Surjushe'*, A. B. Patil’, P. R. Dahake’
Dep“utment of Chemistry, Smt V. N.Mahila M'\hawdyahya Pusad (MH) India.
Department of Chemistry, P. N. Mahavidyalaya, Pusad (MH) India.

Abstract

Terpolymer resin (ASF) has been synthesized using anthranilic acid (A), salicylic acid (S)
and formaldehyde (F) in DMF medium at 132 + 2°C utilizing 1:1:2 molar extents of the responding
monomers in 114 second. Distinctive spectral methods were utilized, for example, Proton-Nuclear
Magnetic Resonance (H-NMR), Fourier Transform-Infra Red (FT-IR) and Scanning Electron
Microscopy SEM to characterize and structure

Distinct gushing proof of the as combined terpolymer resin after purification. The different
bacterial society were utilized to screened the antibacterial exercises of the as blend terpolymer
resin. The integrated terpolymer resin has demonstrated great antibacterial exercises when
contrasted with the standard ciprofloxacin.
Keywords: Synthesis, ASF terpolymer, Spectral Studies, Antibacterial Activities.
Introduction

In late situation, blends of eco-friendly polymers which are having some organic exercises
Le. antibacterial action are on interest having. Most of the times dynamic polymers are assault by
small scale creatures, for example, growths, microscopic organisms, and so forth prompts loss of
their exceptional properties like staining, recoloring, mechanical properties, surface debasement
and other deteriorations." Terpolymers orchestrated by utilizing o-and m-hydroxy acetophenones,
m-amino acetophenones, p-chlorobenzoic acid, 4-hydroxylphenacyl bromide alongside substituted
sweet-smelling mixes and formaldehyde indicated maintain bactericidal and antifungal activity.””
Various colleagues contemplated the natural exercises of substituted Acetophenone based

terpolymers, and p-hydroxy benzaldehyde oxime based terpolymers, phenolic resin with

PART - II 1|Page.
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Lanthanides (II[) and Poly [(2-Hydroxy
demonstrated that these terpolymers were great in different appl
Shah blended saps by buildup of blends of phenol or hydroxybe

with different amines.'?> Mondal orchestrated the terpolymer fr

om substituted benzoic acids and

contemplated their metal particle consumption capacity. Metal particle uptake limit of these

terpolymer."
ourea with para formaldehyde

terpolymers increases with increasing mole extents of the In their different

examination Mondal expressed that the o-nitrophenol and thi

.o 14
terpolymer can be utilized an astounding cation exchanger for Zn2+and Co2+ions. = Shah

incorporated Salicylic corrosive/formaldehyde/resorcinol terpolymer resins and explored their

- . 3% . . ; : 15
utilizes for the evacuation and partition of substantial metal ions from paired blend soluions.

Mondal reported the first run through microwave helped combination of the chelating saps by

using chloro-methylated polystyrene with o-amino thio-phenol and S-acidic corrosive under a

microwave light for 45 min at 180 W power levels.'®

Our work manages the amalgamation and portrayal of anthranilic corrosive salicylic

corrosive formaldehyde (ASF) terpolymer resin by different spectral and physicochemical

techniques and relative antibacterial action is contemplated against bacterial society.

Experimental

Materials
Precursor materials such as Anthranilic acid (Loba chem India), Formaldehyde (37%)

(S. D. Fine Chemicals, India) and Salicylic acid (Thomas Baker, Mumbai, India) were used as
received without purification. The solvents and monomers were purified by using standard
]laboratory methods.
Synthsesis of ASF terpolymer resin

The microwave helped strategy is utilized to combine ASF terpolymer resin. Monomers
for example, Anthranilic acid (A)(0.01mol) and Salicylic acid (S)(0.01mol) with formaldehyde (F)
(0.02mol) are poured in the DMF medium and kept at 132 + 2°C for 114 second in a microwave
reactor set at 180 W. After the finishing of response, the response terpolymer resin was cooled by
pouring over smashed ice in a perfect measuring utensil with consistent mixing and left overnight.
The yellow shaded terpolymer resin was gotten .The as combined resin then washed with warm
water and methanol to evacuate any unreacted buildups. The terpolymer resin was further purged

by dissolving in 8% NaOH and re- accelerated by drop-wise expansion of 1:1 (v/v) of 2 M

PART — Il ' | :
2|page
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Hydrochloric corrosive. The accelerated item i.e. terpolymer was separated off, washed with warm

water, and kept for vacuum drying in desiccators over anhydrous CaCl2.

ooM COOH
NHy OH ; :
= T MW, 114 Sec
+ CH,0 # I -
= = DMF, 132+2 °C
Anthranilic acid Formaldehyde Salieylic acid

COoOoH

COOH
MH3 ~OH
CH;
; n

ASF Terpolymer resin

Scheme 1: Synthesis of ASF terpolymer resin

Spectral Analysis
The H-NMR range of the as incorporated ASF terpolymer resin was recorded in DMSO
dissolvable utilizing a FT-NMR spectrometer model Avance-1I Bruker at 400 MHz.A Shimadzu

spectrometer was utilized for recording the FT-IR range of the ASF resin to recognize the linkages

and useful gatherings.
Results and Discussion

We studied the physicochemical properties such as color, solubility, etc of the synthesized
material and found that the as synthesized terpolymer resin ASF is yellow in color, insoluble in
cold and hot water, chloroform, carbon tetrachloride but found completely soluble in other organic

solvents such as acetone, 1,4-dioxane, N, N-dimethy] formamide, dimethyl sulfoxide, pyridine.

PART - || 3|Page

14



NATIONAL CONFERENCE - 2017 .
RECENT ADVANCES IN SCIENCES - 2017 (RAS-2017) IDEAL - ISSN - 2319-359X

Proton NMR \|)I.‘(,lld -

»—Jl M“‘fh\ 1 —J”“J_L Ji

_Ywkhe e Mt

3 Y
HanishkunsEmanul SnEagma Ll . com

Figure 1. Spectrum H-NMR of ASF terpolymer resin.

Figure 1 demonstrates the H-NMR range of as incorporated ASF terpolymer resin.
Investigations of above H-NMR spectra demonstrate the signs around 2.8-4.3 ppm are may be
because of the methylene proton of the Ar-CH2-Ar linkage of terpolymer resin. The multiplets saw
in the scope of 6.8-7.9 ppm are due to the nearness of fragrant protons. The sharp peak cbserved at
8.2 ppm might be because of the carboxylic proton of Ar-COOH. The top in the locale of 9.8 ppm
is doled out to the - OH gathering of Ar-COOH which is included in the intramolecular hydrogen
holding with proton of - OH in Ar-OH. A powerless sign showed up in the locale of 1.2 ppm is
relegated to the - NH2 protons of Ar-NH2 bunch in the terpolymer resin.

FT-IR Spectroscopy
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Figure 2 : Spectrum FT-IR of the ASF terpolymer resin.
Figure 2 demonstrates the FT-IR range of the as blended ASF terpolymer resin. An
expansive band is appeared in the range at around 3366 cm-lis due to the (O-H) extending

vibration of Ar-OH which is included in the intra-molecular hydrogen holding with Ar-COOH. C-
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N extending vibration of Ar-NI2group is seen as a solid band at around 1221 em-1.17A in number

crest at 1653 em-1lis because of C=0 extending vibration of the carboxyl gathering present in the
as integrated terpolymer pitch molecule. 18NH-extending vibration of amino gathering are showed
up as a solid crest at 3365.78 em-1.19 This peak found converged with the _'wide pinnacles of O-H
extending vibrations of - COOH bunche.s. The C-H twisting vibration of tetra-substitution in the
benzene ring is showed up as medium groups at 1103.28 em-1 and 906.54 ¢cm-1.19 Very powerless
band at around 2888.15 cm-1 is might be expected to the (C-H) extending vibration of methylene

gathering present in the as blended ASF terpolymer resin.17

Seanning Electron Microscopy

The examining electron micrographs at amplifications x1500 and x10000 are appeared in
Figures 3 and 4, individually. These images unmistakably outfit the surface elements of the as
combined ASF terpolymer resin. The SEM pictures show further pits and solid breaks at first
glance. Besides, it is intriguing to note that the less close stuffed and high porosity of the surface
increment the metal particle restricting property of the terpolymer resin. The morphology of

terpolymer resin demonstrates a bordered micelle model of the crystalline-indistinct structure.

L

Soo200v " X1,500 0001 1148 SEI

Figures 3 Figures 4
Antimicrobial Screening
Antibacterial action of terpolymer resin was examined against gram positive microscopic
organisms (Bacillus subtiles and Bacillus megaterium) and gram negative microbes (Escherichia
coli) at reasonable fixation by Mueller Hinton Agar method20-21. DMSO dissolvable was utilized
as control as a part of this strategy. The restraint zone was measured as width in four directions and

communicated as mean. The outcome was analyzed utilizing ciprofloxacin, an expansive range

PART - || ' - 5|Page

16



NATION:“\L CONFERENCE - 2017 5
RECENT ADVANCES IN SCIENCES - 2017 (RAS-2017) A
anti-infection as reference. Zone of hindrance for terpolymer resin test s gppoaret b Taiecl. The

blended terpolymer resin indicates areat antibacterial action against all microbes.

Table 1: - Relative antibacterial activity of ASF terpolymer resin

I Conecentrations Diameter of inhibition zones in
SR. | terpolymers screened em (activity index)
No (ng/ml) B. B.Megaterium | E. coli
= ' subtilis
50 NA NA NA
1 ASF 100 10.1 10.3 9.7
200 12.6 12.3 11.8
Conclusions

The as blend terpolymer resin is light yellow in shading, insoluble in chilly and boiling hot
water, chloroform, carbon tetra-chloride yet discovered totally dissolvable in acetone, 1,4-dioxane,
N,N-dimethyl formamide, dimethyl sulfoxide, pyridine. The proposed structure of the ASF
terpolymer resin was affirmed by utilizing information acquired from FT-IR, proton NMR, XRD
& SEM methods. The as blend terpolymer resin shows good antimicrobial exercises when
contrasted with standard medications. The incorporated terpolymer resin may discover assortment

of utilizations in the field of material science.
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[solation of Biofilm Forming Bacteria and Evalution of Different

Methods of Biofilm Formation in the Clinical Isolates
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Shri. R.L.T College of Science, Akola 444001, Maharashtra.
Email: kashidmrunali30@gmail.com

~ Abstract:

Microorganism growing in a biofilm are associated with chronic and recurrent
human infections and are highly resistant to antimicrobial agent.It has been estimated that
more than 600 different types of bacteria are present in mouth which are responsible for
biofilm formation. Some are S.aureus, E.coli, P. aeroginosa, B.subtilis.these bacteria
encountered a major problems such as Dental caries and loss of teeth.

Biofilm formed swab sample was collected of 20 patients by using swabbing
techniqueand bacteriological examination was carried out. The isolates were identified by
standard microbiological procedure.Biofilm detection was tested by TM, CRAmethod.
Antibiotic susceptibility was performed by Kirby-Bauer disc diffusion technique. TM
method shows biofilm formation inside the tube and on CRA medium black colored
colonies was observered by biofilm producing oraganism.we can conclude that
P.aeroginosa is highly, S.aureus is moderately and E.coli is weakly responsible for
biofilm Formation. These organism shows susceptibility to various antibiotics.
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Abslract;

.Temolymer (RPF) has been synthesized using the reacting monomers
es{;,rc‘"oll(R), Pthalamide (P) and Formaldehyde (F) in 1:1:2 proportions in the presence
tepcl media at 110 +2 °C in 90 second by microwave assisted method. The synthesized

Ryll";ef was purified and the structure has been elucidated on the basis of IR, H-
Scanp; C-NMR studies and the morphology of synthesized terpolymer was studied by
Ing electron microscopy (SEM).




MICROWAVE ASSISTED PREPARATIVE, STRUCTURAL OF
TERPOLYMER DERIVED FROM RESORCINOL, PHTHALIMIDE
AND FORMALDEHYDE
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ABSTRACT
Terpolymer (RPF) has been synthesized using the reacting monomers Resorcinol(R),
Phthalimide (P) and Formaldehyde (F) in 1:1:2 proportions in the presence DMF media at
110 +2 °C in 90 second by microwave assisted method. The synthesized terpolymer was
purified and the structure has been elucidated on the basis of IR, H-NMR, 13C-NMR studies
and the morphology of synthesized terpolymer was studied by scanning electron microscopy
(SEM).
Keywords: Synthesis, microwave irradiation, RPF terpolymer, Spectral analysis.

I. INTRODUCTION

The synthesized terpolymer, showing versatile applications and properties, attracted the
attention of scientist and introduce the recent innovations in the polymer chemistry.
Terpolymers have a large number of practical applications in electronic controls, insulating
materials, protective adhesives, aerospace industries, ion-exchanger, semiconductors,
antioxidants, fire proofing agent, optical storage data, binders, molding materials etc because
of their high thermal stability, heat and chemical resistance and electrical insulation properties
[1-3]. Looking the scope of high performing terpolymer , in the present paper, synthesis of
RPF; its spectral characterization by NMR, IR, 13C-NMR spectra have been described and
morphology was studied by SEM micrographs.

I1. EXPERIMENTAL SECTION
Materials:

All chemicals were AR grade or chemically pure grade; Resorcinol, Pthalamide and
Formaldehyde were procured from S.D. fine chemicals, India. Whenever required they were
further purified by standard procedure.

Synthesis of terpolymer derived from Resorcinol, Pthalamide and Formaldehyde

The RPF terpolymer was synthesized by microwave assisted method of Resorcinol,
Phthalimide and Formaldehyde in the presence of DMF as a catalyst with molar proportion
1:1:2 of reacting monomers at 110 +2 °C in 90 second. The reaction mixture was then cooled,
poured on crushed ice and left over night. It was collected by filtration and the product was
washed several times with hot water to remove unreacted component. The dried product was
crushed and squeezed with ether to remove unwanted copolymer and further purified by
reprecipitation technique. For this purpose the terpolymer resin was dissolved in 10% aqueous
sodium hydroxide solution, filtered and reprecipitated by gradual drop wise addition of ice cold
1:1 (v/v) concentrated hydrochloric acid / distilled water with constant and rapid stirring to
avoid lump formation.The process of reprecipitation was repeated twice. The terpolymer

22



sample RPF terpolymer thus obtained was filtered, washed several times with hot water, dried
in air, powdered and kept in vacuum desiccators over silica gel. A cremish solid was separated
out. The Yield was found to be 82%.

OH

OH 0 \
\\ O
. W o+ HCHo —LOME 5
110+2°C N
905ec
HO HO
0

0

Resorcinol Pttalamide Formaldehyc -
RPF Terpolymer

Figure 1: Reaction and suggested structure of representative RPF terpolymer
1. RESULTS AND DISCUSSION
H1 Nuclear Magnetic Resonance Spectroscopy

H1 NMR spectra of RPF terpolymers are shown in Figure 2 The signal appear at 6 7.7 to 7.8
ppm which is due to intermolecular hydrogen bonding probably tells the presence of phenolic
(~OH) proton, while protons on methylenic linkage of Ar—-CH2-N moiety absorbs at 6 3.4-3.5
ppm. The unsymmetrical pattern at 6 6.4—7.9 ppm indicates the presence of aromatic ring

protons (Ar-H). The signal in the range of 9.4 — 9.6(8) ppm is attributed to phenolic -OH
proton. The signal at 2.4 (&) [ Jppm was due to DMSO solvent.
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Figure 2: Figure 2. 1H NMR spectraof RPF terpolymer
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C13 Nuclear Magnetic Resonance Spectroscopy

The C13 NMR spectrum of all RPF terpolymer is shown in Figure 3. The spectrum shows that
there are signals in the region at 6 101.8, 105.4, 122.8, 124.5, 132.6, 144.5 and 158.4 ppm may
be corresponded to carbons present in aromatic ring [18]. The peak appeared at & 165.7-168.3
ppm of may be corresponding to carbonyl group. The peaks appeared at 6 42.8-43.2 ppm may
be due to the —CH2 — bridge in terpolymer resin. All these peaks confirmed that the RPF
terpolymer must have linear structure. There is very sharp peak appearing in the region 6 76—
78 ppm is of CDCI3 which was used as reference in this work.

I
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Figure 3: C 13 NMR spectra of RPF terpolymer
IR Spectroscopy

The FT-IR spectrum of RPF terpolymer is shown in Figure 4 represented strong band
absorption band appeared in the region 3448.71 cm-1 was assigned to the stretching vibrations
of phenolic hydroxyl (-OH) group exhibiting intermolecular hydrogen bonding [19, 20]. Peak
appeared at 1425.88 and 1358.48 cm-1 assigned to in plane bending vibration of phenolic —
OH. The strong band at 1709.87 cm-1 may be due to the stretching vibrations of >C=0. A
sharp and weak peak obtained at 1329.75 cm-1 indicates the presence of stretching vibrations
of methylene group (—CH2-) in the terpolymer chain. [28] The band appeared between 1407.74
t01510.02 cm-1 is due to the presence of >C=C< in aromatic ring in terpolymer. The band at
1607.67cm-1 may be due to aromatic ring substituted. 1, 2, 3, 5- tetra substitution of aromatic
ring was assigned due to the peaks at 1148.01, 1056.10 and 977.29 cm-1.
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Figure 4: FT IR spectra of RPF Terpolymer
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Scanning Electron Microscopy
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Figure 5 Figure 6

The morphology of the reported terpolymer sample was investigated by optical photographs
and scanning electron micrographs to characterize particle shape, size and surface morphology
which are shown in Figure 5 and 6 respectively at 90X and 1500X magnification. The SEM
micrographs of RPF terpolymer sample exhibits spherulites with deep corrugation. The
spherulites are complex polycrystalline formation having as good as smooth surface. The
photograph shows the fringed and scatted nature having shallow pits represent the transition
between crystalline and amorphous. The resin exhibits more amorphous characters with closed
packed surface having deep pits in figure 6. These evidences indicate that more or less the
terpolymer shows amorphous character with less close packed surface having deep pits. The
terpolymer thus possesses amorphous nature and showing higher exchange capacity for metal
ions [17]. Thus SEM micrographs morphology of the trpolymer shows that the RPF terpolymer
has crystalline and some amorphous characters transition between crystalline and amorphous
nature when compare to the other resin [23-24], the RPF terpolymer resin is more amorphous
in nature, hence shows higher metal ion exchange capacity.
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ABSTRACT

The terpolvmer has been synthesized by using the microwave assisted method. The RPF terpolymer have
been prepared from Resorcinol (R), Pthalamide (P) and Formaldehyde (F) in 1:1:2 proportions in the
presence DMF media. Density (d), ultrasonic velocity (Us) and viscosity (ys) of terpolymer have been
measured in DMSO at different concentrations. The experimental data have been used 1o calculate the
acoustical parameters namely acoustic impedance (z), adiabatic compressibility (fs), intermolecular free
length (Lf). The results are discussed in the light of solute-solvent interaction and structural effects on the

solvent in solution.

Key words: Terpolymer, ulirasonic velocity. acoustic impedance, adiabatic compressibility, intermolecular

free length.
INTRODUCTION

The study of intermolecular interaction plays an
important role in the development of molecular
Sciences. The nature and relative strength of the
molecular interaction between the components of
the liquid mixtures have been studied by the
ultrasonic method [1]. Ultrasonic studies n
polymer solutions have been the subject of
research in recent years [1-8]. Recently many
workers have camed out work on polymer
solution using ultrasonic technique. An acoustical
study provides a useful technique to understanding
the physico-chemical properties of the interacting
components in polymer solution. A large number
of studies have been made on the molecular
interaction in liquid mixtures by various physical
methods like Ultraviolent, Infrared [2]. Nuclear
Magnetic resonance, Dielectric constant [3],
Raman Effect and ultrasonic method. For
interpreting solule-solvent, ion-solvent interaction
in aqueous and non-aqueous medium was helpful
from Ultrasonic velocity measurements in recent
vear [4].Ultrasonic investigation has been the
subject of exhaustive research and finds extensive
applications in charactenizing physicochemical
behaviour and solute-solvent interaction in pure
liquids[5], liquid mixtures and electrolytic
solutions [6] at various temperatures[7]. In the
present investigation, free intermolecular length,
acoustic impedance, adiabatic compressibility,
relaxation time of terpolymer resin derived from
Resorcinol (R), Pthalamide (P) and Formaldehyde

(F) in DMF media has been evaluated in DMSO at
different concentration using experimentally
determined values of ultrasonic velocity, viscosity
and density.,

MATERIALS & METHODS

All chemicals were AR grade or chemically pure
grade; Resorcinol, Pthalamide and Formaldehyde
were procured from S.D. fine chemicals, India.
Whenever required they were further punified by
standard procedure. The solvents and monomers
were purified by the conventional methods. The
densities of the terpolymer were measured at
different concentrations. The wviscosities of the
terpolymer were measured by using the Ostwald
viscometers. To determine the flow tme the
viscometer was cleaned thoroughly with doubly
distilled DMSO, dried and then filled with a fixed
amount of DMSO and mounted inside the
thermostat vertically. The liquid was then allowed
to flow down through the capillary. The stop
waich was started as soon the liquid meniscus
touched the upper fiducially mark, the stop-waich
having an uncertainty of + 0.1s. To measure the
flow for given solution, the viscometer was rinsed
with given solution and same amount of the
solution was introduced in the viscometer and time
of flow was measured between same two marks on
the capillary. On average, three readings were
taken. Ultrasonic velocity measurements were
made by variable path single crystal interferometer
(Mittal Enterprises, Model F-81) at 2MHz with
the accuracy of +0.03 %. Ultrasonic and
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thermodynamic parameters have been measured at
310,15 K.

THEORY

The ultrasonic  velocity measurement is
extensively used to study the physico-chemcal
behaviour of liquids. With the help of
measurements of density and viscosity the
following parameters like ultrasonic velocty,
adiabatic compressibility, acoustic impedance,
relaxation time and ultrasonic attenuation are
calculated by using the following expressions
Adiabatic compressibility (,):

Adiabatic compressibility (f,) has been calculated
from the ultrasonic velocity (U,) and the density
(d) of the medium using the equation as:

ph=1/20,4d.......... (1)
Acoustic impedance (Z,):
Acoustic impedance (Z,) The specific acoustic
impedance is related to density and ultrasomic
velocity by the relation.
Il xd <. oo ini(2)

Where U, and d are the ultrasonic velocity and
density of the liquid respectively.
The Intermolecular free length (L1):

The Intermolecular free length (Lf) 1s calculated

using the following equations:

Lf =K x Vi oic oo (3)
Where K — is a Jacobson's constant.
Relaxation time (7):

Relaxation tme (1) is the time taken for the
excitation energy lo appear as translational energy
and 1t depends on temperature and on impurities.
The dispersion of ultrasonic velocity in binary
mixture reveals information about the
charactenstic ime of the relaxation process that
causes dispersion. The relaxation time (1) can be
calculated from the relation as;
=43 fsn,... ... ... (4)
Where (fis) adiabatic compressibility and (n,)
viscosity of the hiquid.

Relative Association (RA):
Relative Association (RA) is calculated by using
the following equations:
RA=(dxU)/(d,xU)... ... ...(5)

RESULTS & DISCUSSION

The experimental data of Ultrasonic velocity (U,),
Density (d). Viscosity (ns), Adibatic
Compressibility (Ps). Intermolecular free length
(L), Acoustic impedance (Z) and Relative
Association (RA) of terpolymer in DMSO 1s given
in table-L

Sr.No d Us f.is s o 5 RA
.| © | e | @y | ™ | x10PwNY | et | HAD | 100D
1 30 1.249 | 159640 | 12882 | 4.9022E.05 1994.41 155,006 | B4199E-05 1.0832
2 235 1.227 | 1532.59 | 1.2650 5223E-05 188023 | 156.648 | B.BO9TE-05 | 1.0771
3 20 1.204 | 146033 | 1.2418 | S5.6474E-05 1758.744 | 160,091 | 93507E-05 | 1.0710
4 1.5 1182 | 140224 | 12186 | 6.01066E-05 | 1657.253 | 164.424 | 9.7663E-05 | 1.0611
5 1.0 1161 | 1346.61 | 1.1975 | 6.40441E-05 | 1563.883 | 168.127 | 1.0226E-04 | 1.0531
6 0.5 1.139 | 1288.82 | 1.1747 | 6.85863E-05 | 1468.298 | 172.402 | 1.0T42E-04 | 1.0452
Table-1.
1.300 - Density 1.4000 - Cone/ Viscocity
1.250 |
1.3000 -
1.200 - .
1150 - i IS
1.100 1.1000 -
4.0 0.0 1.0 20 30 4.0
(Figure-1) (Figure-2)
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1800.00 - Cone/ 8.0000€-05 | Conc / Adiabatic
Velocity  compressibility
lmm T.m-u’s i
6.0000E-05 ®
1 i g
g 3 5.0000€-05 2 e
220000 Mot gy 4.0000€-05 : ; .
00 05 10 15 20 25 3.0 35 0.0 1.0 20 3.0 4.0
(Figure-3) (Figure-4)
Cone/ Specific acoustic 175 llg Cone/ Intermolecular
2200 impedance A lepgt
1900 | 165
160
1600 -
. 155 o
1300 4 Y ' 150 g -
0.0 1.0 2.0 30 4.0 0.0 1.0 20 3.0 4.0
(Figure-5) (Figure-6)
1.09 Conc / Relatjve
Astpition
1.07 -
1.06 -
1.05
1.04 +—
0.0 10 20 3.0 4.0
(Figure-7)
Increase in density (Figure-1) with increase in confirms  the presence of  solute-solvent

concentration. It 1s observed from (Figure-2) that
the ultrasonic viscosity increases with increase in
concentration and this is probably due to solute-
solvent interactions. The (Figure 3) depicts that
ultrasonic velocity of the liquid increases with the
increase in concentration. Ultrasonic velocity and
viscosity  increase  with  increase  in the
concentration of solute. The increase suggests a
structure-making capacity  of terpolymer in
solution. Morcover, the increase in ultrasonic
velocity indicates the possibility of H-bond
formation between solute and solvent. There s
also an indication of greater association among the
molecules [9, 10]. The adiabatic compressibility
(Ps) (Figure-4) decreases with  increasing
concentration, for  terpolymers  which  further

interactions. From table 1, it is evident that,
adiabatic  compressibility  (fs)  values  of
terpolymers solutions show decrease with the
increase of solute concentration. This can be
explained in terms of the electrostane effects of
terpolymers on the surrounding solvent molecules.
Decrease in adiabatic compressibility indicates the
formation of large number of tightly bound
systems, Acoustic impedance (Zs) (Figure-5) is the
product of ultrasonic velocity and density. As
density and velocity both increase with increase in
concentration of solute. This indicates the complex
formation and intermolecular weak association
which may be due to hydrogen bonding [11].
Intermolecular free length (Lf) (Figure-6) depends
on the mtermolecular attractive and repulsive
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forces. As concentration increases, number of 1ons
or particles increase in a given volume leading to
decrease in the gap (intermolecular free length)
between  solute-solvent.  Also, the decreased
compressibility brings the molecules to a closer
packing resulting in decrease in intermolecular
free length [12]. Relaxation time increases with an
increase in concentration. Relative Association
(RA) (Figure-7) increase n concentration. It
depicts that relative association (RA) increases
with increase in concentration. This increase
indicates salvation of solute molecules. A similar

increase in the value of RA has been found in case
of sucrose solution by Syal [12].

CONCLUSION

From the present investigation, it is eventually
concluded that existence of solute-solvent
interactions in fterpolymers but it is more
significant in  terpolymer as compared 10
copolymer due to more number of monomeric
units.
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ABSTRACT: This paper presents the microwave assisted synthesis of a terpolymer by using the o-aminophenol , urea and
formaldehyde. The o-APUF terpolymer have been synthesized from o-aminophenol (0-AP), urea (U) and formaldehyde (F)
in DMF media at 13242 °C for 110 sec where as the conventional method took five hours refluxing at 126 to 128°C. The
synthesized terpolymer was purified and then characterized on the basis of spectral data generated from FTIR,
HINMR' C**NMR and SEM.

Keywords: microwave irradiation, structure, spectral analysis, o-APUF.

INTODUCTION

Tercopolymer are macromolecular entities which form an integral part of the backbone. Tercopolymers are found to be amorphous
powder or crystalline resinous in nature and form special class of polymers which are widely known for their uses. Terpolymer is
found very useful application as adhesive, high temperature flame resistant, fibers, coating materials, semiconductors, catalysis and
ion exchange resins.[1,2,3] lon-exchange resins have attracted much interest in the recent years due to their application in waste
water treatment, metal recovery and for the identification of specific metal ions.[4,5]. However, the metal ion removal by chelating
ion-exchange resin using batch equilibration method has gained rapid acceptance because of its wide variety of sorbent phases, high
degree of selectivity, high loading capacity and enhanced hydrophilicity [6]. lonexchangers are widely used for the treatment of
radioactive wastes from nuclear power stations [4].

MATERIAL AND METHODS:
SYNTHESIS OF o-APUF TERPOLYMER

The proportionate mixture of o-aminophenol (0.1 mol, 1.091 g) and urea (0.1 mol, 0.70 g) with formaldehyde (7.50 ml of 37 %, 0.2
mol) in a proportion of 1:1:2 in the presence of DMF medium at 130+ 2°C for 110 Second using a microwave system. The resinous
brown solid mass obtained was immediately removed from the flash as soon as the reaction period was over and then it purified.

The resinous brown product so obtained was repeatedly washed with cold distilled water, dried in air and powdered with the help
of mortar and pestle. The powdered sample was washed many times with boiling water and ethanol to remove unreacted monomers.
It was further purified by dissolving in 8% NaOH solution, filtered and reprecipitated by gradual addition of ice cold 1:1 (v/v)
concentrated HCI/distill water with constant and rapid stirring to avoid lump formation. The process of reprecipitation was repeated
thrice. The resulting terpolymer sample was filtered, washed several time with boiling water, dried in air, powdered and kept in
vacuum over silica gel. The yield of the terpolymer was found to be 88%. The reaction is shown as follows.

NH,
OH DMF
n ., NMHN—=C—=NH " snncHo
130 + 2 %, 110 Sec
0-Aminophenol Urea Formaldehyde

NH,

OH

. HN— ﬁ—NH\ + 2n H,0
o)

CHy CH;

0-APUF

Fig. 1. Reaction and Suggested Structure of Representative 0-APUF terpolymer
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RESULTS AND DISCUSSION:

I 1H-NMR SPECTROSCOPY

The NMR spectra of o-APUF terpolymers were scanned in DMSO and have been shown in (Fig. 2). The NMR spectral data are
incorporated in (Table 1). Proton NMR spectra of terpolymer show a weak multiplet signal (unsymmetrical pattern) 7.80 to 7.90
(8) ppm is due to the aromatic protons. The weak multiply signals in the range at 6.62 — 6.76 (8) ppm is due to the amido —CHa-
NH-CO linkage. A signal at 3.66 — 4.12 (8) ppm is due to methylene proton of (Ar — CH, — N) moiety. The signal appeared in the
range of 8.28 — 8.34 (8) ppm can be assigned to proton of phenolic -OH. A week signal appeared in the range of 1.2507-1.2526 (3)
ppm is due to the presence of Ar-NH> group. In the region of 2.16 — 2.69 () ppm is due to methelenic bridges of Ar — CH, — Ar
linkage[14].

Table 1

1H NMR Spectral Data of o-APUF Terpolymer

Chemical shift (6) ppm of copolymer Nature of proton Expected
0-APUF-1 | 0-APUF-II | 0-APUF-1Il | o-APUF-IV assigned Values
7.9 7.8 7.89 7.88 Aromatic proton 6.5-8.5
(unsymm. Pattern)
Amido proton of —
6.62 6.64 6.76 6.76 CH2-NH.CO linkage 6-7
Mathelene proton of
3.66 3.89 3.99 412 Ar-CH2-N moiety 355
Proton of Ar-OH
8.28 8.34 8.31 8.34 (phenolic-OH) 7.5-8.5
1.2507 1.2526 1.2505 1.2513 Amine Ar-NH; 1.1-35
Methelene proton of
2.16 2.49 2.54 2.69 Ar-CH2-Ar 1.5-55
4 L{ s 1 — lL d
5r- S50 e ) "J &= 61 35 :71: 45 JY,A; 35 ’; :r- ’YJ ,': 1.0 2.5 )l) v

Chemocal Shift & (ppm}

Fig. 2. '"H NMR Spectra of 0-APUF Terpolymer
Il. 3C NMR SPECTROSCOPY

13C NMR spectra of 0-APUF terpolymers are presented in Fig. 3. The 13C NMR spectra of o-APUF terpolymers peak are assigned
with reference to the literature values. Thel3C NMR spectra show the corresponding peaks at 122.14, 128.71, 129.49, 132.88 and
154.94 ppm with respect to C1-Cg of aromaticring of the benzophenone. The peak appeared at 163.11 ppm of may be corresponding
to carbonyl group of biuret moiety. The peak appeared at 67.56 ppm may be due to the presence of —C-OH group in aromatic
benzophenone group. The peaks appeared at 40.27 ppm may assigned to the —CH2 — bridge in terpolymer. The medium peak
appeared at 116.33 ppm may be confirmed the presence of —C-NH group of terpolymer. The 13C NMR spectrum clearly established
the linear structure of the terpolymer synthesized from o-aminophenol-urea-formaldehyde.
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Fig. 3. 3C NMR Spectra of 0-APUF-1 Terpolymer

I1l. INFRA-RED SPECTROSCOPY

The recorded FTIR spectra of 0-APUF terpolymer is shown in (Fig. 4) and the important IR bands along with their assignments have
appeared in the spectrum is tabulated in (Table 2). The spectrum shows a very broad absorption band at 3252-3403 cm™ may due to
the the stretching vibrations of phenolic hydroxyl (Ar-OH) involved in intramolecular hydrogen bonding between —OH, >CO and
>NH group of amide/imides [15]. The 1,2,3,5 tetrasubstitution of aromatic benzene ring can be recognized from sharp and medium
absorption bands appeared at 559-583cm, 1086-1100 cm* respectively. The weak band at 2812-2887 cm* may be due to stretching
vibration of >NH (amide/imides). The band at 1527-1535 cm™ may be due to bending vibration of -NH in secondary amide. The
bands at 1442-1447 cm? indicate the (-C-H bending) and —CH, bending of CH. group. The band obtained at 1288-1356 cm-!
suggests the presence of methylene (<CH, bridge. The sharp and strong band at 1624 — 1654 cm™ may be due to the bending
vibration of >C=0 group of urea moiety.

04
3

&non 00 2000 a0

0o B0

Fig.4. Infra Red Spectra of o-APUF Terpolymer

239 34

IJSDR1810039 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org |


http://www.ijsdr.org/

ISSN: 2455-2631 © October 2018 IJSDR | Volume 3, Issue 10

Table 2
IR frequencies of o-APUF Terpolymer
Observed band frequencies (cm™) Expected band
Assignment frequencies (cm-
0-APUF-I 0-APUF-11 | o-APUF-I1II 0-APUF-1V 1)
-OH phenolic
3398(b) 3403(b) 3392 (b) 3252(b) intermolecular 3500-3200
hydrogen bonding
>NH stretching
2812(w) 2887(w) 2822(w) 2842(w) (Amide/Imides) 2800-2900
(Carbonyl i
1629 (st,sh) | 1630 (st,sh) 1624 (st,sh) 1654(st,sh) Stretching vib.) 1630-1680
NH bending
1535(m) 1537 (m) 1527 (m) 1528 (m) vibration of 1510-1550
secondary amide
1447 (m) 1444 (m) 1442(m) 1443 (m) (-C-H bending) of 1445-1485
CH> group

1355(sh,m) | 1288 (shm) | 1310(sh,m) | 1356(sh,m) 'CHZbﬂgghey'e”e 1250-1340

559 (m) 583(m) 562 (m) 594 (m) 1,2,3,5 substitution 550-600
1100 (m) 1086(m) 1094 (m) 1089 (m) in aromatic ring 1050

sh=sharp, b=broad, st= strong, m= medium, w=weak

V. SCANNING ELECTRON MICROSCOPY (SEM)

(b)
Fig. 5. SEM Micrographs of o-APUF Terpolymer

The scanning electron morphology of the o-APUF terpolymer sample was investigated by different magnification 1000X and
5000X, which are shown in Fig. 5 (a) and (b) respectively. The terpolymer appeared to be brown in colour. The SEM morphology
of 0-APUF terpolymer exbitits spherulites and fringed model. The spherules are typical polycrystalline formation having as good
as smooth surface. In the present case the spherulites are complex polycrystalline nature of 0-APUF terpolymer. The morphology
of terpolymer shows also a fringes model of the crystalline amorphous structure. The extent of crystalline character depends on the
acidic nature of the monomer. The morphology shows the fringed and scatted nature having shallow pits represent the transition
between crystalline and amorphous. The terpolymer exhibits characters that are more amorphous with closed packed surface having
deep pits. Thus, by SEM micrographs morphology study of o-APUF terpolymer shows a transition between amorphous and
crystalline state. However, the o-APUF terpolymers show a more amorphous structure rather than crystalline, hence o-APUF
terpolymer exhibits higher metal ion exchange characteristic.
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ABSTRACT

This paper presents the microwave assisted synthesis of a terpolymer by using the o-aminophenol , melamine and formaldehyde.
The 0-APMF terpolymer have been synthesized from o-aminophenol (0-AP), melamine (M) and formaldehyde (F) in DMF media
at 132+2 °C for 110 sec. The synthesized terpolymer was purified and then characterized on the basis of spectral data generated
from FTIR, HINMR: C®®3NMR and SEM.

Keywords: microwave irradiation, structure, spectral analysis, 0-APMF.

INTODUCTION

The terpolymers offered novelty and versatility; hence they occupy the pivotal position in the field

of material science. The progress in the field of terpolymer has been extensively rapid, as they are useful in
packaging, adhesive, coating in electrical sensors and organometalic semiconductors. [1-3]. Polymer
additives improve manufacture process and product quality. It can form continuous phase of coating with no
deleterious effects on coatings, and having better thermal stability [4-6].
In recent years, microwave techniques have been mainly applied for domestic, industrial and research purposes.
Various synthetic reactions using microwave irradiation involve processes to prevent pollution and consume
minimum amounts of materials as well as energy while producing little or no waste material. More recently,
microwave-assisted organic synthesis, a new method, has been developed to obtain more efficient compounds in a
short reaction time period [12, 13]. This method has been applied for many inorganic, organic and polymer
syntheses. [14-18]. Various researchers have reported the application of microwave technology in terpolymer
synthesis [19,20]. Microwave irradiation has been applied in recent years for step-growth polymerizations and
ring-opening polymerizations as well as radical polymerizations [21].

In this article, we present the synthesis and characterization of terpolymer (o-APMF) derived
o-aminophenol, melamine using the linkage of formaldehyde. The newly synthesized terpolymer has been
characterized by elemental analysis and spectral methods.

MATERIAL AND METHODS:
SYNTHESIS OF o-APMF TERPOLYMER

0-APMF terpolymer was prepared from o-aminophenol (0.1 mol, 1.243 gm,) and melamine (0.1
mol, 1.26 gm,) with formaldehyde (11.1 ml of 37 %, 0.3mol) in the molar ratios of 1:1:3 in the presence of
DMF medium at 130 + 2°C for 110 Second using a microwave system. The resinous brown solid mass
obtained was immediately removed from the flash as soon as the reaction period was over and then it
purified. Excellent yield of terpolymer be obtained by this reaction.

The resinous brown product so obtained was repeatedly washed with cold distilled water, dried in air
and powdered with the help of mortar and pestle. The powdered sample was washed many times with
boiling water and methanol to remove unreacted monomers. It was further purified by dissolving in 8%
NaOH solution, filtered and reprecipitated by gradual drop wise addition of ice cold 1:1 (v/v) concentrated
HCI/distill water with constant and rapid stirring to avoid lump formation. The process of reprecipitation
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was repeated thrice. The resulting terpolymer sample was filtered, washed several time with boiling water,
dried in air, powdered and kept in vacuum over silica gel. The yield of the copolymer resin was found to be

NH 2
NH HoN N\ NH,
MW, 130 + 2 °C
n + n + 2N CH,0 -
N\'/N DMF, 113 sec

Aminophenol Melamine Formaldehyde

89%.

o -

——'/ \’7NH——CH2 I
=N
\'/ + 2n H,O

o - APMF Terpolymer

Fig. 1. Reaction and Suggested Structure of Representative o-APMF terpolymer

RESULTS AND DISCUSSION:

A) 'H NMR SPECTROSCOPY

The NMR specta of o-APMFwere scanned in DMSO and have been shown (Fig. 2). The NMR
spectral data are incorporated in (Table 1). All the o-APMF terpolymer show the weak multiplate signal
(unsymmetrical pattern) in the region of 6.55 - 6.75(8) ppm may be attributed to aromatic proton. The signal
appeared in the range of 7.74 to 7.80 (8) ppm can be assigned due to phenolic hydroxyl protons. The
position of the signal of phenolic hydroxyl proton is slightly shifted to downfield, indicating clearly the
intramolecular hydrogen bonding of -OH group [186-187]. The signal at 2.27 - 2.36 (3) ppm may be due to
methylene proton of Ar-CH2 moiety.The intense weakly multiplate signals at 2.14 - 2.16 (3) ppm may be
attributed to methyl proton of Ar-CHzs group. The signal at 3.26to 3.38 (&) ppm may be due to the methylene
proton of Ar-CH2-N moiety. The signal in the region 5.18-5.22 (8) ppm are attributed to protons of -NH

bridge.

T Tl T T b s T T 1o qopm

Chemical Shift & (ppm)

Fig. 2. 'H NMR Spectra of o-APMF Terpolymer
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Table-1 'H NMR Spectral Data of 0o-APMF Terpolymer

Observed Chemical Shift (6) ppm Expected
0-APMF- | 0-APMF- | 0-APMF- | 0-APMF- Nature of proton assigned chemical shift
[ 1 11 v (d) ppm
2.15 2.14 2.16 217 Methyl proton Ar-CHsgroup 2.00-3.00
2.27 2.29 2.31 2.36 Methylene proton of Ar-CH; 2.00 - 3.00
moiety
3.38 3.3 3.26 3.34 Methylenic proton of Ar- 3.00-3.50
CH2-N moiety
5.22 5.22 5.18 5.19 Proton of —NH bridge 5.00 - 8.00
Aromatic Proton
6.8 6.55 6.7 6.7 (Ar-H) 6.2-85
7.74 7.76 7.77 7.8 ol phenolic g 7.00 - 12.00
involved intramolecular
hydrogen bonding

B) *C NMR SPECTROSCOPY

A 3C NMR spectrum of o-APMF terpolmer is presented in Fig. 3. The 3C NMR spectra of o-APMF
terpolymer peak are assigned with reference to the literature value. The *C NMR spectra show the
corresponding peaks appeared at 118.64, 119.92, 128.93, 133.90 and 136.90 ppm may be corresponded to
carbons present in aromaticring of the benzophenone. The peak appeared at 164.77 ppm of may be
corresponding to carbonyl group of biuret moiety. The medium peak appeared at 116.55 ppm may be
confirmed the presence of —C-NH group of copolymer resin. The peak appeared at 80.48 ppm may be due to
the presence of —C-OH group in aromatic benzophenone group. The peaks appeared at 43.46 ppm may be
due to the —CH. — bridge in terpolymer. The 3C NMR spectrum clearly established the linear structure of

the terpolymer synthesized from o-aminophenol-melamine-formaldehyde.

200 190 180 170 180

150 140

130 120

110 100 20 so 70 60 so

Chemical Shift (ppm)

Fig. 3. *C NMR Spectra of 0-APMF Terpolymer

C) INFRA-RED SPECTROSCOPY

The recorded FTIR spectra of o-APMF terpolymer are shown in (Fig. 4) and important IR band
along with their assignments have appeared in the spectrum is tabulated in (Table 3). The FTIR spectra of
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terpolymer are found to be similar pattern of various bands at the characteristics frequencies, which are
described below.

The spectrum shows a very board absorption band appeared at 3331-3419cm™ may be due to the
stretching vibrations of phenolic hydroxyl (-OH) groups involved in intramolecular hydrogen bonding. A
peak at 1570-1700 cm™ may be ascribed to aromatic skeletal ring. The sharp, medium/ weak absorption
bands appeared at 946-949 cm™ and 1038-1040 cm™ may be due to 1,2,3,5 substitution of aromatic benzene
ring respectively. The sharp and strong band appeared at 3042-3094 cm™ indicates the presence of -NH
bridge or may be due to -CHjs stretching. The bands appeared at 1478 to 1482 cm™ may be due to -NH
bending of secondary amide and the band at 1354-1360 cm™ may be due to (-CH2-) bridge[22].

2

g3 8 5 s 5 8 53 3 83

91,

3
J

e

Table 3

Fig. 4. Infra Red Spectra of o-APMF Terpolymer

IR Frequencies of o-APMF Terpolymer

Observed band frequencies (cm™) Expected band
Assignment frequencies
0-APMF-1 | 0-APMF-II | 0-APMF-IIl | o-APMF -1V (cm-1)
-OH phenolic
3331 (b,st) 3381 (b,st) 3384 (b,st) 3382 (b,st) intermolecular hydrogen 3450-3200
bonding
2912 (w, m) | 2920 (w, m) | 2942 (w, m) 2940 (w, m) Aryl C-H stretching 3000-2910
3042 (b,st) 3066(b,st) 3086(b,st) 3094(b,st) >CHy, >NH, -CH3 ~3000
stretching
Aromatic ring
1653 (sh,b) | 1569 (sh,b) 1572 (sh,b) 1583 (sh,b) (substituted) 1700-1500
1482 (m) 1480 (m) 1478 (m) 1480 (m) -NH bending of 1500-1450
secondary amide
1354 (w) 1360 (w) 1357 (w) 1359 (w) -CH,- bridge 1390-1370
946 (w) 948 (w) 947 (w) 950(w) 1,2,3,5 substitution in ~950
1038 (m) 1039 (m) 1040 (m) 1039 (m) benzene ~1050

sh=sharp, b=broad, st= strong, m= medium, w=weak

JETIR1810835

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 370

40


http://www.jetir.org/

© 2018 JETIR October 2018, Volume 5, Issue 10 www.jetir.org (ISSN-2349-5162)

D. SCANNING ELECTRON MICROSCOPY (SEM)

(@) (b)

Fig. 5. SEM Micrographs of 0-APMF-1 Terpolymer

The scanning electron morphology of o-APMF terpolymer sample was investigated by different
magnification 2000X and 5000X, which are shown in Fig. 5 (a) and (b) respectively. The terpolymer
appeared to be dark drawn in color. The scanning electron morphology of o-APMF terpolymer shown
spherule and fringed model. The spherules are complex polycrystalline formation having as good as smooth
surface. This indicates the crystalline nature of o-APMF terpolymer. The morphology of terpolymer shows
also a fringes model of the crystalline amorphous structure. The extent of crystalline character depends on
the acidic nature of the monomer. But the photograph shows the fringed and scatted nature having shallow
pits represent the transition between crystalline and amorphous. The terpolmer exhibits more amorphous
characters with closed packed surface having deep pits, which is shown Fig.5. Due to the deep pits,
terpolmer exhibits higher exchange capacity for Pb (I1) ions (as well as other many metal ions). This could
be the reason of bigger nitrated Pd (1) ions, which can easily penetrate in to the deep pits. Thus by scanning
electron morphology of the o-APMF terpolmer shows the transition between crystalline and amorphous
nature. When compare to the other resin, the o-APMF terpolymer resin is more amorphous in nature, hence
shows higher metal ion exchange capacity.

REFERENCES:

[1] Claus M, 2001, Eur Pat EP 1, 254, 937.

[2] Beauvais R. A. , Alexandratos S. D., 1998, Polymer-supported reagents for the selective complexation
of metal ions: an overview, React Funct Polym. 36: 113-123.

[3] Patel S. A., Shah B. S., Patel R. M. , Patel P. M., 2004 Synthesis characterization and ion-exchange
properties of acrylic copolymers derived from 8-quinolinyl methacrylate. Iran polym J. 13: 445-453.

[4] d’Arlas B Fernandez, Rueda L., Stefani P. M. , Cabaa Kdela, Mondragona 1., 2007, Eceiza kinetic and
thermodynamic studies of the formation of a polyurethane based on 1,6-hexamethylene diisocynate and
poly (carbonate-co-ester) diol. Thermochimica Acta. 459: 94-103.

[5] Simionescu C. I, Liga A., 1977, Researches in the terpolymerization field. VIII. Theoretical structural
study of the high conversion acrylonitrile-methacrylic acid-methyl methacrylate conversion
acrylonitrile-methacrylic acid-methyl methacrylate terpolymer, Rev Roum Chim. 22: 49.

[6] Furukawa J., Iseda Y., Haga K., Kataoka N.,1970, New information, on the alternating copolmerization
of butadiene- 1,3- with acrylonitrile, J Polym Sci A-1. 8: 1147-1163.

[7] Rahangdale S. S., Gurnule W. B., Zade A. B., 2009, Synthesis and chelation ion-exchange properties of
2,4- dihydroxyacetophenone-biuret-formaldehyde terpolymer resin. Indian J Chem. 48A: 531-535.

JETIR1810835 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 371

41


http://www.jetir.org/

© 2018 JETIR October 2018, Volume 5, Issue 10 www.jetir.org (ISSN-2349-5162)

[8] Singru R. N., Zade A. B., Gurnule W. B., 2009, Thermoanalytical Study and Kinetics of New 8-
Hydroxyquinoline 5- sulphonic acid-Oxamide-Formaldehyde Terpolymer Resins. e-J Chem. 6(S1): 171-
182.

[9] Singru R. N., Zade A. B., Gurnule W. B.,2009, D.C. Electrical Conductivity and Activation Energy of p-
Cresol- Melamine-Formaldehyde Terpolymers. Int J Chem Sci.7 (3):1878-1884.

[10] Jadhao M., Paliwal L. J., and Bhave N. S., 2004, X1V National Symposium & Workshop Vadodhara,

India, Thermans , 250-253.
[11] Ogbonna O., Jimoh W.L., Awagu E.F., Bamishaiye E.I., 2011, Determination of some trace elements
in water samples within kano metropolis, Advances in Applied Science Research., 2(2), 62-68.
[12] Ahluwalia V. K. and Kidwai M., 2006, New Trends in Green Chemistry, Anamaya Publishers, New
Delhi, 2nd edn.
[13] V. K. Ahluwalia and R. Aggarwal, 2007, Organic Synthesis: Special Techniques, Narosa Publishing
House, New Delhi, 2nd edn.
[14] Nasir Baig R. B. and Verma R. S., 2012, Alternative energy input: mechanochemical, microwave and
ultrasound-assisted organic synthesis, Chem. Soc. Rev., 41, 1559-1584.
[15] Gising J., Odell L. R. and Larhed M., 2012, Microwave-assisted synthesis of small molecules targeting
the infectious diseases tuberculosis, HIV/AIDS, malaria and hepatitis C. Org. Biomol. Chem., 10, 2713-
2729.
[16] Sharma A., Appukkuttan P. and Eycken E. V., 2012, Microwave-assisted synthesis of medium-sized
heterocycles, Chem. Commun., 48, 1623-1937.

[17] Bagley M. C., Dwyer J. E., Beltran Molina M. D., Rand A. W., Rand H. L. and Tomkinson N. C.
0.,2015,
Microwave-assisted synthesis of 3-aminobenzo[b]thiophene scaffolds for the preparation of kinase
inhibitors Org. Biomol. Chem.,13, 6814-9824.

[18] Sharma K., Kaith B. S., Kumar V., Kumar V., Som S., Kalia S. and Swart H. C., 2013, Synthesis and
properties of poly (acrylamide-aniline)-grafted gum ghatti based nanospikes RSC Adv., 3, 25830-25839.

[19] Shah B. A., Shah A. V. and Navik A. J.,2012, Microwave-promoted M-PFR resin: Kinetics, isotherms
and sequestration of Cr(I11) and Pb(I1) from environmental samples, Iran. Polym. J., 21(9), 569-581.

[20] Kukade S. D., Naik R. R. and. Bawankar S. V., 2014, Green Synthesis and Characterization of

Thymol—guanidine—formaldehyde Terpolymer Resin, Orbital: Electron. J. Chem., 4, 6(4), 240-245.

[21] Azarudeen R. S., Riswan Ahmed M. A., Jeyakumar D. and Burkanudeen A. R., 2009, An eco-friendly
synthesis of a terpolymer resin: characterization and chela- tion ion-exchange property, Iran. Polym. J.,
18(10), 821-832.

[22] Gurnule W. B and Patle D. B., 2012,Electrical Conductance Studies of Novel Nanoporous o-
Aminophenol -melamine-formaldehyde Copolymer, Bionano Frontier, 5: 288-230.

[23] Kukade S. D., Naik R. R, and Bawankar S. V., 2014, Green Synthesis and Characterization of
Thymol—-guanidine—formaldehyde Terpolymer Resin Orbital: The Electronic Journal of Chemistry,6(4).

[24] Gupta A. N., Khaty N. T., Hiwase V. V. and Kalambe A. B., 2017, International Conference on Recent
Trends in Engineering Science and Technology, 5, 321 — 325.

[25] Srivastava S. C., Haque M. A., Paliwal L. J., 2017, 4-Hydroxy Acetophenone-Urea-Formaldehyde
Terpolymer: Properties and Applications as lon Exchanger, Materials Proceedings, 4, 5692-5699.

JETIR1810835 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 372

42


http://www.jetir.org/
http://pubs.rsc.org/en/content/articlelanding/2015/ob/c5ob00819k
http://pubs.rsc.org/en/content/articlelanding/2015/ob/c5ob00819k
http://www.orbital.ufms.br/index.php/Chemistry/article/view/601
http://www.orbital.ufms.br/index.php/Chemistry/article/view/601
https://www.sciencedirect.com/science/article/pii/S2214785317308040#!
https://www.sciencedirect.com/science/article/pii/S2214785317308040#!
https://www.sciencedirect.com/science/article/pii/S2214785317308040#!
https://www.sciencedirect.com/science/article/pii/S2214785317308040
https://www.sciencedirect.com/science/article/pii/S2214785317308040

( D!/ ¢ ' | ‘\ /
| b\ W
{ - I\ 0 4 \U'! \

ENIR

NATIONAL SYMPOSIUM ON
" INNOVATIVE MATERIALS & DEVICES

Bl 24 — 25 JUNE, 2019

Ongaucyed by

SANT GADGE BABA
AMRAVATI UNIVERSITY, AMRAVATI

DEPNRAMENT OF PHYSICS
SHRISHIV YIS CIENCEXCOL LEGE, AMRAVATI

NSIMD - 2019

IN COLLABORATION WITH
LUMINESCENCE SOCIETY OF INDIA &
INDIAN ASSOCIATION OF PHYSICS TEACHERS

| SCIENCE-SOCIETY-WORLD-SUSTAINABLE DEVELOPMENT

43



OTHERS

=

7Zinc Oxide thin films by spray pyrolysis method [P]

S.N. Title , First Author P.N.
ﬂﬁucm?, Morphology and Electrochemical Properties of SrTiO3 V. V. Deshmukh 58
perovskite for supercapacitor application [O]
Tc.ha{acterization of LiCoO; thin film cathodes for rechargeable N. R. Rathi 58
Lithium battery by spray pyrolysis technique [P] '
59. Superconducting to superinsulating transition.in Pb-nanocluster thin ~ Amol Nande 59
films [P] | , :
60. A dimensional development of optical nano microstrip antenna A. P. Bhat 60
towards aviation signalling mechanism [P]
"~ 61. Biophysics of skin and light [P] S. S. Arsad 60
62. Hybridisation of Solar Cell and Antenna for standalone application in _ 4.P. Bhat 61
Communication [P]
63. Synthesis, Characterization and Biological Evaluation of 3-0xo0-2- Anuja Mopari 62
hepta-O-benzoyl-B-D-maltosyl-4-Aryl-5-phenylimino-1,2,4-
thiadizolidines [hydrochloride] [P]
64. Anti-microbial Activity of Substituted Flavones [P] S. L. Sayre 62
65. Prospects and Concerns for Nanomedicine [P] Namrata Manglani 63
66. Comparative study of multiple step temporal phase shifting technique  R. M. Uikey 63
and fast Fourier transform method [P] ;
67. Probing agriculture products using laser speckle [P] S. V. Mahalle 64
68. Quality evaluation of paper using Electronic speckie pattern V. D. Wankhade 64
interferometer [P] : ]
69. Measurement of Thickness of Thin Film by ESPI Technique [P] N. B. Bhagat 65
70. Temporal phase shifted Electronic Speckle Pattern Interferometer S. N. Purbuj 65
using Standardized optical phase shifter [P] )
71, Effect of substrate thickness on the electro wetting phenomenon([P] R. S. Bhalerao 66
72. Biosynthesis of Silver Nanoparticles by using root extract of Ocimum N, A. Bansod 66
Sanctum (Tulsi plant) [P]
73, Structural and Antimicrobialactivity of Nanocrystalline Nickle Ferrite P. S. Thakare 67
by Sol-Gel Method [P] _ ;
74, Synthesis of Graphene Oxide (GO) and Reduced Graphene Oxide W. S. Barde 67
(RGO), its Characterization by X.RD, FTIR, UV-VIS Spectroscopy
and measurement of DC conductivity [P]
75.  Study of Acoustic Properties of Phenol Based Terpolymerin Amit Surjushe 68
DMSO[P]
76.  Improved and convenient green one pot synthesis of chiral M. A. Tazeenuddin 68
ethylphenidate hydrochloride [P]
0T Synthesis of Coumarinyl derivatives and their ultrasonic S. V. Rathod 69
Interferometric study [P]
78. Preparation, structural, optical and electrical properties of Al-doped  Nitin Gurude 69

44



National Symposium on Innovative Materials & Devices (NSIMD - 2019) P

Study of Acoustic Properties of Phenol Based Terpolymer in DMSO

AMIT M. SURJUSHE'", ARUN B. PATIL?
'Department of Chemistry, Smt. Vatasalabai Naik Mahila Mahavidyalaya, Pusad, (M S), f"d'ﬂ
JDepartrmenr of Chemistry, Phulsingh Naik Mahavidyalaya, Pusad, (M S), India.
Correspondmg author: amitsurjushe99@gmail.com

ABSTRACT
The experimental data of ultrasonic velocity, density, viscosity have been obtained for 0o-APUF terpolymer

/in DMSO, over the concentration range of (0.5 to 3.0) mol.Kg™. The derived parameters such as adiabatic

compressibility (Bs), free length (Lg), Relative Association (RA), Acoustic Impedance (Z) have been
calculated from viscosity, velocity and density measurements. The variations of these properties with

concentration give the information about solute-solvent interactions.

Keywords: Terpolymer, ultrasonic velocity, acoustic m:pedance, adnabatlc compresslbxhty, intermolecular

free length.
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ABSTRACT _

A novel one pot green process have been developed for the synthems of dexcthylphemdate hydrochloride
via esterification of d-threo-2-phenyl-2- (plpendm-Z-yl) —acetamide using sulphunc acid as catalyst. The
present method offers signiﬁctipt advantages over the earlier répoﬂe;l methods like direct conversion of
amide to ester, simple work-up procedure, less time and excellent yield with pharmacopeia grade purity of
desired products. Moreover, here we have avoided highly hazardous and cancer causing carcinogenic
chemicals (gcnotoxic‘impuﬁtiles‘ consideration).The ‘structure confirmation is made by elemental analysis
and spectral data. Bt e LN =S -

ethyl (2R)-phenyl[(2R)-pliperidin-2-yljethancate
Keywords: Esterification, Green chemistry, Elemental analysis, spectral data; -
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Abstract: The experimental data of ultrasonic velocity, density, viscosity have been obtained for
0-APUF terpolymer in DMSO, over the concentration range of (0.5 to 3.0) mol.Kg™. The derived
parameters such as adiabatic compressibility (Bs), free length (Lf), Relative Association (RA),
Acoustic Impedance (Z) have been calculated from viscosity, velocity and density measurements.
The variations of these properties with concentration give the information about solute-solvent
interactions.

Key words: Terpolymer, ultrasonic velocity, acoustic impedance, adiabatic compressibility,
intermolecular free length.

Introduction:

Ultrasonic is a branch of science, which deals with waves of high frequencies. The study of
intermolecular interaction plays an important role in the development of molecular sciences. In recent
years Ultrasonic method has become a powerful tool in providing information regarding the physico-
chemical properties of liquid system.**1 A large number of studies have been made on the molecular
interaction in liquid systems by various physical methods like Infrared, ¢ Raman effect, "® Nuclear
Magnetic resonance, Dielectric constant,’® ultra violet!” and ultrasonic method. 112 |n the present
investigation, free intermolecular length, acoustic impedance, adiabatic compressibility, relaxation
time of terpolymer derived from o-Aminophenol (0-AP), Urea (U) and Formaldehyde (F) in DMF
media has been evaluated in DMSO at 310.15 K different concentration using experimentally

determined values of ultrasonic velocity, viscosity and density.

Materials & Methods:
The solutes used in the present investigation were synthesized by standard methods.**! The solvent
DMSO used was of analytical grade. It was obtained from E. Merck Chemical Company. Solvent

was used after purification by distillation. A thoroughly cleaned and dried Ostwald viscometer filled
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with the experimental liquid was placed vertically in a glass-fronted, well-stirred water bath. Once
the thermal equilibrium was attained, the flow times of the liquid were recorded with an accurate
stopwatch (+0.01s). The viscosities were calibrated with double distilled water and with DMSO. Care
was taken to reduce evaporation during the measurements. The present value for the liquids agrees
with the literature value within a deviation of +0.01 Poise. Ultrasonic velocity measurements were
made by variable path single crystal interferometer (Mittal Enterprises, Model F-81) at 2MHz with
the accuracy of +0.03 %. Ultrasonic and thermodynamic parameters have been measured at

310.15 K.

Theory and Formulae:

The ultrasonic velocity (Us), density (d) and viscosity (ns) in terpolymer resin of various
concentrations have been measured at 310.15 K. Acoustical parameters such as adiabatic
compressibility (Bs), free length (Lf), acoustic impedance (Z), relaxation time (t), were determined

using the observed values of velocity, density & viscosity using the standard relations given below.

1) Adiabatic compressibility (ps) has been calculated from the ultrasonic velocity (Us) and the

density (d) of the medium using the equation as:

Bs=1/2Usd
2) Intermolecular free length (Lf) has been determined as:
Lf=K xVps

Where K — is a Jacobson’s constant.

3) Relaxation time (t) has been calculated from the adiabatic compressibility (Ba) and viscosity
of the liquid (n) as:
T=4/3 Bs 1

4) Acoustic impedance (Zs) The specific acoustic impedance is related to density and ultrasonic
velocity by the relation.
Zs=Usxd
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Results & Discussion:

Table 1: Values of Density (d), Velocity (Us), Viscosity (ns), Adiabatic Compressibility (Bs), Specific Acoustic
Impedance (Zs), Intermolecular Free Length (L), Relaxation time (z): at 310.15 K in DMSO.

Table—I
Sr. | Conc. d Us s PBs Zs Lf T
No | (C) (kgm) (ms?) (X10°m?2N?) (kgm3s™) (10 | (10%ec)
1 3.0 1.286 1586.43 1.334 5.108 2039.6 1.498 9.085
2 2.5 1.271 1542.32 1.286 5.342 1959.8 1.532 9.161
3 2.0 1.242 1489.21 1.248 5.600 1849.5 1.569 9.320
4 15 1.227 1446.14 1.205 5.867 1774.3 1.606 9.423
5 1.0 1.198 1393.51 1.150 6.170 1669.7 1.647 9.465
6 0.5 1.174 1348.89 1.108 6.452 1583.5 1.684 9.532
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The ultrasonic velocity, ‘U’ depends on the wavelength ‘A’ of the sound wave. Since the frequency (2
MHz) is constant, A increases with the increase in the concentration as depicted in Table—I. the
ultrasonic velocity in medium depends inversely on density and adiabatic compressibility of the
medium. For the terpolymer, data reveals increase in ultrasonic velocity (U) increases with increase
in the concentration of solute. This suggests presence of solute-solvent interactions.[**17l The increase
suggests a structure-making capacity of polymers in solution. Moreover, the increase in ultrasonic
velocity indicates the possibility of H-bond formation between solute and solvent. There is also an
indication of greater association among the molecules.

As density and viscosity of any solution or solvent are directly related to each other, the measured
values show similar trend. From the computed data given in Table-I, for the terpolymer viscosity
increases with concentration of solute. This may be due to the formation of cage like structure during
solute-solvent interactions. Again the increase suggests the H-bond forming tendency of the solute.
The solutes are of structure-maker type. The terpolymer contains two bulky rings therefore viscosity
is high and it increases with the concentration.

From the Table-I it can be seen that for the terpolymer, adiabatic compressibility decreases with
increase in concentration of solute. This may be due to the aggregation of solvent molecules around
the ions supporting solute-solvent interaction. The results are in accordance with the findings of
earlier authors.[*®1° As concentration increases, a larger portion of the solvent molecules are electro
restricted and the amount of bulk solvent decreases causing the compressibility to decrease. Decrease
in adiabatic compressibility indicates the formation of large number of tightly bound systems.

The variation of RA values with increase in concentration is shown in Table—I.

It depicts that relative association (RA) increases with increase in concentration. This increase
indicates salvation of solute molecules. A similar increase in the value of RA has been found in case
of sucrose solution by Syal 2%

As concentration increases, number of ions or particles increase in a given volume leading to
decrease in the gap (intermolecular free length) between two species. Also, the decreased
compressibility brings the molecules to a closer packing resulting in decrease in intermolecular free
length. Similar type of trend was also observed by Vasantharans.?”) Again for the terpolymer
decrease in the intermolecular free length with the increase in ultrasonic velocity has been observed.

The variation of intermolecular free length with concentration is shown in Table—I.
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Acoustic impedance is the product of ultrasonic velocity and density. As density and velocity both
increase with increase in concentration for the Zs value also increases as shown in Table—I which
indicates the interaction between the solute and solvent molecules. A similar type of behavior has
been obtained for tetra-alkylammonium and alkali metal salts in methanol-chlorobenzene mixtures by
Syal.l2%
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Abstract

The University Grant Commission (UGC) established National Assessment and Accreditation
Council (NAAC). The key agenda NAAC as included in its abbreviation i.e to assess and accredit
the institutions of higher education. The prime aim of NAAC has been to aid HEIs in improving
the quality of higher education. Quality in higher education during these days has become a
matter of utmost importance and concern. NAAC proposed that every accredited institution
should have Internal Quality Assurance Cell (IQAC) as a post-accreditation quality sustenance
measure. IQAC in the institute or college is significant administrative body which is responsible
for all quality matters. The establishment IQAC has proven significant in creating a positive
change in the overall performance of HEIs. IQAC has become an efficient instrument to ensure
and to create a quality culture at the institutional level. Since quality enhancement is a
continuous process IQAC helps institution to achieve academic excellence. The present paper is
an attempt to analyze the functions and role of IQAC in HEIs in terms of quality assurance and
quality enhancement.

Key words: NAAC, IQAC, Quiality, HEIs, Function, Role

Introduction

Since independence there has been remarkable expansion in the number of HEIs in India. The
traditional courses (in the faculty of Arts, Commerce and Science) offered with little efforts to
better the qualitative part. As the globalisation began to blow its trumpet in education sector too
during nineties, the governments of India seriously consider bringing metamorphosis in its
conventional higher education system. Accordingly, National Assessment and Accreditation
Council (NAAC), an autonomous institution of UGC come into existence at Bangalore on
September, 1994. The task of evaluation, assessment and accreditation of colleges and
universities is being done by NAAC. NAAC proposed every Higher Education Institute to
establish an Internal Quality Assurance Cell (IQAC) after completion of first cycle of
accreditation of several colleges and universities in order to monitor the sustenance and enhance
the quality of education

Quiality is backbone of any education system be it primary, secondary of higher education. As it
is said by Foster that “quality is never an accident”, quality requires persistent pursuance, high
intention, sincere efforts, planning and sincere execution. The quality of any nation gets reflected
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in its citizen and the quality of citizens in turn depends on education system of the nation. The
education system of the nation is eventually determined on the quality of teachers. The quality in
higher education is the most essential aspect as India advancing towards becoming an
educational hub. Therefore maintaining the momentum of quality realization is of vital
importance. IQAC is in fact regarded as body that ensures to retain the impetus created by the
accreditation at the institutional level. The very establishment of IQAC has been the step towards
internalization and institutionalization of quality culture.

Formation of IQAC

IQAC formation has to be done after the guidelines laid down by NAAC with some essential
amendments. The vice principals from both wings (where senior college is attached to junior
college), Registrar, office superintendent are to be included as administrative officers in IQAC.
The teacher representatives from different faculties are to be selected after the consideration of
their participation in evaluation, teaching leaning process, research and extension work etc The
positive, quality conscious, highly qualified and enthusiastic members of governing council
should be requested to offer their contribution. Similarly, the local people from learned,
qualified, social workers of repute may be selected in IQAC of the institution. The NAAC co-
coordinator will act as co-coordinator of IQAC. The IQAC coordinator should be full time
teacher having experience of more than five years and whose position should be non-
transferable.

The objective/aim of IQAC

The aim of IQAC should be

» To develop a system for conscious, consistent and catalytic action to improve the
academic and administrative performance of the institution.

» To promote measures for institutional functioning towards quality enhancement
through internalization of quality culture and institutionalization of best practices

Strategies
IQAC shall evolve mechanisms and procedures for

a) Ensuring timely, efficient and progressive performance of academic, administrative and
financial tasks;

b) The relevance and quality of academic and research programmes;

¢) Equitable access to and affordability of academic programmes for various sections of society;
d) Optimization and integration of modern methods of teaching and learning;

e) The credibility of evaluation procedures;
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f) Ensuring the adequacy, maintenance and proper allocation of support structure and services;
g) Sharing of research findings and networking with other institutions in India and abroad.

Functions Expected of the IQAC

a) Development and application of quality benchmarks/parameters for various academic and
administrative activities of the institution;

b) Facilitating the creation of a learner-centric environment conducive to quality education and
faculty maturation to adopt the required knowledge and technology for participatory
teaching and learning process;

c) Arrangement for feedback response from students, parents and other stakeholders on quality-
related institutional processes;

d) Dissemination of information on various quality parameters of higher education;

e) Organization of inter and intra institutional workshops, seminars on quality related themes and
promotion of quality circles;

f) Documentation of the various programmes/activities leading to quality improvement;

g) Acting as a nodal agency of the Institution for coordinating quality-related activities, including
adoption and dissemination of best practices;

h) Development and maintenance of institutional database through MIS for the purpose of
maintaining /enhancing the institutional quality;

i) Development of Quality Culture in the institution;

J) Preparation of the Annual Quality Assurance Report (AQAR) as per guidelines and parameters
of NAAC, to be submitted to NAAC.

(Revised Guidelines of NAAC, 2013, p.3-4)

Benefits of IQAC

a) Ensure heightened level of clarity and focus in institutional functioning towards quality
enhancement .

b) Ensure internalization of the quality culture;

c) Ensure enhancement and integration among the various activities of the institution and
institutionalize good practices;

d) Provide a sound basis for decision-making to improve institutional functioning;

e) Act as a dynamic system for quality changes in the HEIs;

f) Build an organized methodology of documentation and internal communication.

Role of IQAC Coordinator
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The role of IQAC coordinator is crucial. For, he/she has to ensure the effective functioning
and participation of all members. He /she has a major role in implementing the above
mentioned functions.

Role of IQAC in Ensuring Quality enhancement of Higher Education

The primary responsibility of higher education is the quality. Undoubtedly the government has
this exclusive responsibility viz quality assurance in majority of the nations, it is the very
institute itself is responsible for providing and guarantying quality. IQAC at HEIs is mechanism
of resources and information devoted to retaining and advancing the quality as well as standards
of HEIs. Hence if the quality is sought after, there is need to have structured and organized
quality assurance machinery to monitor and evaluate quality. IQAC performs the various tasks in
HEIs. It sets up documentation in motion. It brings awareness among faculties and generate
confidence. It evolves formats for the information and data of the institutions and designs
stipulated schedule for the work as well as drafts the quality status report.

Areas for Qualitative Improvement

It is desirable that the HEIs should pay attention to the following aspects in order to improve
performance in regard to criteria identified by NAAC.

First and foremost, for the quality enhancement of education the HEIs must establish dynamic
IQAC comprising dynamic academicians. The members should be committed, well-versed in
handling the human as well as physical resources in the institution. There should have effective
and healthy communication among the principal, management and the rest of the staff members.
IQAC should study the NAAC methodology of accreditation and set its target, annual as well as
for five years and monitor activities in the institute till the forthcoming accreditation.

IQAC of an institute should encourage the faculty members to take initiative in designing/
revising curriculum of the university. There should be participation of teachers in the activities of
Board of Studies, concrete say in revision of syllabi along with record thereof.

It should encourage various departments in the college/ institute to start need based certification
and diploma courses. It will be beneficial in filling up the gaps in the university curricula and
developing employment potential as well as personality of students. In the same way IQAC
should strengthen UGC sponsored add on courses such as Remedial Coaching, NET / SET
coaching for the students. There should be career counselling cell. These cells motivate student
to cater their diverse needs. The teachers running these cells should have positive, dynamic
approach and missionary zeal. IQAC shall also involve other stake-holders like alumni and
parent teacher association members, management, and industrial officials.
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Importantly, the admission process of the college should be such that the student should feel-at-
home. The college should have student enrolment profile developed annually.“The profile report
should indicate the socio economic and geographic status of the students enrolled for its various
academic, professional, certification, add on and other courses”( Hereker). IQAC should devise
the departments to identify and shortlist the scholar students in various subjects and streams to
shape their career through proving them with required resources as books, counselling, special
coaching, and training etc.

IQAC should facilitate the student as well as faculty members the use of ICT and modern
methods of teaching. It should develop e-learning resources and organize orientation, workshops
for upgrading their technological skills. It should encourage teachers to prepare their
presentations and notes and display them on college websites.

IQAC should design its own continuous internal evaluation system at the college level. It should
consist of test, unit tests, individual and group assignments, PPT competitions, online tests etc
and as the quality is decisive factor in the qualitative improvement in the education system the
IQAC should ensure that the teachers from the various departments are deputized for research
fellowships, orientations/refresher courses, seminars and conferences, and alike programmes and
should encourage the departments to organise seminar, conferences and workshops etc. in the
institution.

The 1QAC should not only promote the research activities, providing departmental targets
regarding major and minor research projects, research papers and publications to be done every
year it should also have periodic follow up of the progress of the same.

The principal and IQAC should design short term and long term plan for development of
infrastructure in consultation with college management. They should prepare a mechanism to
realize those plans through assistance of UGC, government and other agencies and it should also
exploit own financial resource.

There should be a strong and efficient feedback system. The constructive feedbacks from all
stakeholders aids in increasing efficiency. The corrective measures are to be adopted soon after
the feedback in order to improve efficiency of particular segment. The IQAC must cultivate the
practice of maintaining appropriate records of every activity as expected by NAAC for
assessment and accreditation.

Conclusion
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There is a good prospect for Higher Education in India since world’s largest population of young
people is in the age group of 15 to 24 years (18% of all Indians). The role of IQAC for the
quality enhancement in higher education is crucial and instrumental in about some positive
change in the administration of the college/institute. IQAC functions for enhancement and
retaining the quality. The duo, quality and excellence result out of team work and commitment.
The leaders i.e. the principals and coordinators of IQAC should work on the guidelines of NAAC
for proper realization of the role of IQAC and its accountability. Quality assurance is essential
for improving institutional efficiency and also increasing public accountability.
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ABSTRACT

Due to the vast pharmacological activity of Coumarins derivatives the viscosity, ultrasonic velocity and
density of 7-hydroxy-4-phenyl-2H-chromed-2-one has been measured in 70:30 (v/v) Acetone-water, 70:30
(v/v) NNDMF-water and 70:30 (v/v) DMSO-water with different concentration of 7-hydroxy-4-phenyl-2H-
chromene-2-one at temperature 308.15K.To know the various interaction with the various Thermo acoustical
parameters internal pressure, Gibb’s free energy was calculated from experimental data of ultrasonic velocity,
viscosity, and densities. The changes in values of this parameter with the change concentration of solute
represent the different types of interaction like solute-solvent interaction, solvent-solvent, and dipole-dipole

interactions present in the solutions.

Keyword:- 7-hydroxy-4-phenyl-2H-chromen-2-one, Acetone, DMF, DMSO, internal pressure, Gibb’s free

energy.

I. INTRODUCTION

Coumarins and chromones are ubiquitous and have relevant pharmacological activities such as anti-

inflammatory, antioxidant, cardio protective, and antimicrobial properties'2. The majority of the large numbers

of drugs being introduced in pharmacopeias every year are heterocyclic compounds.

=

o 0 OH
7-hydroxy-4-phenyl-2H-chromen-2-one
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The knowledge of viscosities, densities, ultrasonic velocities, and various acoustical parameters are useful for
the studies of thermo acoustical properties of a system. The study of molecular interaction in liquid shows
valuable information regarding the internal structure, molecular association, complex formation, internal
pressure. The studies of the solution properties of a liquid solution of polar and non-polar components have
great applications in industrial and technological process®. The literature survey +7 reveals the many researchers
who give attention to the study of ultrasonic velocity measurement and the study of acoustical properties. Due
to these vast applications of 7-hydroxy-4-phenyl-2H-chromen-2-one make our interest in an investigation of
its acoustical parameters. The measured values of ultrasonic velocity, internal pressure, Gibb’s free energy gives
idea regarding types of interaction present in the 7-hydroxy-4-phenyl-2H-chromen-2-one -70:30 (v/v) Acetone
—water,7-hydroxy-4-phenyl-2H-chromen-2-one-70:30 (v/v) NNDMF-water and 7-hydroxy-4-phenyl-2H-
chromen-2-one -70:30 (v/v) DMSO-water solutions.

II. MATERIALS AND METHODS

The compound 7-hydroxy-4-phenyl-2H-chromen-2-one synthesize by known method®. The densities of
Ethanol, Acetone, DMF, and 8,10-dinitro-7H-benzo[c] carbazole solution were measured by using a specific
gravity bottle, and the viscosity was measured using Ostwald’s viscometer. The ultrasonic velocities of pure
components and their mixture were measured by ultrasonic interferometer (Mittal enterprises, model F-81s) at
2 MHz having accuracy +1 ms-1 in velocity.

Theory:-

Given acoustical parameters are calculated by using various equations.

Ultrasonic velocity (u)

Where, u-ultrasonic velocity, A-wavelength.
Internal pressure (I1i)
(ITi) = bRT (kn/U) 2 (p23/M76) ..o, (2)
Where, b is the cubic packing factor which is assumed to be 2 in liquid systems. K = 4.28 x 109 and is
independent to the nature of liquid. R is gas constant. 7 is the viscosity and p is the density of solution, M-
molecular weight (M is the molar mass of the solute) of solute.
Gibb’s free energy (AG)
(AG)=R.T.Ln (KTt/h) .....cceviriiiiiiiiiiiiiiiiiiee 3)
Where, k = 1.23x102 , h = 6.626x103* , R is the gas constant, T is the absolute temperature & (7) is the

Relaxation time.

III. RESULTS AND DISCUSSION

The experimentally determined values of density(p) and ultrasonic velocities (u) and viscosity (n) for 7-
hydroxy-4-phenyl-2H-chromen-2-one- 70% Acetone, 7-hydroxy-4-phenyl-2H-chromen-2-one-70%NNDMF
and 7-hydroxy-4-phenyl-2H-chromen-2-one-70% DMSO solutions measured at 318.5K are given in Table 1.At
a constant temperature From fig.1 it is observed that increase in the concentration of 7-hydroxy-4-phenyl-2H-
chromen-2-one with an increase ultrasonic velocity (u), also fig 2 and 3 indicates an increase of density and

viscosity an increase in the concentration of solute at a constant temperature. An increase in concentration
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allows for a closer approach of solvent and solute molecules and a stronger association between solute and
solvent molecules. This leads to a decrease in the volume and an increase in the density of the solution®. The
increased values of viscosity and ultrasonic velocity indicate molecular association in the experimental systems,
which are possible due to the presence of hydroxyl group solute structure notably; velocities of lower value are
less molecular interaction. It may be due to breaking of molecular clusters, presence of dipole-dipole
interaction, solute-solvent interactions, solvent- solvent interactions, and presence of hydrogen bonding
between the solute molecule and water molecule solvents.

The internal pressure (mi) is the cohesive force, which is a result of the strength of attraction and force of
repulsion between solute and solvent molecules of the solution. It is evident from fig 4 and Table-which
internal pressure values increase with the increase of solute concentration for all the experimental systems.
Further mi with attentiveness indicates an increase in intermolecular interactions due to the forming of
aggregates of solvent molecules around the solute, which affects the structural arrangement of the solution
system. Indicated may also accredit to the presence of solute-solvent interactions and hydrogen bonding!.
Gibb’s free energy (AG) decreases with an increase in the concentration of solute and a decrease at high
temperatures [fig-5].decline of Gibb’s free energy indicates the need for a longer time for the co-operative
process to take place or for the rearrangement of molecules in the mixture. Stipulate the restricted flow of the

ternary mixture compared with the behavior of pure components.
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Figurel. Ultrasonic velocity (u) plotted against
of 7-hydroxy-4-phenyl-2H-

Figure 2. Density (p) plotted against

concentration concentration of 7-hydroxy-4-phenyl-2H-

chromen-2one -70% Acetone (m),7-hydroxy-4-
phenyl-2H-chromen-2one — 70%NNDMF (A)
and 7-hydroxy-4-phenyl-2H-chromen-2one —
DMSO (x), at 308.15K.

chromen-2one-70% Acetone (m),7-hydroxy-4-
phenyl-2H-chromen-2one — 70%NNDMF (A)
and 7-hydroxy-4-phenyl-2H-chromen-2one —
DMSO (x), at 308.15K.
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Figure 3. Viscosity (y) plotted against concentration of 7-hydroxy-4-phenyl-2H-chromen-2one -70%
Acetone (m),7-hydroxy-4-phenyl-2H-chromen-2one — 70% DMF (A) and 7-hydroxy-4-phenyl-2H-

chromen-2one -DMSO (x),at 308.15K.
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Table 1. Experimental values of ultrasonic velocity, density and viscosity of 7-hydroxy-4-phenyl-2H-chromen-
2one -70% Acetone, 7-hydroxy-4-phenyl-2H-chromen-2one — 70% DMF and 7-hydroxy-4-phenyl-2H-
chromen-2one -DMSO solutions at temperatures 308.15K.

0 1590.1 | 1456.2 1464.5 0.801 | 0.954 1.048 1.185 | 1.643 1.822
0.01 | 1596.9 | 1462.3 1472.2 0.802 | 0.962 1.055 1.311 | 1.658 1.841
0.02 | 1598.3 | 1483.7 1476.9 0.816 | 0.976 1.059 1.352 | 1.678 1.852
0.03 | 1604.4 | 1515.6 1484.3 0.818 | 0.989 1.073 1.417 | 1.695 1.867
0.04 | 1610.5 | 1563.1 1498.6 0.824 | 0.998 1.094 1.483 | 1.724 1.876
0.05 | 1618.6 | 1596.9 1512.1 0.836 | 1.017 1.122 1.523 | 1.738 1.882
0.06 | 1630.1 | 1627.2 1528.5 0.859 | 1.032 1.145 1.585 | 1.756 1.896
0.07 | 1642.7 | 1652.8 1536.7 0.868 | 1.048 1.157 1.603 | 1.764 1.907
0.08 | 1658.3 | 1698.4 1548.6 0.898 | 1.067 1.168 1.762 | 1.789 1.923
0.09 | 1672.1 | 1736.8 1566.4 0.904 | 1.087 1.182 1.819 | 1.802 1.945
0.1 |1684.6 | 1784.3 1592.8 0.909 | 1.105 1.191 1.898 | 1.835 1.961

Table 2. Gibb’s free energy(AG), internal pressure (mi) of 7-hydroxy-4-phenyl-2H-chromen-2one -70%
Acetone ,7-hydroxy-4-phenyl-2H-chromen-2one — 70%NNDMF and 7-hydroxy-4-phenyl-2H-chromen-2one

—DMSO solutions at different concentration(c) and at temperature 308.15K.

0 133.075 183.979 205.683 0.125 0.1258 0.1258
0.01 | 139.789 185.461 207.128 0.1249 | 0.1257 0.1257
0.02 | 143.542 187.018 207.939 0.1248 | 0.1256 0.1257
0.03 | 146.912 187.622 210.09 0.1247 | 0.1254 0.1256
0.04 | 150.742 187.452 212.314 0.1244 | 0.1252 0.1255
0.05 | 153.855 188.565 215.299 0.1243 | 0.1249 0.1253
0.06 | 159.256 189.608 217.863 0.1243 | 0.1248 0.1252
0.07 | 160.655 190.506 219.431 0.1241 0.1246 0.1251
0.08 | 171.481 191.538 220.89 0.1239 | 0.1243 0.125

0.09 |174.284 192.464 222.646 0.1238 | 0.1241 0.1249
0.1 178.02 193.725 222.823 0.1234 | 0.1239 0.1248

(Uncertainties in isnotropic internal pressure 1x10-¢ Pa, Gibb’s free energy 0.01 x 10-2° k.J.mol™").
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Figure 4 Internal pressure (JIi) plotted against
concentration of 7-hydroxy-4-phenyl-2H-
chromen-2one -70% Acetone (m),7-hydroxy-4-
phenyl-2H-chromen-2one — 70%NNDMF (A)
and 7-hydroxy-4-phenyl-2H-chromen-2one —
DMSO (x), at 308.15K

Figure 5 Gibb’s free energy (AG) plotted
against concentration of 7-hydroxy-4-phenyl-
2H-chromen-2one -70% Acetone (m),7-
hydroxy-4-phenyl-2H-chromen-2one -
70%NNDMF (A) and 7-hydroxy-4-phenyl-

2H-chromen-2one -70%DMSO  (x), at
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IV. CONCLUSION

In the present article, the densities, ultrasonic velocities, viscosity, and thermodynamical parameters at
temperatures, 308.15K over the entire range of composition of 7-hydroxy-4-phenyl-2H-chromen-2one in 70%
Acetone, 70%NNDMF and 70% DMSO has been scope. From these measured physical property data, internal
pressure, Gibb’s free energy intend and used to found the solute-solvent, solvent-solvent interaction, and
hydrogen bonding. From the above investigation, it is the effect that 7-hydroxy 4-phenyl-2H-chromen-2one
shows absorbing interactive behavior with solvents like Acetone, DMF, and DMSO.
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Abstract. Ultrasonic velocity, density, and viscosity measurements for o-APUF
(o-aminophenol, urea and formaldehyde) terpolymer in DMSO were collected throughout a
concentration range of (0.5 to 3.0) mol.Kg™. From viscosity, velocity, and density
measurements, derived metrics such as adiabatic compressibility (s), free length (Lf), Relative
Association (RA), and Acoustic Impedance (Z) were determined. The knowledge concerning
solute-solvent interactions comes from the fluctuations of these properties with concentration.

Key words: Terpolymer, ultrasonic velocity, acoustic impedance, adiabatic compressibility.

1. Introduction:

Ultrasonic is a branch of science that studies high-frequency waves, intramolecular
interaction. Intermolecular interaction research is critical for the advancement of molecular sciences.
In recent years, the ultrasonic method has shown to be a useful instrument for determining the
physico-chemical properties of liquid systems.!**! Molecular interaction could be studied by numerous
physical approaches including infrared,’>® Raman effect, Nuclear Magnetic Resonance, Dielectric
constant,® ultra violet™, and ultrasonic method. In this study molecule interaction in liquid systems
by Ultra sonic studies for pre synthesized [*?! terpolymer is described here. Free intermolecular length,
acoustic impedance, adiabatic compressibility, and relaxation time of terpolymer derived from
o-Aminophenol (0-AP), Urea (U), and Formaldehyde (F) in DMF media ™*have been evaluated in
DMSO at 310.15 K using experimentally determined values of ultrasonic velocity, viscosity, and
density in DMF media also studied.

2. Materials & Methods:

2.1 Material: O-aminophenol (Spectrochem.), urea (Spectrochem), formaldehyde (Solution in water ),
Analytical grade Dimtheylformamide (DMF) and DMSO the E. Merck Chemical Company.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1
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2.2 Method : Synthesis of 0-APUF (o-aminophenol urea formaldehyde) Terpolymer

The o-aminophenol (0.1mol,1.091g) with urea (0.1 mol, 0.70 g) and formaldehyde (7.50 ml of
37 %, 0.2 mol) was taken and mixed in a proportion of 1:1:2 in DMF (130 °C) + 2°C for and reaction
mixture was treatment for 110 Second using a microwave system. After which, the brown solid mass
obtained was immediately filtered from solution. Further no purification required for product. The
resinous brown product so obtained was repeatedly washed with cold distilled water, dried in air and
using vaccum desiccators and crushed as a powdered with the help of mortar and pestle. Unreacted
monomer was removed from product by washing with many times with boiling water and ethanol. The
product was isolated and purified by following literature procedure. It was necessary to wash resulting
terpolymer sample with several time with boiling water. The product was dried in air under vacuum,
powdered using motel pestle and kept in vacuum over silica gel. The experimental yield was found
88%. On the basic of studies of different characterization we have confirmed that the synthesized
terpolymer is 0o-APUF .12

NH,
OH DMF
n . NHN—C—NH _  snhcHO
130 + 2 O, 110 Sec
o-Aminophenol Urea Formaldehyde

NH,

OH

chy”

2

HN— ﬁ—NH\ + 2n H,0
s CH3

0-APUF
Scheme-1 : Synthesis scheme for (0-aminophenol urea formaldehyde) terpolymer using Urea
formaldehyde and o-aminophenol
In above work the solutes used in this work were synthesized using standard procedures.
Analytical grade DMF and DMSO were used as solvents. It was provided by the E. Merck Chemical
Company. All solvents purified by distillation, after distillation, used for study. Double distilled water
was used for the various percentages of DMF-water system. In an Ostwald viscometer that had been
well cleaned and dried, the experimental liquid was placed vertically in a glass fronted, well-stirred
water bath. Once thermal equilibrium was reached, the flow timings of the liquid were recorded using
an accurate stopwatch (+0.01s). The viscosities were calibrated using DMF and double distilled water.
2.3 The Ultrasonic Detail
Every attempt was made to limit evaporation to a minimum during the measurements. The
current liquids value corresponds to the known value within a margin of +0.01poise. The ultrasonic
velocity was measured with an accuracy of +0.03 percent using a variable path single crystal
interferometer (Mittal Enterprises, Model F-81) at 2MHz. The terpolymer of o-aminophenol,
melamine, and formaldehyde was measured ultrasonically and thermodynamically at 310.15 K.

[15]

3. Results & Discussion:

Table I: Ultrasonic data for o-APUF terpolymer
Values of Density (d), Velocity (Us), Viscosity (ns), Adiabatic Compressibility (s), Specific Acoustic
Impedance (Zs), Intermolecular Free Length (L), Relaxation time (z): at 310.15 K in DMSO.
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Detail about ultrasonic data for o-APUF terpolymer has been shown in Table-I.

Table—I
Sr. Conc. d Us s PBs Zs Lf T
No ©) | (kgm?) | (ms? (X10°m?N?Y) | (kgm?Zs?) | (107%) gols(lc)
1 3 1.286 1586.43 1.334 5.108 2039.6 1.498 9.085
2 2.5 1.271 1542.32 1.286 5.342 1959.8 1.532 9.161
3 2 1.242 1489.21 1.248 5.6 1849.5 1.569 9.32
4 1.5 1.227 1446.14 1.205 5.867 1774.3 1.606 9.423
5 1 1.198 1393.51 1.15 6.17 1669.7 1.647 9.465
6 0.5 1.174 1348.89 1.108 6.452 1583.5 1.684 9.532

Graphs for o-APUF terpolymer properties measurement all result shown below in Fig. 1 to Fig. 7.
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The wavelength of the sound wave determines the ultrasonic velocity, 'U." Because the
frequency (2 MHz) remains constant, increases as the concentration rises, as shown in Table I. The
ultrasonic velocity in a medium is inversely proportional to its density and adiabatic compressibility.
The ultrasonic velocity (U) of the 0-APUF terpolymer increases as the concentration of solute
increases, according to the data. This indicates that there are interactions between the solute and the
solvent.™®1 The increase shows that polymers in solution have the ability to form structures.
Furthermore, a rise in ultrasonic velocity suggests the creation of H-bonds between the solute and the
solvent. There's also evidence of a stronger bond between the molecules.

Because the density and viscosity of any solution or solvent are proportional, the measured
values follow a similar pattern. According to the computed data in Table-1, the 0-APUF terpolymer
viscosity increases as the solute concentration increases. This could be because of the creation of a
cage-like structure during the interactions between the solute and the solvent. Rise again, indicates the
solute has a proclivity for creating H-bonds. Structure-maker solutes are present. Because the
0- APUF terpolymer has bulky rings, it has a high viscosity that rises with concentration.

The adiabatic compressibility of the 0-APUF terpolymer diminishes as the concentration of
solute increases, as shown in Table-1. This could be because solvent molecules clump together around
the ions that support the solute-solvent interaction. The findings are consistent with those of previous
researchers.’®!° As the concentration rises, a proportion of the solvent mole become electrically
restrict. It reduces bulk solvent amount which is available, lowering compressibility. The creation of a
large number of closely bound systems is indicated by a decrease in adiabatic compressibility.
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Table—I shows the variance in RA values as concentration increases. It shows that relative
association (RA) increases as concentration rises. This rise suggests that solute molecules are being
saved. Syal ! discovered a comparable increase in the value of RA in the case of sucrose solution.
The number of ions or particles in a given volume increases as concentration rises, resulting in a
decrease in the gap (intermolecular free length) between two species. Also, because of the reduced
compressibility, the molecules pack closer together, resulting in a reduction in intermolecular free
length. Syal and co-workers have noticed a similar pattern.” In the case of the 0-APUF terpolymer,
a decrease in intermolecular free length was seen as ultrasonic velocity was increased. Table—I shows
the fluctuation of intermolecular free length with concentration.

The product of ultrasonic velocity and density is acoustic impedance. The Zs value increases
as density and velocity both increase with increasing concentration, as shown in Table-1, indicate
solute and solvent molecule interaction. According to literature study Syal and co-workers observed a
similar result for tetra-alkylammonium and alkali metal salts in methanol-chlorobenzene combinations
as a solvent system. 2
4. Conclusion:

The presence of molecular interactions between the solute-solvent interactions is shown by
ultrasonic analysis of 0-APUF (o-aminophenol urea formaldehyde) terpolymer. The decrease in
intermolecular free length of the solute-solvent causes an increase in ultrasonic velocity with
increasing concentration. As concentration increase, so does the density and viscosity. With increasing
concentration, adiabatic compressibility and intermolecular free length decreases
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Abstract :-

In India, a new education policy that was
implemented in 2020 brought about significant
changes to the country’s educational system.
The global community, including India, adopted
the Sustainable Development Goals in 2015.
SDG-4, which is focused on providing high-
quality education, has ten targets. But it’s
important to comprehend the main obstacles to
putting NEP 2020’s recommendations into
practise and meeting SDG-4 targets. In an effort
to successfully establish solutions for ensuring
SDG targets, important limits are being
highlighted, and a list of recommendations and
possible directions is being compiled.
Keywords: New Education Policy 2020,
Implementation strategies, Sustainable
Development Goals.

A. Introduction :

Education is fundamental for achieving
full human potential, developing an equitable
and just society and promoting national
development. Providing universal access to
quality education is the key to India’s continued
ascent, and leadership on the global stage in
terms of economic growth, social justice and
equality, scientific advancement, national
integration, and cultural preservation.

India’s previous Education Policy was
passed and implemented in 1986. After thirty-
four years, the National Education Policy (NEP)
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for India has been updated, revised and approved
on 29 July 2020." The policy signifies a huge
milestone for India’s Education System, which
will certainly make India an attractive
destination for higher education worldwide. The
policy is based on the pillars of “Access, Equity,
Quality, and Affordability & Accountability” and
will transform India into a vibrant knowledge
hub. NEP 2020 emphasis systematic and
institutional improvements to regulate govern
and promote multidisciplinary academic and
research in Indian HEls. ! NEP 2020 has marked
an epoch development in the educational
landscape of India.
B. New Education Policy and its Vision
to Education for Sustainable Development :

India’s first 21st-century education
policy, the National Education Policy (NEP), was
unveiled in 2020. By providing comprehensive
and equitable education to everyone, the NEP
is projected to put India on the path to achieving
Goal 4: Quality Education. The NEP is introduced
with a vision on Education for Sustainable
Development. If India wishes to timely meet the
established goals and targets, NEP has given
special regard to the need to structure the whole
educational system of the nation®.

Comprehensive and integrated
environmental education, including topics like
sustainable living, waste management,
environmental preservation, biodiversity,
safeguarding natural and biological resources,
sanitation, and climate change, is a priority for
NEP 2020.7

Environmental educationis now required
in the curriculum as part of NEP’s emphasis on
training and educating teacher educators and
trainers about sustainable development. The
National Education Program (NEP) intends to
deliver education in a way that will produce
sustainable means of subsistence and
strengthen the national economy. !

Prior to the NEP, efforts were
concentrated on advancing Sustainable

Education via Education. In order to improve
knowledge and understanding and to advance
sustainable practises, the Pacific Education for
Sustainable Development Framework has
already highlighted areas of priorityin the fields
of formal education and teacher preparation,
with a focus on advancing quality education. ®!

Nationally and internationally, there has
been a lot of attention paid to education for
sustainable development (ESD). NEP was only
recently adopted, thus there is still much work
to be done before the policy is fully and
effectively implemented. Until then, the country
can continue to study and put into practise good
practises, and make efforts to ensure that NEP
and ESD components are reached and used in
all educational institutions across India.

C. Obstacles to Education for Sustainable
Development:

Even though ESD has been a top priority
for both national and international
organisations, just very little progress has been
made to yet. The lack of advancement is a result
of numerous elements and causes. According
to the author’s in-person conversations with
Global Schools Ambassadors and Advocates
from the United Nations Sustainable
Development Solutions Network (UNSDSDN),
who have worked to implement ESD in schools
and communities, there are many significant
obstacles and difficulties for education for
sustainable development in India. A few of these
are listed below:

1. Lack of Awareness: The necessity to
raise awareness of the Sustainable
Development Goals and the significance of
education in accomplishing these goals was
discovered during personal interactions with
Global Schools Advocates operating at
grassroots level schools in rural India. Even after
the SDGs were proclaimed more than six years
ago, the teacher community in rural areas is still
unaware of the global targets. It is crucial that
the educational community is aware of and
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understands how crucial itis to reform the entire
educational system since achieving
sustainability is impossible without doing so.

2. Practicing ESD in the Curriculum:
ESD implementation across the curriculum in
schools, including in rural and urban settings,
should be made apparent. The country must
make sure that it is taught to kids in more ways
than merely being included in textbooks and
memorization exercises. Implementing ESD in
the curriculum entails doing it rather than simply
teaching it.

3. Simplifying the Concept of ESD: The
idea of ESD needs to be clarified. Numerous
studies and research have demonstrated that
over the years, professionals and scholars have
made an effort to define sustainable
development and its complexity. The idea of ESD
should not be complicated; instead, it should
be broken downinto manageable steps that the
school community can understand and apply.
Even the 17 SDGs are incredibly ambitious, thus
it is important to assist the student community
understand how even the smallest actions may
contribute to sustainability. And reaching
sustainability is feasible if everyone across the
nation and the world takes such modest steps.

4. Community Participation to ESD:
Understanding ESD in the context of the local
area is crucial and vital. Implementing the ESD
Concept is almost difficult without local
involvement. The residents of the community
should be aware of what ESD is, what activities
are taking place in the classrooms, what their
children are learning, and how the school system
is assisting in the growth of the neighbourhood.

5. Lack of Shared Ownership,
Collaboration and Strong Partnerships: No
industry can claim to have no connection to
sustainable development. Every agency, public
or commercial, has an equal obligation to ESD.
We are prevented from implementing ESD
effectively by weak ties and partnerships
between the public and private sectors, a lack

of cooperation between government ministries
and departments, and a failure to include civil
society organisations.

6. Lack of financial resources and
materials: It is true that India spends specifically
designated monies on education, but there are
still some sectors where there isn’t a significant
focus. Both national and local levels must
provide financial support for investments in
curriculum development, teacher training,
resource creation, and related items. Long-term
sustainability promotion through action and
education is difficult due to funding limitations.
D. Results, Discussions and Suggestions to
Overcome Challenges and for Effective
Implementation of ESD:

1. Spreading Awareness: The first step
shall be to raise awareness of ESD.

Itis hard to advance in the correct path if people
don’t understand what sustainability and
educations are, let alone how the two are
related.

2. Effective ESD Curriculum: The ESD
Curriculum’s goal is to help students, teachers,
and other stakeholders acquire the proper
attitudes, abilities, and behaviours.

It should encourage and bring about behavioural
change, and it should be easy to understand,
precise, and implement. The ESD curriculum
must include sustainability-related activities.
3. Encouraging Community
Participation: It is crucial that curriculum
designers take the local context and relevance
into account. The School Management
Committee should incorporate local residents
in meetings and planning, with a special
emphasis on how the community may participate
in school activities and support sustainability.
4., Sustainability Forums: To promote ESD
in schools, it is necessary to create new
committees, reorganise current ones, and utilise
existing forums and platforms. Platforms like Bal
Sansad, Bal Sabha, Children Cabinet, School
Management Committee, etc. should promote
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year-round sustainability-related activities and
action.

All relevant stakeholders, including
children, teachers, parents, and community
members, will become more involved as aresult.
5. Networking, Partnerships and
Collaborations: Government, the private sector,
civil society organisations, institutions, and all
other relevant parties must work closely
together to implement ESD as a single collective.
This will increase capability and aid in
overcoming resource and budgetary restrictions.
E. Conclusion:

Without a question, education is a vital
to achieving sustainable development and a
powerful tool. The school community can
experience the necessary changes in attitude,
behaviour, and abilities that will enable them
to solve problems and make decisions in the
future. One of the biggest contributions to ESD
would come from schoals, institutions, and
universities if they could make sustainability a
key component of instruction in a realistic way.
This essay made an effort to review all previous
studies and publications in the area of ESD,
provide best practises, and identify any
remaining significant difficulties and
impediments to ESD and how to overcome them.
The review article focuses on education for
sustainable development rather than education
about sustainable development and attempts to
expound on the actions and procedures needed
to address sustainability.
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Abstract

The long-term idea of sustainable
development prioritises the growth of present
and future generations equally. The economic
development improves the quality of life of
peoples. Rapid industrialization, urbanisation,
and high rate of population growth in the last
50 years has led to large-scaled environmental
degradation. As a result, natural resources are
rapidly depleting and environmental pollution
has become one of the most important
challenges being faced by the world today. Thus,
it is more important to balancing economic
growth and environmental protection side by
side. We focus on strategies for sustainable
development which are necessary for survival
of present as well as upcoming generation.

Keywords: Environment, development,
economic, pollution, strategies
1. Introduction :

The environment consists all living or
biotic factor and non-living or abiotic factor that
influence to each other. Living things included
plants, birds, animals, micrabes etc. and non-
living thing included soil, rocks, water, air,
temperature, etc. The environment provides
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A Review of Plastic Waste Management Strategies
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Abstract:

Due to their inherent qualities, including as inertness and low bulk densities, which make them
appropriate transport materials and provide little risk of contamination, plastics have been frequently utilised
in both water and food packing. Plastic bottles and sachets are now widely used across the nation, but
especially in urban areas. The packaging revolt was not supported by an effective plastic waste management
strategy, leaving many Indian cities covered with plastic debris, leading to terrible visual issues and other
issues with community health. Most wealthy nations now have plastic recycling programmes in place as a
result of rising environmental consciousness and declining landfill capacity. Only 5 to 25% of plastic garbage
is currently recycled, nevertheless. The study addresses the potential for programmes to manage plastic trash.

Keywords: Plastics, packaging, recycling, plastic waste management.

Introduction:

Almost every area of human activity today has benefited significantly from the use of plastics,
including agriculture, medicine, transportation, piping, electrical and heat insulation, packaging,
manufacturing of household and electronic goods, furniture, and other items with specialised or everyday uses.
Plastics have made a substantial contribution to supporting human life in medical items such disposable
syringes, blister packaging of tablets and capsules, joint replacement prostheses, intravenous (IV) fluid bottles,
blood bags, catheters, heart valves, etc. Plastic-made medical gadgets are inserted into people.

One of the most significant uses of plastics is in packaging.

In fact, packaging uses account for nearly 40% of all plastic materials worldwide. A sustainable,
hygienic, energy-efficient, economical, and environmentally friendly packaging solution has been made
possible thanks to plastics. Due to the versatility of plastics, it is now possible to package food items including
milk, spices, edible oil, bread, confections, rice, wheat flour, snack foods, and other types of pharmaceuticals
in a way that is effective, hygienic, and economical. Plastic is used to package a vanety of everyday and
specialty products for usage by all people, whether they are wealthy or impoverished, living in urban centres
or rural communities.

The synthetic organic polymers that make up plastics are widely utilised in a variety of products,
including water bottles, clothing, food packaging, medical supplies, electronics, building materials, etc.[1].
Plastics evolved during the last 60 years into a necessary and adaptable material with a diverse variety of
characteristics, chemical makeup, and applications. Although plastic was initially thought to be innocuous and
inert, years of environmental plastic waste have resulted in a variety of related issues. Plastic trash pollution
is now widely acknowledged to be a significant environmental burden[2,3], particularly in the aquatic
environment where plastics undergo prolonged biophysical breakdown[4,5], have severe effects on
species[6,7], and have few choices for disposal[5,7,8].

Plastics used for sheeting and packaging are frequently discarded after use, but due to their endurance,
they are ubiquitous and persistent in the environment. Although research on the monitoring and effects of
plastic wastes is still in its infancy, the reports thus far are alarming.

Plastics based on gasoline are widely used in both the workplace and home environment of humans.
These polymers are often landfilled along with municipal solid trash when their useful lives are through.
Phthalates, polyfluorinated compounds, bisphenol A (BPA), brominated flame retardants, and repercussions
on the environment and public health are only a few of the harmful components found in plastics. Due to the
abundance of plastics in electronic garbage (e-waste) and the lack of suitable treatment practises in many
nations, this material is becoming a severe environmental and public health hazard on a global scale. Plastic
IJFMR ICMRS'23-209 Conference Proceedings 1
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hazardous chemicals from e-wastes can migrate outside of processing sites and into the environment,
according to reports from China, Nigeria, and India[9-11].

Types of Plastics and their Major Applications:

The Society of the Plastics Industry, Inc. (SPI) introduced its resin identification coding system in 1988 at the
urging of recyclers around the country.

The seven types of plastic include:

1. Polyethylene Terephthalate (PETE or PET)
2. High-Density Polyethylene (HDPE)
3. Polyvinyl Chloride (PVC)
4. Low-Density Polyethylene (LDPE)
5. Polypropylene (PP)
6. Polystyrene or Styrofoam (PS)
7. Miscellaneous plastics (includes: polycarbonate, polylactide, acrylic, acrylonitrile butadiene, styrene,
fiberglass and nylon)
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Figure 2 : Examples of different types of Plastic
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The various types of plastics and their major applications are as follows:

Thermosets:
Thermoset or thermosetting plastics strengthen on heating, but cannot be remolded or recycled such
as Sheet Molding Compounds (SMC), Fiber Reinforced Plastic (FRP), Bakelite etc. are the examples of the

same.

Thermoplastics:

These types of plastics become soft when heated, they can be moulded or shaped with pressure when
in plastic state and, when cooled, they solidify and retain the shape or mould. Some common thermoplastics
with their uses and properties are as follows: -

Polyethylene terephthalate (PET):

Some common properties are: i. Tough and clear, good strength and stiffness, chemical and heat
resistant, good barrier properties for oxygen and carbon dioxide. 11. It is used in-packaging, soft drink and
mineral water bottles, fibres for clothing, films, food containers, transport, building and appliance industry (as
it is fire resistant), etc.

High density polyethylene (HDPE):

Some common properties: i. good process ability, excellent balance of rigidity and impact strength,
excellent chemical resistance, crystalline, melting point (130-1350C), and excellent water vapour barrier
properties. ii. Used for making blow moulded products (various types of containers, water bottles), pipes,
injection moulded products (storage bins, caps, buckets, mugs), films (carrier bags), etc.

Polyvinyl chloride (PVC):

Its properties are: i. Versatility, energy saving, adaptability to changing time and environment,
durability, fire resistance. ii. It is used in industries such as building and construction, packaging, medical,
agriculture, transport. Also used for making wires and cables, furniture, footwear, domestic appliances, films
and sheets, bottles, etc.

Low density polyethylene (LDPE):

Characteristics of LDPE are: i. Easy process ability, low density, semi crystalline nature, low melting
range, low softening point, good chemical resistance, excellent dielectric properties, low moisture barrier,
poor abrasion and stretch resistance. ii. It is used for making carrier bags, heavy duty bags, nursery bags, small
squeeze bottles. Also used in milk packaging, wire and cable insulation, etc.

Polypropylene (PP):

Properties are: i. Low density, excellent chemical resistance, environmental stress resistance, high
melting point, good process ability, dielectric properties, low cost, creep resistance. ii. Used for making bottles,
medical containers, pipes, sheets, straws, films furniture, house wares, luggage, toys, hair dryer, fan, etc.

Polystyrene (PS):

Some of the properties of polystyrene are: i. Glassy surface, clear to opaque, rigid, hard, high clarity,
affected by fats and solvents. ii. Used for making electrical and communication equipments e.g. plugs, sockets,
switch plates, coil forms, circuit boards, spacers and housings. Also used for making containers, toys, wall
tiles, baskets, cutlery, dishes, cups, tumblers, dairy containers, etc.

Others plastics: There are many other types of plastics except these six types, often used in the engineering
sector. Examples include polycarbonate (PC), nylon, and acrylonitrile butadiene styrene (ABS).

Plastic Waste Management (PWM Rules), 2016:

The Government of India notified Plastic Waste Management (PWM) Rules, 2016 on 18thMarch,
2016, superseding Plastic Waste (Management & Handling) Rules, 2011. These rules were further amended
and named as ‘Plastic Waste Management (Amendment) Rules, 2018.

IJFMR ICMRS'23-209 Conference Proceedings 3

@ CamScannéP


https://v3.camscanner.com/user/download

N International Journal for Multidisciplinary Research ;9‘5;1:%

o e

International Conference on Multidisciplinary Research & Studies 2023 o
IJFMR E-ISSN: 2582-2160 & Website: www.iffmr.com e Email: editor@ijfmr.com ICMRS'23

Salient features of Plastic Waste Management (PWM Rules), 2016:

These rules shall apply to every Waste Generator, Local Body, Gram Panchayat, Manufacturer,
Importer, Producer and Brand Owner. « Carry bags made of virgin or recycled plastic, shall not be less than
fifty microns in thickness. The provision of thickness shall not be applicable to carry bags made up of
Compostable plastic, complying IS/ISO: 17088.

Waste Generators

including institutional generators, event organizers shall not litter the plastic waste, shall segregate
waste and handover to authorized agency and shall pay user fee as prescribed by ULB and spot fine in case
of violation.

Local Bodies

shall encourage use of plastic waste for road construction or energy recovery or waste to oil or co-
processing in cement kilns etc. [t shall be responsible for development and setting up of infrastructure for
segregation, collection, storage, transportation, processing and disposal of the plastic waste either on its own
or by engaging agencies or producers

Gram Panchayat

either on its own or by engaging an agency shall set up, operationalize and coordinate for waste
management in the rural area under their control and for performing the associated functions, namely, ensuring
segregation, collection, storage, transportation, plastic waste and channelization of recyclable plastic waste
fraction to recyclers having valid registration; ensuring that no damage is caused to the environment during
this process; creating awareness among all stakeholders about their responsibilities; and ensuring that open
buming of plastic waste does not take place

Producer, Importers and Brand Owners

need to work out modalities for waste collection system for collecting back the plastic waste within a
period of six months in consultation with local authority/State Urban Development Department and implement
with two years thereafter.

State Pollution Control Board (SPCB)/ Pollution Control Committee (PCC)
shall be the authority for enforcement of the provisions of PWM Rules, 2016, relating to registration,
manufacture of plastic products and multi-layered packaging, processing and disposal of plastic wastes.
Concerned Secretary-in-charge of Urban Development of the State or a Union Territory and concerned
Gram Panchayat in the rural area of the State or a Union Territory shall be the authority for enforcement of
the provisions of PWM Rules, Rules relating to waste management by waste generator, use of plastic carry
bags, plastic sheets or like, covers made of plastic sheets and multilayered packaging.

District Magistrate or Deputy Commissioner
shall provide the assistance to PCBs/PCCs, Secretary-in- Charge, Urban Development Department and
Gram Panchayat under his junisdiction, whenever required for enforcement of provisions of PWM Rules,

2016.

Reduce, Reuse, Recycle, and Recovery

Consumers and retailers alike choose plastic bags because they are practical, lightweight, robust,
affordable, and hygienic for transporting food and other goods| 1. After use, the majority of these are recycled,
however some end up in landfills and rubbish piles. Plastic bags can contaminate our streets, parks, and
waterways after becoming littered. Even though plastic bags only make up a small portion of all litter, they
nonetheless have a big impact. Plastic bags can affect both aquatic and terrestrial creatures and cause visual
pollution issues.

Due to their bulk and propensity to take a very long time to completely decompose, plastic bags are
particularly prominent components of the litter stream. Many carry bags become unattractive litter in parks,
gardens, streets, and trees, which not only looks bad but can also harm wildlife like birds and small
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mammals. Bags that make it to the ocean run the risk of being mistaken for jellyfish by marine mammals and
sea turtles, which would be disastrous. Billion bags are discarded annually in affluent nations, the most of
which have only been used once. The main issue with plastic bags is that they take a long time to decompose
in the environment. The ordinary plastic carrier bag is used for five minutes on average, but it takes 500 years
for it to degrade.

Reduce

Plastic, of course, presents a special difficulty because it is not biodegradable and consequently persists
much longer than other types of waste. A few simple actions in daily living could help keep plastics from
entering the waste stream. Some of these actions could be:

1. Discourage the use of disposal plastics

The majority of plastic products we use on a daily basis—grocery bags, plastic wrap, throwaway
cutlery, straws, coffee cup lids—are only used once before being thrown away. Keep track of how frequently
we use these things and switch to reusable alternatives. Before it gets ingrained, we only need a few occasions
to carry our own bags to the store, silverware to the office, or travel mugs to the office tea facilities.

2. Minimize Buying Water
Nearly 20 billion plastic bottles are discarded in the trash each year. establishing a routine of carrying
a reusable bottle and drinking water from reliable sources at work, home, and in the office.

3. Minimize use of Plastics Cutlery
Using metal utensils regularly in place of plastic cutlery would help reduce the amount of plastic that
is discarded in trash each year.

4. Purchase item Secondhand
The newer items comes with lot of packaging materials instead try to use secondhand materials until
it is very necessary

5. Support a bag Tax or Ban
Support legislations and by laws which put taxes on ban of single use plastics

Conclusion

In the modern setting, managing plastic waste has taken on significant importance. In India, a number
of programmes are being put into place to lessen the effects of plastic trash. One such plan for managing
plastic product waste is recycling. Current trends show a noticeably higher percentage of recovery and
recycling of plastic trash, which is both environmentally and economically sensible. These trends are
anticipated to continue, but there are still some substantial obstacles due to technological constraints as well
as economic or societal difficulties surrounding the collection of recyclable garbage and the replacement of
virgin material. Recycling used plastic trash is a practical strategy to enhance the environmental performance
of the polymer sector, especially when combined with initiatives to expand the specification and use of
recycled grades as substitutes for virgin plastic.
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ABSTRACT

The planning and execution of education must be improved in order to meet the goals set for each age group. A
modest growth trend in total representation is reflected in India's higher education. The NPE-2019 declares a
favourable long-term policy. It is about providing a large-scale facility and access to educational needs, as well
as the total integration of physical and biological educational resources with technology. It would be possible to
produce the most amount of higher education with greater values if the teacher, students, curriculum,
extracurricular activities, teaching aids, facilitators, evaluations, assessments, virtual utility, etc. were all
integrated. The agencies and organisations involved in the direction, supervision, and management of higher
education keep a close eye on the programmes, and education technology will give the organisation a timely
and ideal functionalism for developing new policies. The government's aim and vision for education are made
possible through both private and public initiatives. The actual preservation and analysis of data for educational
purposes is guaranteed by educational technology. The electrification of higher education and its use of
technology and communication have a positive impact on student interest and performance.

Keywords:- Technology, Higher Education, Challenges
I. INTRODUCTION

The Diploma, Graduation, Post-Graduation, Doctoral, Post-Doctoral, and Fellowship educational programmes
are offered to applicants to enrol under colleges, institutions, universities, and research centres in order to
enhance their knowledge for practical application. In India, many public and private institutes of higher
learning have been established. The main goal of educational institutions is to impart knowledge as effectively
as possible through the efficient use of its input resources, which include lecturers, classrooms, libraries, and
laboratories. Every programme has a different aim, but the most typical one is to equip the participants with
knowledge for future learning or professional competencies.

Social well-being is a component of sustainable development, and it depends on education. Reforms in
education are primarily motivated by the emergence of information technology as a tool for the dissemination
of knowledge. Education in schools and institutions has changed as a result of the introduction of new
technology-assisted learning tools like mobile devices, smart boards, MOOCs, tablets, laptops, simulations,

dynamic visualisations, and virtual laboratories. One of the most economical strategies for training developing
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minds is the Internet of Things (IoT), which has been demonstrated. Additionally, it serves as a method for
universally integrating top-notch educational opportunities [1-3]. Businesses in the educational technology
sector are always tempted to develop innovative solutions to increase access to education for people who lack
suitable educational facilities. Social media has advanced significantly as a tool for education.

Social media is used by many teachers and students as a crucial component of the whole e-learning experience.
These days, it serves as a vital forum for the exchange of knowledge about important subjects. Social media
websites are a great resource for creating networking opportunities to build social activities and maybe new
occupations [4,5] in addition to the ability to share information anywhere, at any time.

The versatility and non-intrusive nature of modern technology do, in fact, make learning more enticing to the
younger generation. It could be a difficult technique to master at first, though, as conventional educators is
reluctant to integrate modern technology and gadgets into the classroom because they see them as a distraction
rather than a clever learning tool [6, 7]. Students can better prepare for class by using an online calendar that
shows the times of classes, assignments, field trips, guest speakers, exams, and semester breaks. Student response
systems, such smartphones and clicker devices, give teachers a quick and simple way to assess how quickly
students are absorbing the pre-sented material and whether further explanation is needed [8-9].

Digital learning is a fantastic way to reduce expenses, more effectively use resources, encourage sustainability,
and increase both reach and impact for students and teachers. This is true of the environmental impact of using
less paper for handouts and books as well as the time savings and convenience of research. [16,17]. Modern life
and society are heavily reliant on technology in many areas. The worldwide digital revolution has started to
permeate the field of education. Technology is projected to change education by making it more affordable and

accessible because it is fast changing how students learn [18-20].

ICT (Information And Communication Technology) Role in Higher Education:

A number of factors combined over the course of the 1990s to force institutions of higher learning to
investigate the expanding possibilities that information and communication technology (ICT) offered in terms
of enhancing pedagogy and simultaneously changing the way that administrators and academics engaged with
various student cohorts [21]. Many factors are driving the adoption of ICTs in education as we enter the
twenty-first century, and current trends indicate that we will soon witness significant changes in how
education is organised and delivered utilising ICT [22]. Furthermore, the quick development and transition of
new technology suggests that higher education systems must adapt to improvements in knowledge and abilities.
Universities must ensure that their students have the information, abilities, and skills necessary to compete in
an increasingly global and cutthroat industry [24]. The goal of the ICT policy in higher education is to "prepare
young for creative participation in the establishment, sustaining, and expansion of a knowledge society
contributing to overall socioeconomic development of the nation and worldwide competitiveness'[25]. ICT is
used for management and administration tasks in addition to delivering lectures and course materials. It is
obvious that the usage of ICT has helped administrative processes such student registration, grades, course
scheduling, and even staffing evaluation [26]. Higher education will inevitably incorporate ICT, and the
emphasis will be on using it to improve the system for open and distance learning. The unique function of ICT
in strengthening research capabilities should be identified in institution- and sector-wide higher education ICT
policy and planning, and sufficient infrastructure should be supported by capacity building. Digital libraries,
access to online databases, networking etc .can be enhanced through inter institutional collaboration to ensure

optimal usage of ICT expertise and resources[24].
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Benefits and Implications of applying ICT in Higher Education

ICT application in higher education can serve the following:

» Speed and automatic functions: the feature of ICT which enables routine tasks to be completed and
repeated quickly, enabling teachers to demonstrate, explore or explain aspects of their subject, and
allowing students to concentrate on thinking and on tasks such as analyzing and looking for patterns
within data, asking questions and looking for answers, and explaining and presenting results.

» Capacity and range: the ability of ICT to access and to handle large amounts of information; change
timescales, or remove barriers of distance; give teachers and pupils access to historical, recent and
immediate information and control over situations which would normally be outside their everyday

experience.

A\ 4

Provisionality: the feature of ICT which allows information to be changed easily and enables alternatives
to be explored readily.

Interactivity: the function of ICT which enables rapid and dynamic feedback and response
Furthermore, applying ICT in education has the following advantages:

A sense of presence, possibly even community, in online interaction;

Improved learner support;

Unlimited practice of difficult concepts, skills, etc.;

Unlimited access to resources via the Internet;

Improved delivery of learner preferences;

Global access to resources and teaching; and

Learning anywhere, anytime [21].

There are some implications of ICT in higher education:

Time, space and socio-economic factors are no longer major barriers to learning.
Decentralized nature of the new technology frees the learner from the technology provider.
Learners have access to variety of learning resources.

Up-to-date knowledge from any part of the world.

New media allows interactive, learner need not be a passive recipient of knowledge.

VV VYV VYV VV VYV VY VY VY VYV VYV

New technology allows the learner to receive information in a variety of formats [22].

Challenges of ICT in Higher Education:

The high expense of purchasing, setting up, using, maintaining, and replacing ICTs comes first. The use of ICTs
into teaching is still in its infancy, although having a lot of potential. Since implementing ICT systems is
frequently more expensive in absolute terms than in industrialised countries, and other investments (such
buildings) are generally less expensive, introducing them for teaching in poor countries has a particularly high
opportunity cost. In particular, if the pirated software varies in common formats, using unlicensed software can
be exceedingly challenging both legally and financially. Even while well-made educational materials can be of
great value to students, teaching online poses some special difficulties because not all professors are ICT-literate
and capable of using ICT tools.

The four most common mistakes in introducing ICTs into teaching are:

» Installing learning technology without reviewing student needs and content availability;

>  Imposing technological systems from the top down without involving faculty and students;

» Using inappropriate content from other regions of the world without customizing it appropriately;

International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 10 | Issue 7
86



Volume 10, Issue 7, January-February-2023: 43-48

Y

Producing low quality content that has poor instructional design and is not adapted to the technology in
use.

Lack of support from management;

Unclear division of function and power;

Uncoordinated planning and implementation;

Question of ownership;

Shortage of trained staff to cope with the diversity of responsibilities and tasks;
Resistance from staff and reluctance to be retrained;

Insufficient funds for developing, purchasing and implementing ICT [20].
Overcoming negative perceptions from early unsatisfactory experiences;
Educational design and publishing standards;

Timescale and workload;

Getting take-up of the quality assurance processes;

YV V VYV VYV VYV V V VYV VY

Maintaining momentum [24].

II. CONCLUSION

The findings for the Effectiveness of ICT in Higher Education Model make it clear that all the free components,
including ICT availability, usage, knowledge, and cost, are very enormous and have a strong positive impact on
ICT viability. It is also clear from the research that cost is the aspect that has the most influence on how well
ICT is used in advanced education, with accessibility and learning coming in second. It is commonly assumed
that ICT in education can support a few processes related to educating and learning through data transfer and
information assistance. ICT facilitates learning and teaching since it is thorough and well-organized, and as a
result, basic skills may be developed to further benefit from the process. In this way, it should be considered
that changes in learning outcomes are typically related to the use of creative mechanical techniques in
instruction. It is typical for teachers and administrators to create clear and appropriate rules in schools,

businesses, and institutions in order to increase the use of ICT.
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Abstract:
The viscosity, ultrasonic velocity, and density
of  7-hydroxy-4-phenyl-2H-chromen-2-one
have been evaluated in a 70:30 (v/v) ratio due
to the high pharmacological action of
derivatives.  With

of 7-hydroxy-4-phenyl-2H-

Coumarin various
concentrations
chromen-2-one at a temperature of 308.15 K,
acetone is mixed with water, 70:30 (v/v)
DMF, and 70:30 (v/v) DMSO. The different
thermo acoustic parameters, including free
volume, available volume, relaxation time,
and sound velocity number, are computed
using experimental data on ultrasonic
velocity, viscosity, and densities in order to
understand the  various interactions.
Numerous types of interactions, including
solute-solvent, solvent-solvent, and dipole-

dipole interactions, were discovered in the

solutions when the values of this parameter
were modified together with the solute
concentration.

Keywords: 7-hydroxy-4-phenyl-2H-chromen-2-one, binary

mixture, Thermoacoustical Parameters, Molecular

Interactions.

P019
Room temperature ionic liquid promoted
synthesis of 4-aryl substituted 5-alkoxy
carbonyl-6-methyl-3,4-Dihydropyridones
from aryl aldehydes and 1,2-diketones.
Ardhapure Suresh S., Jadhav Anilkumar G., Sirsat
Shivraj B.
Yeshwant Mahavidyalaya, Nanded - 431602 (M.S.)
Abstract:
An improved one pot synthesis of 4-aryl
substituted 5-alkoxy carbonyl-6-methyl-3,4-
dihydropyridones in room temperature ionic
liquid. The reaction does not require any
additional catalyst. Substitutions on the
dihydropyridone ring have been widely
studied due to the important effect of
substituents on their biological activities. This
reaction bearing an excellent isolated yield in
short reaction period. The reaction is
characterized by simple work-up procedure,

efficient recovery and recycling of ionic

liquid, which acts as a promoter.
Scheme:Syrihesis of 4-aryl substituted 5-2lkoxycarbonyl-6-methyl-3 A-dihydro pymidanes
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A FOCUS ON E-WASTE: EFFECTS ON HUMAN HEALTH AND ENVIRONMENT
Amit M. Surjushe
Smt. Vatsalabai Naik Mahila Mahavidyalya, Pusad, (MH), India

ABSTRACT

Today, e-waste, which is produced in enormous amounts by electrical and electronic gadgets, is a global
environmental issue. E-wastes are thought to be dangerous because some parts of various electronic devices contain
compounds that, depending on their density and circumstances, are hazardous. These materials' hazardous
composition poses a threat to both the envirommenr and human health. Its deadly compounds are combined with the
soil, water, and air, posing harm to the biodiversity as a whole. The study's foundation is a survey of the literature on
the subject of how electronic waste affects both the environment and human heaith. It was determined that there was a
significant amount of e-waste generated without appropricte management practises. Furthermore, it has been proven
that e-waste negatively affects both the environment and human health. E-waste, electrical and electronic equipment,
or EEE, the environment, and human health are some index terms.

Keywords: Electronic, Pollution, E- waste, Environment, Human Health

1. Introduction

It's challenging to imagine a world without cell
phones, GPS navigation systems, laptops, and
other digital devices because technology has
grown so swiftly in recent years. E-waste
reduction has become a major concem for
environmental activists, municipal and state
governments, and even the United Nations due
to the constantly growing amount of obsolete
electronics being wasted. Electronic waste, also
known as "e-waste,” is increasingly a serious
problem. India's waste management industry
has a lot of space for expansion because
currently only 30% of the country's recyclable
garbage is recycled. A few of the many issues
behind the nation’s ineffective waste
management include a lack of appropriate
legislation for the collection, storage, and
recycling, as well as outdated infrastructure. "]

E-waste, commonly known as "electronic
garbage," is any abandoned electrical or
electronic device. It is produced from the
materials used in electronic devices used for
data  processing, including computers,
computer hardware such speakers, keyboards,
printers, etc., and such as CD players, DVD
players, and televisions. Used electronics that
will be recycled, resold, salvaged, or discarded
are also regarded as e-waste'”. telephones,
landlines, fax machines, and other
communication devices, as well as domestic
appliances such as a vacuum cleaner, a
microwave, a washing machine, and an air

conditioner. India is the 5th position in the
generation of e-waste. Source of E-waste is
shown in Fig.1 and in Fig.2 shown in growth of
E-wastes in India.

The scenario is concerning since India
produces over 1.5 lakh tonnes of e-waste each
year, and almost all of it ends up in the
unorganised sector because there is currently
no organised alternative. E-waste is responsible
for 40% of the lead and 75% of the heavy
metals discovered in landfills."”) E-waste has
negative effects on human health in addition to
the environment. Pollution and other
environmental effects are thought to be
responsible for about 23% of all deaths in the
country.
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A) Health Impacts

Lead, cadmium, beryllium, and brominated
flame retardants are only a few of the
dangerous metals pollutants found in electronic
equipment (see Table 1). Over 60% of e-waste
is made up of metals like iron, copper,
aluminium, gold, and other metals. Plastics
make up approximately 30% of the garbage,
while hazardous pollutants make up just about
2.80%. (10) Of the numerous harmful heavy
metals, lead is the one that is utilised i1n
electronic equipment the most frequently for a
range of uses, posing a number of health risks
owing to environmental contamination. 1
Lead gets into living things through food,
water, air, and soil. Since children take more
lead from their environment than adults dolm,
their neurological system and blood are
impacted, making them more susceptible to
lead poisoning, It was discovered that the
recycling of e-waste in China, one of the main
e-waste destinations, has contributed to the
increasing blood lead levels in children. [**]
This was a result of the extremely rudimentary
methods and procedures used during recycling
activities.

Numerous studies have documented the
alarmingly high concentrations of hazardous

heavy metals and organic pollutants in samples
of Guiyu, China’s dust, soil, river sediment,
surface water, and groundwater. Skin damage,
headaches, vertigo, nausea, persistent gastritis,
and stomach and duodenal ulcers were all
common among the locals in the same
places.!"!! Further it was found that the blood
lead levels of children were higher than the
mean level in China, and there was no
ialigniﬁcam difference between boys and girls.

E-waslte recycling activities were discovered to
be increasing the amounts of polychlorinated

dibenzo-p-dioxins and polychlorinated
dibenzofurans (PCDD/Fs) in both the
environment and people. Polychlorinated
dibenzo-p-dioxins and polychlorinated

dibenzofurans (PCDD/Fs) were found in much
higher concentrations in human hair, human
milk, and placenta from the e-waste processin
site than from the non-processing site. "¢l
Data on the effects of heavy metal exposure on
humans in India are scarce. Many workers,
including young children, are exposed to
various e-waste disassembly tasks. Although
the results of these studies cannot be applied
universally to India, they are alarming enough
to warrant replication in Indian workplaces.

No information is provided regarding the
effects of these employees on their health.
They can be damaging their life because they
lack the necessary information.

In a different Chinese investigation, samples of
human scalp hair were taken to determine the
level of heavy metal exposure for workers at
high-intensity e-waste recycling facilities.
Metal concentrations of Pb, Cu, Mn, and Ba
were found to be higher in exposed group hair
than in control group  hair. [18)

a. Sources of E-Waste and Effects on health & Environment :-

E-waste sources Constituents Health effects
Solder in printed circuit boards, e Damage to central and peripheral
glass panels, and gaskets in | Lead nervous systems, blood systems, and
computer monitors kidney damage
e Adverse effects on brain development
of children; causes damage to the
circulatory system and kidney
Chip resistors and semi-conductors Cadmium ° E:;l:fl irgyersible effects’ on human
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e Accumulates in kidney and liver

Causes neural damage

Relays and switches, and printed

circuit boards Mercury e Chronic damage to the brain
e Respiratory and skin disorders due to
bioaccumulation in fishes
Galvanized steel plates and
decorator or hardener for steel | Chromium e Causes bronchitis
housing
Plastics and | ® Burning produces dioxin that causes
Cabling and computer housing PVC reproductive  and  developmental
problems
] . . .| Brominated
Electronic equipment and circuit ; ; 2
boards flame- e Disrupt endocrine system functions
retardants
Barium,
phosphorus, |e Cause muscle weakness and damage
Front panels of CRTs and  heavy to heart, liver, and spleen
metals
Copper wires, Printed circuit board C e Stomach cramps, nausea, liver
tracks. opper damage, or Wilson’s disease
Nickel-cadmium rechargeable | ... . Allcrg)f .of the. skin to nickel results in
batteries Nickel dF:rmaUUS whgle allergy of the lung to
nickel results in asthma
e . giia e Lithium can pass into breast milk and
Lithium-ion battery Lithium iy haom a nsiiig haby
e Inhalation of the substance may cause
lung edema
Motherboard Beryllium e Carcinogenic (lung cancer)

Inhalation of fumes and dust causes
chronic  beryllium  disease or
beryllicosis

Table 1: Various e-waste sources, their constituents and health impacts

B) Public health, Environment, and E-
Waste:-

E-waste disposal is becoming a global public
health and environmental concemn, as electronic
waste has become the world’s fastest-growing
portion of the conventional municipal solid
waste stream. E-waste is any electronic or
electrical device that has been thrown,
surplussed, obsolete, or broken. The majority
of discarded electronic gadgets are kept in
households because people do not understand
how to dispose of them properly. This ever-
increasing trash is extremely complicated in
nature, and it’s also a rich source of
commodities such as gold, silver, and copper
that may be recovered and reintroduced into
the manufacturing process. The global e-waste

management segment was worth $49,880
million in 2020 and is expected to grow at a
CAGR of 14.3% from 2021 to 2028, to reach
$143,870 million by 2028 - according to
research conducted by allied market research.
The market growth for rare metals, coupled
with their rarity, has led to a sharp increase in
their price.

In 2021, an estimated of 57.4 Mt of e-waste
was generated globally. According to estimates
in Europe, where the problem is best studied,
11 of 72 electronic items in an average
household are no longer in use or broken.
Annually per citizen, another 4 to 5kg of
unused electrical and electronic products are
hoarded in Europe prior to being discarded. 2]
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In 2021, less than 20 percent of the e-waste is

[24]

collected and recycled.

Source of e-wastes Constituent Environmental effects
components
Electronics which | Copper e Open air burning which can release
includes wires, blenders hydrocarbons into the air.
etc e Hydrocarbons can contribute to the
greenhouse gas effect
Mobile phone and | lead, barium, | these heavy metals leach through the soil to
computer batteries mercury, lithium reach groundwater channels which eventually

run to the surface as streams or small ponds of
water

Computer monitors lead, arsenic, and | electronics are thrown in landfills, these toxins
cadmium may leach into groundwater and affect local

resources
Cathode ray tube used | Lead, barium and | these heavy metals leaching into the ground

in TVs, ATM
video camera

and | other heavy metals

water and release of toxic phosphor

Chips and other gold | Brominated

plated substance, tin,
components hydrocarbons, heavy
melals

Rivers acidifying fish and flora, contamination
of surface and groundwater

Table-2 Effects of e-waste components on environment

C) Research on E-Waste Management:-

To evaluate the current state of India's e-waste
management system, to determine the precise
scope and amount of the issue in Indian cities,
and to build links with the unofficial recycling
industries, many more environmental
epidemiology studies are needed. These studies
will produce useful information that will aid in
creating an e-waste management action plan.
India needs to start monitoring diseases and the
effects of e-waste on human health. The
collection and recycling mechanisms must be
improved in order to guarantee the
sustainability of e-waste management systems.
Establishing public-private partnerships would
be ideal when opening buy-back or drop-off
locations. Another method for guaranteeing the
sustainability of waste manaFemenl is to
charge upfront recycling fees. %

Finding the best e-waste management
technologies worldwide and successfully
implementing them might be essential for a
sustainable, futuristic growth. Many nations
have adopted the Restriction of Hazardous
Substances (RoHS) Regulations in the
manufacture of these items in order to reduce
the use of hazardous materials in electronic and

electrical equipment and to encourage the use
of safer alternatives. There should be an
increasing number of these safer alternatives
that can be employed in electrical devices.

2. Suggestion

1. Don’t throw the waste cell phones, dumped
systems into the landfills. Properly, deliver
them to the organizations where recycling
is carried out.

2. Get the electronic goods from the vendors
who can take back for recycling.

3. Take care of the lifetime of your hardware
equipments and so that e wasle can be
efficiently decreased

4. Big Industries may buy recyclers that can
be used for long time.

5. Citizens should turn their interests to use
the recycled products

6. Support green engineering.

In industries management of e-waste should

begin at the point of generation. This can be

done by waste minimization techniques and by
sustainable product design. Waste
minimization in industries involves adopting:

0 inventory management,

[ production-process modification,

O wvolume reduction,
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[1 recovery and reuse.
3. Conclusion

E-waste are everywhere in our society at local
and international level. It’s caused by their
irregular management. It needs reduced and
reuse of the environmental impacts of
technological artifacts by increasing their life
spans and thereby reducing the demands for
new equipments.

One of the world's most serious environmental
challenges is the toxic nature of e-waste. The
issue is getting worse due to the rising volume

relation to the health risks of handling e-waste
among these workers in India because a large
number of workers in this country are involved
in the crude dismantling of these electronic
items for their livelihood and their health is at
risk. These employees should receive the
necessary training on the safe management of
e-waste and personal safety.

There are various technical options for
managing e-waste, but before they can be used
in the management system, certain criteria
must be met. These include legislation, a
collecting system, logistics, and labour. This

of e-waste brought on by a lack of knowledge =~ may require operational research and
and the necessary skills. There is an urgent  eyaluation studies.
need to develop a preventive strategy in
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