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ECONOMICAL BIOPROCESS DEVELOPMENT TO ENHANCE
THE ALKALINE PROTEASE ENZYME PRODUCTION BY
USING PENCILIUM OXALICUM KRSS-S-FP10 WITH
STATISTICAL TOOLS

Sarojini Chiluvuri

Department of Zoology, J.M.J. College for Women (A), Tenali, Guntur, AP, India.

ABSTRAC

Alkaline protease producing microorganism's isolated total of 74 and 69 fungi from beach soils and black soils respectively were 10 from Kakinada beach soil and 9
from Vishakhapatnam beach soil and 40 isolates from Tenali black soil. The best producing organism identified and characterized as Pencilium oxalicum KRSS-5-
FP10. Taguchi was used to know active and independent variables screened by using PDA media variables was employed to derive statistical model (Response surface
methodology: RSM) for optimizing the medium composition. The alkaline protease activity was in between 2.0U/mLto 10.76U/mL and The Delta value indicates the
effect of component in the form of ranking has given to the variables. To confirm these results, experiments were carried out using RSM these nutrients with same
concentrations and it was observed that the mean value of alkaline protease was 10.13U/mL as compared to the predicted value of 10.76U/mL using MINITAB. The
final optimized medium has given approximately three-fold increase in alkaline protease production in comparison with one-factor-at-a-time (5.12U/mL) method.

KEY WORDS: MINITAB, Taguchi, Pencilium oxalicum KRSS-5-FP10, PDA media, optimization.

INTRODUCTION: Statistical analysis: One factor ANOVA in Taguchi and MINITAB software was

Currently enzymes can be used in basic and applied arenas of research as well as used to analyse the experimental results. Statistical analysis is considered as an

inawide range of product design and manufacturing processes, such as food, bev- important tool to interpret and summarise the experimental data. All the experi-

erage, pharmaceutical, detergent, leather processing and peptide synthesis ments results were carried out in duplicate and data obtained is represented as

industries with the estimated value of the global sales over 3 billion USD (Jordan mean = SD in this paper. P-values of the experimental data are reported respec-

Chapman et al., 2018). Of the whole industrial enzymes, 75% are hydrolytic. tive figures. The P-value less than 0.05 is considered to be statistically signifi-
cant.

Three soil samples were collected in depth of 5-6 cm from soil. Alkaline pH was
observed across the sampling sites and a total of 3 samples were found with RESULTS AND DISCUSSION:

plenty of micro flora occurrence (Ashok Pandey etal.. (2013)). The total micro- 4.5.1 Optimization of the factors of TaguchiL,,:
organism counts of the soils were estimated by standard dilution plate technique. Using L, orthogonal array design approach, the relationships between medium
The isolated microbes were identified by their cultural and fungi and component variables and their concentrations could be worked out. The optimal
actenomycetes were obtained from the positive three soil samples (Dilution combinations and the concentration of the factors required to achieve the highest
Worksheet and Problems (2021)). These are 10 fungal forms from Kakinada, 9 alkaline protease activity was represented in Table 4.5.1.1. The alkaline protease
from Vishakhapatnam and 40 from Tenali black field morphological characteris- activity was in between 2.0 U/mL to 10.76 U/mL at different levels of various
tics. Total 74 microorganism forms (includes bacteria soils. Alkaline proteases independent factors. The Taguchi approach suggests to analyze variation by
fungi were isolated using milk agar plate assay consists of 0.5% casein from dif- using an appropriately chosen signal-to-noise (S=N) ratio and also serve to ana-
ferent soils collected from Kakinada, Vishakhapatnam beach soil and Tenali lyze the average response for each run in the inner array. The Table-4.5.1.2 and
black soil fields of Andhra Pradesh. Three soil fungal isolates were examined for 4.5.1.3 represent the response table for mean and S/N ratio to understand the
protease producing microorganism. Isolation and RAPD-identification of the delta and the rank value of the system. The Delta value indicates the effect of that
highest alkaline protease producer under submerged fermentation, using PDA component whereas rank (Table-4.5.1.4) based on the delta values serialized the
media. factors from the greatest effect to the least effect on the response.
MATERIALS AND METHODS: In the present study, it can be seen that for each of the seven variables at three lev-
Reagents: Unless otherwise stated, the chemicals and medium ingredient used els, one level increases the mean compared to the other level (Table-4.5.1.5).
in this study were purchased from Sigma Chemical Co. (St. Louis, Mo, USA)and Thus the factors NaNO, at level-1, MgSO, at level-1, ZnSO, at level-1, TA at
BD Bioscience (Le Pont de Claix, France). All other chemicals were also ofana- level-1, KH,PO, at level-2, FeSO,at level-1, KCl at level-1 shows a main effect.
lytical grade. These levels also represent the optimal concentrations of the individual compo-
nents in the medium. The Fig.10 and Fig.11 represent the main effect plot of
Optimization of enzyme production: Characterization of the different factors means and S/N ratio in the system. Final optimized levels of each factor in the
for alkaline protease production was optimized by applying RSM. Then statisti- medium for alkaline protease production had shown in Table-4.5.1.1. To confirm
cal model was obtained using Central composite design (CCD) with three inde- these results, experiments were carried out using these nutrients with same con-
pendent variables alkaline protease (X,), (X,) and MnSO, concentration (X,). centrations and it was observed that the mean value of alkaline protease was
CCD maximizes the amount of information that can be obtained while limiting 10.13 U/mL as compared to the predicted value of 10.76 U/mL using MINITAB.
the number of individual experiments (Kunamneni and Singh, 2005). Each fac- The final optimized medium (Table-4.5.1.6) has given approximately three-fold
tor in the design was studied at five different levels (Table-1). A set of 20 experi- increase in alkaline protease production in comparison with one-factor-at-a-time
ments were performed. All variables taken at a central coded values were listed in (5.12U/mL) method. Therefore, it should be considered that the selected condi-

Table-2. Upon completion of experiments, the average of alkaline protease pro- asein and KCl were identi-

tions were the most suitable in practice andIHNO::
duction was taken as the dependent variable or response. [

Run pH | Casein Glucose | FeSO, NaMoO, MnCl, CaCl,
1 I

) Tl oD |5 0005 SRl Sl e 2

B 4 0050 | 0005 4 4 2 5 10.000
3 9 | 10 1 0005 | 0050 | 1 1 2% 5 10.620
A ST 0008 ] 6005 Sl e g LTS 5 : - S
5 Dl o L] 0050, 40050 1 1 6 5 — 8.520 $.490
6 gbino f o4 T 00050 1] 50050 4 4 6 5 2 2.000 2114
7 || 10 [ 4 [ o005 | 0050 4 4 2 10 2 8.800 9.210
B |10 1 4 | o050 | o050 4 4 2 10 6 10880 | 9.160
9 [l 10 1| 0050 | 0005 1 i 2 10 6 6760 | 7.120
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4.5.2. Optimization of the selected medium components by RSM:

The Taguchi results showed that among seven different culture components, four
have significant impact on enzyme production (Mishra, Rashmi, (2020)).
Response surface methodology was used to investigate the effects of four com-
ponents viz. MnCl,, Casein, NaMoO, and pH by taking as independent variables
onalkaline protease enzyme production (Malhotra and Chapadgaonkar, 2020). It
was found that alkaline protease production was enhanced up to 10.76 U/mL in
the medium optimized by RSM.

The CCD matrix in terms of code and actual values of independent variables is
given in Table-4.5.2.1. The second order model equation was quantified by using
Analysis of variance (ANOVA). ANOVA of the quadratic model indicated that
the model is significant. In this study it was found that A, C, D, A2, H2, AB, AC,
AH, BH and CH (A=MnCl, 0.005 g/L, B=casein 13.1521g/L, C= NaMoO,
0.0205 g/L, and D=pH 9.0/10.0) are the model terms. The second order response
model was made after analysis of regression. The model can be illustrated as fol-
lows.

Final Equation in Terms of Coded Factors:
R1=+523.9752.65*A3642.48*B45.32*C173.27*D+79.31 *AB183.06*AC1 18.
23*AD+77.81*BC+842.31*BD101.88*CD+123.35*A"2+2398.65*B"2+1 17.

I

NaMoO,
28.9432
370424
33.0206

0.0000
37 0424

4 ;
| 229226 | 180618 | 399127 | 37.3846
| 348195 | 358304 | 354223 | 2
| 314222 | 316511 | 306031 o
| 377351 | 367242 | 371324 | 360173 | 37.0370
| 363909 | 369020 | 349638 | 31.5957 | 423454
| 148126 | 188402 | 93096 64712 | 122338
T e s

32*C~2+200.31*ABD158.81*ACD+181.31*BCD130.35*A*2D396.40*B"2
DI138.66*C*2D.

Final Equation in Terms of Actual Factors (pH 9.0):
R1=+1.22166E+0051.83737TE+006*MnCI21884.72947*Casien+14828.82972
*NaMo042420.00000*MnCl12*Casien2.48718E+005*MnCI2*NaMo04530.7
6923*Casien*NaMoO4+1.01484E+007*MnCI12/2+27.95051*Casien”2+6.73
725E+005* NaMoO4"2 and

Final Equation in Terms of Actual Factors: pH10.0:
R1=+37550.07733-76878.05410*MnCl12-2039.89282*Casien+2.87974E+
005*NaMo04+5592.50000*MnCl12*Casien3.50641 E+006*MnCI2*NaMoO4
+1328.84615*Casien*NaMo0042.79959E+005*MnCI2/2+20.02245*Casien”
25597.90761*NaMoQ4"2

Table 4.5.2.1: Actual and predicted values

Internally  Externally Influence on

Run Actual Predicted Studentizes] Studentized Cook's Fitted Value Standard
Order Value Residual  Leverage  Reshdual  Residual — Distance  DFFITS  Order
1 508,00 312329 0670 0 o7l 0.053 Lo18 ]
2 70200 176 0.166 0.007 0.007 0.000 0,003 15
709,00 S16014 0607 -1.675 -L760 0217 2089 10
4 35000 070 0.166 0001 0001 0.000 -0.000 30
5 386.00 3530 0165 0050 0018 0.000 0022 7
6 370.00 M52 0607 0509 0500 0.020 2622 2
7] 1585000 1614531 9534 0607 0,606 0596 0028 0.741 1
8 35.00 50658 63158 0,670 1458 1503 0216 21410 b1}
3 35 0.166 0.007 0.007 0.000 003 36
0 0166 0.087 0085 0.000 0038 19
n 0607 2657 1219 0516 1003+ 31
12 0607 2151 2391 0358 291 n2
13 0670 0.107 0398 0.017 0.567 24
13 0,670 2471 2889 0619 26
15 0670 0451 Aus 0.021 25
16 0.670 1703 1798 0204 s
17 0.607 -0.481 0472 0018 3
15 22 0.670 -0.180 0471 0,023 X n
19 31200 350.70 0166 0084 0053 0,000 -0.024 10
20 £30500 11610 0670 0.423 0411 0018 0589 1
21 308.00 1334 0.607 0533 0023 0,663 M
2 1500 -103791 0670 2810 0595 1002° b:}
b 70100 69724 0.166 0.00% 0,000 0002 17
24 9208 DO 880937 0670 0887 0.081 1263 6
35 740.00 151695 0607 -1663 0197 -2068* it
26 332.00 350.70 0.166 0026 0000 0011 £
7 160.00 0670 1.440 0199 2050 s
p- 3 6300 0670 0421 0019 0603 7
2 36300 0166 001 0000 0008 38
£ 708.00 0.166 (R 0.000 0,00 18
31 4967.00 0.670 1559 0.230 220 21
2 8894.00 0670 0,790 0.064 1124 2
33 4000 0.607 3108 0521 3862° RN
M %9.00 0166 0.126 0000 005 20
35 14490 0670 1356 179 193¢y
36 760.00 0507 0108 =1
1 .00 0.670 me 3
5 35,00 0.166 35 16
39 200 0,607 ™ 30
1) T7.00 0.607 3 9
The significance of second order model egf E&NOVA)

test (Table-4.5.2.3.). For this model, if the

35 is significant at % dvel ie.
P<0.0001, then the model 5 is considered :

ﬁ ANOVA analy5| ca

W
1331 gy signifi-
!\ qibili

close to the "Adj R-Squared" of 0.959635 one might normally cxpcct (Abmla
Ezekiel Taiwo ef al., 2020). This may indicate a large block effect or a possible
problem with the model and/or data. Things to consider are model reduction,
response tranformation, outliers, etc "Adeq Precision" measures the signal to
noise ratio. A ratio greater than 4 is desirable (Sunil Chamoli, 2015). A ratio of
31.246 indicates an adequate signal (Table-4.5.2.4.). The three dimensional plots
of the responses were drawn to predict the alkaline protease for different test vari-
able values to understand the interaction among the independent factors (Ram
Kumar et al., 2018). The plotsof A°, B®, C°, AC, BC, BD were constructed by tak-
ing response (alkaline protease production) at z-axis against two variables (Fig.
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12). It was observed that medium containing MnCl, 0.005 g/L, casein
13.1521g/L, NaMoO, 0.0205 g/L, and pH 9.0/10.0. The predicted results com-
paratively show 0.5-fold increase with Taguchi (10.76 to 15.82 U/mL) alkaline
protease activity (Hammami, Bayoudh, and Abdelhedi, 2018). Similarly, the
cffects of parameters such as, relative humidity, pH of the liquid medium, and vol-
ume of inoculums were positive and smaller than the error limits and the change

in mean effect was also small, in which case according to the decision-making

procedure of the evolutionary operation technique it was advisable to select a

new search region and start a new phase of experiments reported (Dhayalan,

Velramar, Govindasamy, 2022). RSM has been applied for designing of experi-

ments (o evaluate the interactive effects through a full 31 factorial design and

reported the similar results by Gilmour, Steven, in the year (2006). The optimum

conditions were casein concentration, 3.22%:; fermentation period, 96h; temper-

ature, 30°C; and pH 9.0. The high value of the regression coefficient (R*=0.9793)

indicate excellent evaluation of experimental data by second-order polynomial

regression model. The RSM revealed that a maximum alkaline protease produc-

tion of 15.82 U/mL was obtained at the optimum conditions and found the similar

results with Gomaa, (2013).

Table 4.5.2.2: ANOVA for Response Surface Reduced cubic model
Analysis of variance table.

ANOVA for Response Surface Reduced Cubic model

Uatenmally Suenbe o Fos ks s

Analysis of variance table [Partial sum of squares - Type 111]
F

Sum of Mean p-value
Source Squares dar Square Value Prob == F
Model  5.722E+008 19 3012E-007  49.79 0.0001 significant
A-MnC12 75716.45 1 75716.45 0.13 07272
“asien 3.624E+008 1 3.624E+008  599.15 0.0001
“NaMoOd  $6104.35 1 56104.35 0.093 0.7638
D-pH 1 3.610E+005 0.60
AB 1 1.006E+005  0.17
AC 1 5.362E+005 0.89
AD 1 3.81SE+005  0.63
BC 1 96876.56 0.16
BD 1 1.938E+007 32.04
<D 1 2.835E+005 047
A2 1 4.386E+005 073
B2 1 L6SRE+008 274,17
2 1 3 0.66
ABD 1 1.06
ACD 3 1 5 0.67
BCD 5.260E+005 1 5.260E+005 0.87 0.3622
AM2D 4.898E+005 1 1,.898E+005  0.81 0.3789
B 2D 1 7.49 0.0127
c2D : 005 1 0.2 01,3499
Residual 1.210E+007 20
Lack of Fit 1.209E+007 10 119290 0.0001 sigmficant
Pure Emor  10132.17 10
Cor Total 5.843E+008 39
Table 4.5.2.3. Response curve standards with factor 1 and R1
Coefficie Standard |95% CI |95% C1
nt
Factor Estimate |df Error Low High VIF
Intercept |523.97 1 224.29 56.12 991.82
A-MnCI2 |-52.65 1 148.81 -363.06 |257.76 1.00
B-Casien |[-3642.48 |1 148.81 -3952.89 |-3332.07|1.00
C- -45.32 1 148.81 -355.73 |265.09 1.00
NaMoO4
D-pll -173.27 1 224.29 -641.13  |294.58 |3.33
AB 79.31 1 194.43 -326.26__ |484.88 1.00
AC -183.06 1 194.43 -588.63 [222.51 1.00
AD -118.23 1 148.81 -428.64 192.18 1.00
BC 77.81 1 194.43 -327.76 _ |483.38 1.00
BD 842.31 1 148.81 531.90 1152.72 |1.00
cD -101.88 1 148.81 -412.29 |208.53 1.00
A2 123.35 1 144.86 -178.82 |425.53 1.02
B~2 2398.65 |1 144.86 2096.47 |2700.82 |1.02
e 117.52 1 144 .86 -184.65 1419.70 1.02
ABD 200.31 1 194.43 -205.26 | 605.88 1.00
ACD -158.81 1 194.43 -564.38  [246.76 1.00
BCD 181.31 1 194.43 -224.26 | 586.88 1.00
A”2D -130.35 1 144.86 -432.53 171.82 1.67
B"2D -396.40 1 144.86 -698.58  [-94.23 1.67
CcA2D -138.66 1 144.86 -440.84 163.51 1.67
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Table 4.5.2.4: Standard Deviation, Mean
Fig. (h)
Std. Dev. 777.71 R-Squared 0.9793
Mean 232635 Adj R-Squared 0.9596
CV.% 33.43 Pred R-Squared 0.8407
PRESS 9.307E+007 Adeq Precision 31.246
P o 8
CONCLUSION:

Present investigation aims to develop new biopf
media by using optimization of production m¢
cost of production medium and found effective;
PDA media and serially optimized the media b

flask fermentation. The bioprocess optimization predicted results comparatively
show 0.5-fold increase with Taguchi to RSM (10.76 to 15.82 U/mL) alkaline pro-
tease activity and also have prepared different production media for enzyme fer-
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ABSTRACT

The Present paper deals with the Self-Esteem from Restrictions, the
maximum prominent elements related to each Indian Woman inside the
cutting-edge state of affairs according to many contemporary fiction writers
in India, The internal adventure of the ‘self’ in literature reaches the final
destination referred to as self-realization’. It deals with the inner exploration
of the Characters in Indian novels and the following adjustments that
manifest of their life. Self-esteem is essential at each factor in an individual’s
life. Its presence varies once in a while; at a young age for a few individuals,
all through the canter a long time for some others and at old age for others.
The evaluation of self enables a person to discover the potentiality of his/her
self to achieve any intention in existence. Esteem further motivates the ‘self’
to yearn for the reason in existence. Whereas motive pushes the person in
addition to the reality that is an unavoidable truth that the self has to agree
upon absolutely the makeover. The main objective of the movement is to
focus on the rights and protection of woman rights and identification of their
share in the life of man and also to make everyone realize their responsibility
in the protection of woman rights. It gives a full stop to the silent suffering
and helplessness. Simone De Beauvoir rightly pointed in her magnum opus
“The Second Sex”; “Of course, the miserable condition of woman all over the
world inspired the women of talent like Virginia Woolf to do something in this
field and the result was the emergence of Feminism, a great movement in the
western world in 1960’s. It is a movement for the emancipation of women
and their fight for equal rights.” (1955: 80)

Keywords: Subjugation, Exploitation, Suppression, Emancipation, rights etc.
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This whole alternate of one’s self leads
an individual to benefit greater information,
dedication and judgment. Literature is the
consultant artwork of existence and humanity.
The comprehension of life is perceived by the
mind and emotions of the characters. The
principle of existence concentrates extra at the
self and the identity of the self. Also, the opinion
of a character to begin with receives approval
from the society which in flip reaches all the
humans round the arena. According to
modernists’ notion, humans are independent,
rational individuals or ‘selves’ who suppose and
act as unaccompanied of all different people.
While a number of us are at ease in spotting this
concept as obvious and natural, yet for the
acculturated and educated within the Western
continent, it's miles an insignificant assemble. In
the postmodern period, this notion or this
assemble is named as subjective. In the recent
instances, the concept of individuality has turn
out to be identifiable as compared to the sooner
many years. People have aware of a couple of
methods of being, and they may be at ease in
relationships and connections with one another.
They are also mixture of many, often conflicting
elements. As they often confront the specific
contexts, cultures, and sets of thoughts (and/or
between the special parts of themselves), they
behave otherwise, and suppose differently with

regards to others.

THE PROGRESS OF NOVEL AND INDIAN WOMEN W

The Novel as a literary gen i

popular in modern-day India. The cc
greater variety of epics, lyrics, dram: 3
stories and fables that have their
ancestries, for closing several ce ries. it
for the duration of the contemporary pes
a touch more than a century that the
extended 4 enduring piece of prose & :"
started out to strengthen its roots in

ol

won't agree if he or she is pupil ¢

literature to mention that Sanskrit g
Bana’s Kadambari and Subandhu's
are also novels. But this description
longer absolutely gain in analyzing ang q

the existing fiction writing. The fact is ih
ones mentioned above are remotec l-
For the unconventional, and its amaz A
into the arena, one needed to wait
latter and half of the nineteenth cent
the Western influence commenced
precise or horrific on India’s cultura! frc
additionally resulted in lots of other 1

inside the development of formal

in the regional languages. The r .‘_

cognizance to begin with is on g
factors and presently as an inventive

for its recognition and progress.

Novels had been posted in M L]
languages and also in English because o

reciprocal have an effect on between the

Dr.G.Jyothi Olivia
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¢ in the regional languages. The dating
. those two is extra intimate and
= than this the
2 of the works in the related fields,

sort of within

try or drama. And this has elevated
lunities to facilitate writing with
iparative ease with which a unique
paintings of artwork) can be
m one or more Indian languages
: United States at present. As there
few attempt to explore a simply
and definitive
- India
. the principle signpost appears to

literary records of
which is vyet to be
sible sufficient for the scholars.
cation diagnosed with for greater
: as part of ‘lLiterary
But the signs of in reality at once
__stns and signs and symptoms of
_ were to be visible in Madras,
er additives of India as well. The
novelists had been portraying
The

3 be traced inside the submit -

manifestations. latest

is that the wonderful and first-
of female characters especially

are humdingers to study.

Indian girls novelists like Kamala

@antara Sahagal, Anita Desai,
e, Bharati Mukharjee, Manju
aran and others are vociferous

characters, demonstrating the

FEred e

standards of ‘self-Esteem’ and ‘liberation’. Their
demonstration of these two characteristics in
the modern-day day girls signify their combat
against suppression and oppression of by the

patriarchal society. It is commonplace to

observe that biological wvariations between

males and females are natural. But those

biological dissimilarities which might be made
out of gender distinction reasons them to treat

one another otherwise due to their inherent

contrastive nature. It is the idea for structural

inequality which differentiates males and

females. Subsequently, women undergo

hardships due to systematic social despotism.
Inequality between the sexes is not the ocoutcome
of organic prerequisite however it's miles the

result of cultural manipulation of gender

wvariations. Simon de Beauvoir rightly says, in The

Second Sex, of girls with reference to thie

remedy that they get from men at home or in
society. This makes the existence of ladies more
sympathetic and insightful in their method. She

further states that, “One isn't born a lady;

instead one will become, a female, it is

Civilization as an entire that produces this

creature most effective the intervention of a
person else can set up an person as some

other.” (Beauvoir: 295)

The social and cultural system in India is

inspired and controlled by means of a

patriarchal society wherein the dominance of

male is unsure in the socio - financial situations
/“’" ——
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(elements), denying girls in their self-esteem and
liberation humiliating them to the placement of
2d class residents. In such male ruled society,
liberation, quest for self-identification, protests
and concepts referring to resistance are beyond
the manipulate of women. Surprisingly, the girls
of the sooner instances were now not even

aware about such phrases, since ladies are
obviously very

They

‘touchy, sacrificing and home

makers’. are always taken into
consideration as obedient, quiet, submissive and
passive humans. Their self-Esteem and
liberation are usually subjected to the male
dominance. Such is their humiliation that has
conditioned them down simplest to accord a

few benefit over their male opposite numbers.

The women in their works is a being with

no area for herself, without any self-

identification, reverence for his or her
obligations as human beings and so forth. These
women novelists have targeted a good deal
upon the afflictions and the maladies of the
ladies of that day and at the identical time they
by no means attempted to disappointed or
deviate from the traditional and cultural ethics
in their period. This illustrates why a primary
recognition in recent Indian girls writing is
shifted to peep into the inner self this is lively
enough in its look for identity and emancipation
whilst being steady in interpersonal dating. The
cutting-edge ladies writers try to disclose the

secrets and enclose the conscious negation that

is not having plenty help in these day="s
Certain characteristics of girls are = !
projected as beings who surrender, ¢
themselves to martyrdor ﬂ‘
emphasize the significance of poriraya!

because the characters revolting

suffer

conventional rule, disintegrating the o
exploitation and oppression, kindliing

identity, to assert their individusit
novels noticeably gift the resentment

infringem

retaliations and their

conventional projections of the Indian

The Concepts of Self-estecm

Restrictions of Women in Indian - - *
Female-lib= 75‘
Contemporary Indian Fiction in English| =

for Self-esteem and

k(L)

special subjects denoting the conditic
The cause is to direct its gaze close i
sociological factors of ladies which inciug ,:
non-stop conflict to pick out their own h

inside the social system that is o

negated due to inner and external con®
expressions ‘Self-esteem’ and ‘liberatic

come to be high-toned and elegant te
the contemporary literary research. OF pad
even the media is vociferous on| =
problems of women inside the society _-
'Se‘tf -—'A

Smitha. G denotes that there are W

way, pointing to the need for

expressions gaining momentum in the g

identification. Their stories inform

approximately ‘countrywide identity’, re
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i‘icatlon‘, ‘tribal identification’, ‘cultural
¥, ‘man’s identity’, ‘women’'s nine
ication’, ‘Indian identity’, ‘European
f.v, ‘organization identification’ and hoards
er identities. One has no idea how many
fes are at gift floating in the air. It may be
ﬁrd to have @ depend of them, to seize
‘@and to recognize ‘them. (Smitha: 321)
il! the novelists who belong to the older
L worried in discussing the troubles of
;rancl emancipation however their subject
p physical than mental. Not endorsed by
fthose, the novelists of the modern era,
?Chaman Lal, Nayantara Sehgal, Anita
th Prawer Jhabwala, Salman Rushdie,
k!e deeply concerned with the ‘self-
l‘ Any try to undergo their terrific works
elp us discover how their characters
 across the subject matter of identity
fzlachandra Rajan has explored the hard
:,I'affalrs of alienating one’s personal ‘self
ovels.

Self-Esteem and liberation” illustrates
male as an embodied object makes use of
:as a8 weapon or a car of resistance to
& in opposition to violence in any form
fed inside the patriarchal strength
res and emerge as visible subjects. Even
;a girl’s body is invaded and destabilized
i patriarchal pressures and interventiors,
ﬁsis authentically illustrates how girls

. their declare over their bodies and

:

assert their rights to empower their self and
establish their identity as self reliant beings. The
conquest (control) ladies has on her frame is the
most important victory they can flavor breaking
themselves from the orthodox ideology of being
physically weak makes them wulnerable in

decisicn making strength additionally.
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LISH LANGUAGE: AN ICON FOR ADVERTISEMENTS AND CINEMA
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ABSTRACT

In the present modern society advertising is with us everywhere, which
is fast gaining significance and helping to establish a new global culture that
spreads across national boundaries. Advertising is rampant now a days. It's a
known fact that the purpose and importance of advertising is felt around the
globe. It has spread even to the remote areas. The coin of advertising is both
positive and negative. Advertising is the sales and promotion of goods, ideas
and images through impersonal media. The language used in advertisements
is not for the uneducated as it is full of Rhetorical figures and Incongruity. The
language used in advertisements make linguistics to frown seriously as it is
highly persuasive, full of deviations, ambiguities, euphemisms and with
ungrammatical structures. Though it violating the rules of language, one of
the best ways is the language used in advertisements can be eye-catching,
memorable and expresses new ideas, new creations in new ways. It has
spread even to the remote areas. Awe inspiring advertisement is witnessed
by the world. The positive aspects give immense delight to us and negative
features make us think and critique. Sometimes the impact of the advertising

on the people is beyond expectations.

Keywords: Advertising, English, Language, Globalization.
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Advertising is a prevalent phenomenon
nowadays that has gained the attention and
interest of a large number of a individuals in
different societies around the globe. Critics and
writers have usually treated the idea of cinema
literature from one of view,

and point

considering the influence of literature on
cinema. Critics usually compare cinematographic
work to literature, assessing the degree to which
a movie is faithful to a text or novel. The paper

attempts to shed light on the dynamic and

mutual relation that ties language to
advertisements and cinema.
In  the present modern society

advertising is with us everywhere, which is fast
gaining significance and helping to establish a
new global culture that spreads across national
boundaries. Advertising is rampant nowadays.
It's a known fact that the purpose and
importance of advertising is felt around the
globe. It has spread even to the remote areas.
The coin of advertising is both positive and
negative. Advertising is the sales and promotion
of goods, ideas and images through impersonal
media. The language used in advertisements is
not for the uneducated as it is full of Rhetorical
figures and Incongruity. The language used in
frown

full of

advertisements make linguistics to

seriously as it is highly persuasive,
deviations, ambiguities, euphemisms and with
ungrammatical structures. Though it violating

the rules of language, one of the best ways is

the language used in advertisements can be eye-
catching, memorable and expresses new ideas,
new creations in new ways. It has spread even
to the remote areas. Awe inspiring
advertisement is witnessed by the world. The
positive aspects give immense delight to us and
negative features make us think and critique.
Sometimes the impact of the advertising on the

people is beyond expectations.

The question of the relationship
between language and film remains an open and|
active one. We can never fully understand or;
explain the impact of the new medium of film on |
its early viewers and commentators: We Iook%
back from the perspectives of those who ha\fei
grown up in a film age and, most recently, in aé
digital age. Cinema and language are connected g
to each other but still they are different in their |
own ways. It has always been one of the most?
fascinating forms of knowledge which has made :
great impact on human psyche. I
Cinema is the art of showing life ofg
humans and the respective happenings in life
and it reflects the actual happenings in an
idealized form, the standards of social thought
and morality. Cinema or movie is the most
remarkable, illuminating and fascinating
discovery of science and technology. The tone of
language changes with the stages of society. Life
style and incidents are portrayed and given a

clear view by means of perfect moulding in the

Dr. N. Vimala Devi
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erican scientist Thomas Alva Edison.
guage and Cinema seems like the two sides
@ coin. Cinema is also used in response to
.. Poetry as the art of utterance and
a the art of showing, both whole on their
don’t easily make a good couple. Cinema
i language meet head on, not unified as in
entional film, but remaining distinct and
cing, stepping on toes, wooing each other
., a charms of mouth, eye and mind. There
ome best adaptations of literary works that
ever happened in the Indian film industry.
example, Hindi language film industry, Bolly
which routinely picks up movies and
Is from around the world and copies them
sometimes doing adaptations that are

than the originals they are based on.

Advertisements are not only an ‘ ideal
for reaching people but also a device of
g and maintaining contacts with persons.
itural content of advertising, its language
connection with gender issues are deeply
in our society and in the present day, the
al presence of advertising is increasingly
cing the daily life of people. According to
. advertisers should not only inform their
25 about the product, but also stimulate
; among them as well as develop their
and interests through creating new
s from the advertised commodity.
state that consumers come to identify

es with the merits and significance of
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the advertised product in their everyday life
through images, verbal language or symbols.
Due to the force of globalization and consequent
lens

media revolution, the meta-theoretical

through which patriarchal Indian society
traditionally viewed its social world seems to be
transforming. Advertisements too create an
environment in India. Just as it is difficult to be
healthy in a toxic physical environment, if we
are breathing poisoned air or drinking polluted
water, it is difficult to be healthy in a “toxic
cultural environment” that surrounds us with
unhealthy images and constantly sacrifices our
health and well being for the sake of profit. They
sell more than products because they sell
values, images, and concepts of love, sexuality,
success, besides telling us who we are and who
In all

we should be. kinds of advertising ,

women'’s bodies refer to “things” and “objects”.

Advertizing has become a part of

present day life. From everywhere around us,

advertisements of diverse type attack our

privacy. Inspite of it, there is an attractive

power, which is able to manipulate the
consumer, an invisible voice of advertisement
advocates, encourages, asks, announces, and
deeply embeds into people’s minds.
“Advertising is telling and selling”. It comes from
the Latin word “Adverto”, which means to turn
round. An advertiser intends to spread his ideas
about his products and hence designs it to

influence the purchasing power and thought

Dr. N. Vimala Devi
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patterns of the audience. For an advertiser, the
human minds are his work fields, his ideas,
styles are his tools, and he operates from a
remote distance. It is nearly impossible to go
through a day without being bombarded with
advertisements unless we live in the deepest
and remotest part of the worldl In last decades
the market glut of advertising caused the
increased intention and interest in linguistic
aspect of advertising. Advertising has become a
science. People have begun to describe, analyze
the linguistic means and evaluate the language
to find out the principles so as to create new
kinds of relationship between elements of
language and improve the techniques, with the

aim to be unique and maximize the effect at full

blast. Therefore, media largely reflects the
lifestyles, socialization patterns, pa rticipation
levels, cultural boundaries, political

manoeuvrings, religious manifestations,

educational standards, social hierarchy, and of

course society images of any given society.

During the phases of economic liberalization,

the overall scenarioc of media in India has

changed tremendously. The images of the

various sections of society, which are constantly
beamed on television through advertisements,

tend to have a deep influence upon the

perception of society towards the role and

identity of women. Ultimately, products are

related to people’s personal happiness, and

social success, consequently, commodities are

not only satisfiers of needs *!R

communicators of meaning.

In this age of openiu
economy to global market forces :

on the logic of what sells best afd %

quickest, it is no wonder that wo

girls have become the most import:
media and for the advertiseme
particular. As Sheelan says *
have effects on consumers,
consumers, but only if consumers ¢
at advertisements” The function o
advertising is to express feelings,

describe| or

inform and persuade,

Advertising language can ei
prescribed path of advertising cli
the freedom to “deviate from it
rules of the language itself”. Lang
with socio cultural senses and interg
is far from having a passive functios

such as just reflecting the social

"

Language is not a transpare
meanings “ ,rather it is “ a
imposes its own constraints on

which is constructed . Gene

language tends to be more formal thae
language. This brings me to anothq' pe
of print

advertising language

language used in the advertisem
mixture of spoken and written patt
. Within advertisements, we

Ianguage,;tﬁat l&tharly written to ﬁe n

language “
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Phen. like logos. At the same time, we also
Fnsthm: are typical of spoken language and
b intended to represent spoken language.
nr language reflects or shapes ideas and
hs in society is a complex issue to explore.
}& importance of language is clearly not
:fa mirror that reflects reality. Rather it
s
tions of the world.

to impose structure on our

Language seems to play both roles in
r. It holds the key to challenging and
m male hegemony. The role of images in
hing is to display a human context which
bmeanings from the product, and it is for
? reason that the majority, if not all
;ernents, contain images of persons,
: young people. Language , gender and
rare closely interwoven terms. Instead of
[  being
iteristic of an individuals psyche, it is

viewed as an essential
Inod as a thoroughly social construct, one
| produced by language and discourse.
be. a product of society, is considered to
signiﬁcant rale in human interaction, the
| being, language zand society are an
pven textura. Language has an impact on
e view the world, it therefore “affects the
&l
juently,

mEg scociety,
jchanges in the way we see and think, it is

conditions of women’s lives.

language “rather than simply

actually brings about and

in knowledge thzt language in general

reflects and reinforces men’s power and
authority, and at the same time maintains
negative images about women. Concerning

language , women and men may adopt different
characteristics when speaking to each other, and
many factors such as power and social status
play a significant role in defining the choice of

language as well as intensifying these

differences. These differences at the level of the
linguistic form take place in the speech system
of almost zll societies, in developing and under
developed countries, alike both in tradition and

modern societies.

Finally the language and discourse of

advertising remain crucial to understanding the
objective of advertising as well as the social and

cultural dimentions wused to zchieve and

influence audiences. However, the role of the
language of gender is very important to clarify
the language used in advertising and the impact

it has on women and mean.

Advertising texts are of great value for

the analysis from linguistic, saciological,

sociolinguistic, psychological, ethnologic and last
but not least marketing point of view. Linguists

are interested in language wused in the

advertisement, and marketing experts are

interested in finding the tricks on how to make
advertising more effective. English enables the
creatcrs of advertisements to use word puns,
figurative language a%ﬁfm\individual styles

[FLRNY

AN 2\
and types of texts. ﬂi@v/e’rtisi@"‘.’uhifies language,

i
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pictures, music: it contains information, invokes
emotions and imaginations. Above all, it has a
social and practical aim. As a genre, it seems
much diversified. Various aspects and forms of
advertising discourse can be seen as a part of
the study. There are many forms such as
television, billboards, radio , mobile phones,
etc., These are traditional forms of advertising.
The latest trend is internet advertising, various
sponsored links, paid advertising on specific
websites and social networking advertising are a
few to mention. Advertising can sometimes give

a negative impact and may turn dangerous.

Today every Indian youth is straddling
tradition and modernity all the time. While it is
fairly western in its outlook towards life, it is
firmly rooted in Indianness in the heart. Also,
Indians have a way of “indianizing” all things

western. The strategic thought behind the

concept is that when Indians see anything

The

same is true of Indian ads also., which is in for

international, they give it a ‘desi’ twist.

some exciting and creétive times as a wave of
new thinking is blowing over the industry. Indian
brands are now on a global playing field. India’s
economic growth is having a positive impact on
world economy and the advertising business.
The major as well as preferred language used
previously in advertising was English, the
importance of which has still not diminished:
rather, the the and

advent of internet

globalization has only strengthened it. However,

very slowly but steadily, Hindi has becom
new power language. It nolonger M
Glo

English as its archrival.

changed the equation and chemistry
the two languages. It is perhaps the
Get One Free” syndrome that the two
enjoy in India. In fact, English and
come closer and they deliver ‘just
Right from | D=
‘Banaye Ander Se Strong’ to Coke's ‘&
Aisi’, it is this ‘winning blend’ which has

they work in tandem.

£

a new mantra in social acceptance, m

success.
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ABSTRACT

The occurrence of zoonotic parasites in edible fish are been used to consume
daily by the local fisher man families and rural area people collected from the different
fresh waters resources like lakes and ponds etc. The presenting results from a survey
of helminth parasites of fishes in present investigation was undertaken between July
2009 and April 2011 with an aim to study the helminth parasites associated with
different freshwater fishes collected from various places of Tenali Town, Guntur
District and Andhra Pradesh. Infection of helminth parasites in freshwater fishes in
relation to environmental factors. Fish samples were collected from in and around the
Tenali town examined for helminth parasites included three classes i.e. Cestode,
Trematode and Nematode. During the present study 343 fishes were examined, in
which 11 fishes were infected with six helminth parasites (trematodes), two nematodes
and two acanthocephalones. Present studies are helpful for the status of diversity of
helminth parasites.

Key words: zoonotic parasites, helminth parasites, trematodes, nematode.
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INTRODUCTION

Human activities and natural disasters like earthquakes, floods etc... increased
day by day which alarmed the environmental destruction (Knap and Rusyn (2016)).
Ecological conditions are being continuously changed results of novel species
appearance and ancient might be disappear due to this reason systematic study would
be complex to identify the newly formed species characteristics led foundation for the
biodiversity studies to initiate significance research findings (Chu and Karr (2017)).
Studies and research progress to conduct fauna distribution of species worldwide. As
parasites lifestyle has been incredibly successful in the history of life on earth, the
efforts and inquisitive talents of parasitologists can make the biodiversity research
quite fascinating and appealing (Khurshid Ahmad Tariq (2020)).

In the present study a total of six varieties of fishes were examined for the
various metazoan parasites of which total of ten species have been collected and have
been concisely listed and described, of these parasites, a digenean, Clinostomum
gideoni from Anabas, Euclinostomum from Channa punctatus, Genarchopsis goppo
from Channa punctatus, Genarchopsis faruquis from Mastacembelus armatus,
Allocreadium handiai from Channa punctatus, Haplorchoides macrones from Labeo
rohita, Camallanus unispiculus from Channa punctatus, Paracamallanus from
Channa punctatus, Pallisentis ophiocephali from Channa punctatus, Pallisentis colisai
from Mastacembelus armatus have been described as parasitic species.

Parasites infection and incidence of fresh water fishes has been contributed by a
number of scientists from all over the world. Parasitology of fresh water fishes in India
has a long history of almost a century. Since the first report of Isoparorchis
hypselobagri dates. It is not much difficult to give the information about the digenetic
trematodes of fresh water fishes (Sohn and Na (2018)). Taxonomic work on these

digenetic trematodes has flourished throughout the world.

=
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Fairly extensive amount of literature is available on the Nematodes of the
Camallanidae from the fishes only to varieties of Nematodes are collected from Channa
punctatus belongs to the genus Camallanus and Paracamallanus. However, the vast
amount of literature available from various parts of the world cannot be quoted here
(Shah; Qayoom; Balkhi and Kumar. (2015)).

The spiny headed worms Acanthocephalans are one of the important parasites
of fishes causing serious damage to the hosts. The spiny proboscis of the parasite
attaches to the intestinal villi causing severe pathological changes in the fish.
Enormous work has been reported from the various parts of the world including India.
Only one genera Pallisentis and two species have been collected as adults in fishes
(Gautam et al., 2020). Extensive work has done on Acanthocephalans is available till
now.

The present study on the taxonomy of metazoan parasites of the fresh water
fishes of canals of Krishna River and culture ponds has unveiled the biodiversity of
various parasites from the fishes of this dynamic macro habitat and thus also enabled
to compile a post parasite list. Such type of studies will fill the lacunae in the field of
taxonomy by adding and updating the already existing knowledge with the additional
information gathered and enables to prepare data base of parasites in the hosts.

MATERIALS AND METHODS

Parasite collection: Two hundred parasites in total from two species of edible
imported Channidae (Sp. A) (n = 103) and Bagridae fish (Sp. B) (n = 18) were collected
in McClelland, Michael and Sass, Greg. (2012). for identification in the present study.
Table No-1 provides fish details. Collected parasites were stored in 1.5 mL sterile
Eppendorf® tubes containing 70% ethanol pending morphological/and or molecular
identification in the present study. “Any information which may lead to the

identification of an included country has been omitted from the manuscript, auxiliary

or citations.”
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Parasite preparation: Preparation of parasites for morphological examination were
according to each morphotype and followed methods described in Table No-1. For
molecular study of nematodes, a small piece was excised from the mid-body of a
representative specimen of each larval nematode as described in Shamsi et al., (2008).
The anterior and posterior portion of nematode specimens were slide mounted and
cleared with lactophenol. Digenean specimens were removed from 70% ethanol and
rehydrated with a 50% ethanol and distilled water series before staining with
Semichon’s acetocarmine. Specimens were then dehydrated with a graded ethanol
series (50%, 70%, 80%, 90%, 95% (twice), absolute (twice)), and cleared with xylene
based on the method in Sohn and Na (2018). Cycling time for re/and dehydration was
adjusted according to specimen size. Specimens were slide mounted with Canada

Balsam.

Morphological identification: Selected specimens were studied morphologically and
characteristics of importance, following publications in Table No-2, were Table No-1
Details of fish in the present study measured using an eyepiece micrometre (BX-43
Olympus Microscope, Olympus Corporation, Japan). All measurements are given in
millimetres, unless stated otherwise. The range of measurements are given in the
format of length x width mm or specified as length or width only. Drawings were made
using BX-43 Olympus Microscope, Olympus Corporation, Japan fitted with a drawing
tube. Image capture of specimens was conducted using an Upright Motorized
Microscope ECLIPSE Ni-E, Nikon, Japan. Morphological description is provided for
Isoparorchis sp. and Euclinostomum sp. Due to the poor quality of larval

Eustrongylides specimens, molecular method only was used for identification.
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Table No:1- Information of Collected Fish

Sl.No | Fish ID Number | Country | Packaging Fish details
of fish | of origin | and fish
~length
1 Mastacembelus | 3 India Consumer Primarily
ready but a |freshwater
wide aquaculture
variation of|or
Chana 3 India processing polyculture.
punctatus standards. Considered
Many voracious,
- partially predatory
India eviscerated carnivore of
and with gills | small fish
still and also
remaining. feeds on

Fish frozen in | worms and
single layer | insects.
and Habitat
surrounded includes
with ice. Fish | stagnant or

ranged muddy
between 9 | aquatic
and 12 cm in | environments
length

2 Non- Freshwater
consumer commercial
ready. Fish | species which
uneviscerated | feeds on
with head | crustacea,
and gills | insects, or
present. Fish | plant matter.
frozen in | Habitat
single layer | includes
and freshwater

surrounded lowland

with ice. Fish | basins/rivers.
were
generally
uniform in
size (~6 cm in
length).

Parasite examination and calculations
The prevalence (P), mean intensity (MI), and mean abundance (MA) of the parasites
described in this paper were calculated

following Bush et al., (1997)

\ V)L;\\ ) - ~ //
IJCRT2207215 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org”|o4633~




www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 7 July 2022 | ISSN: 2320-2882

P= (Number of infected fish /Total number of examined fish) x100;
MI = (Number of parasites/Number of infected hosts);
List and number of zoonotic parasites identified from imported fish Species A & B.
RESULT AND DISCUSSION

A total of 10 parasites species were found in 6 fish species namely Channa
punctatus, Catla catla, Labeo rohita, Cirrhina, mrigala, Anabas, Mastacembelus
armatus. A total of 343 fish samples were examined for parasites. A total of 10 were
observed parasites.

Table No: 2 Name of the Fish and Number of Fish with parasite

S.N | Date Name of the Fish | Name of | Number
O and Number of|the of
Fish Parasite Parasite
s
Collecte
d
26 19.7.201 | Catla catla---4 Nil Nil
0 Anabas---4
27 Labeo rohita---4 Nil Nil
3.8.2010 | Channa
28 punctatus---4 Nil Nil
23.8.201 | Mastacembelus
29 0 armatus---5 Nil Nil
Channa
30 20.9.201 | puntatus---4 Nil Nil
0 Catla catla---4
3 Labeo rohita---4 Nil Nil
19.10.20 | Mastacembelus
32 10 armatus---3 Unidentifie

Labeo rohita---5 |d
33 4.11.201 | Cirrhina mrigala- | Nematode |1

0 --5 cyst-
Channa Larval
12.11.20 | punctatus---5 stage.
10 Mastacembelus--- | Trematode |3
34 3 s
11.12.20 | Chana Haplorchoi | 1
35 10 punctatus---3 des
Cirrhina mrigala- | Unidentifie
--3 d 2
36 Labeo rohita---5 | Nematode
Channa cyst-larval
20.12.20 | punctatus---11 stage.
10 Anabas---3 Tramatode
37 Channa Allocreadi
22.1.201 | punctatus---10 um
38 1 Mastacembelus handiai
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armatus---4 Trematode | 1
39 Channa Euclinosto
29.1.201 | punctatus---5 mum 1
38 1 Channa Trematode
punctatus---10 Genarchop | Nil
39 Mastacembelus sis
armatus---4 faruquis 1
40 14.2.201 | Labeo rohita---2 Nematode
41 1 Catla catla---4 Paracamall | Nil
42 Labeo rohita---4 anus Nil
43 23.2.201 | Mastacembelus Acanthoce | Nil
44 1 armatus---4 phalan - Nil
45 Labeo rohita---2 Pallisentis | Nil
46 7.3.2011 | Catla catla ---4 ophioceph | Nil
47 Labeo rohita---4 ali Nil
23.2.201 | Cirrhina mrigala - | Pallisentis | Nil
1 -4 colisai Nil

Labeo rohita---2 Nil
7.3.2011 | Cirrhina mrigala- | Pallisentis

-3 colisai
15.3.201 | Catla catla---3 Nil
1 Catla catla ---4 Nil
22.3.201 | Labeo rohita---4 Nil
1 Cirrhina mrigala- | Nil
28.3.201 | --3 Nil
1 Catla catla---2 Nil
29.3.201 | Labeo rohita---4 | Nil
1 Cirrhina mrigala- | Nil
442011 |--3 Nil

7.4.2011 | Labeo rohita---4
8.4.2011 | Catla catla---5
9.4.2011 | Cirrhina mrigala-
--6

Table No:3 NAME AND NUMBER OF FISH HOSTS EXAMINED

S.NO | Name of the | No. of fishes | No. of
host examined fishes
infected
1 Channa 51 + 52 |2+4=6
2 punctatus =103 Nil
3 Catla catla 26 +26 =52 |1
4 Labeo rohita 34 + 38 =72 | Nil
5 Cirrhina 46 + 27 =73 |1
6 mrigala I1+7=18 . |3
Anabas 6+ 19 =25
Mastacembelus
armatus
343 11
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Table No: 4. LIST OF PARASITS COLLECTED

S. |[Name of the|Name of the|No. of
No | Fish Parasite Parasites
Collected
1 Anabas Clinostomum 3
2 Channa gideoni
punctatus Genarchopsis 2
3 Channa goppo
punctatus Camallanus 3
4 Channa unispiculus
punctatus Allocreadium 2
5 Channa handiai
punctatus Euclinostomum | 2
6 Channa Para
punctatus camallanus 1
¥ Labeo rohita Haplorchoides
8 Mastacembelus | macrons 3
armatus Genarchopsis
9 Channa faruquis 3
punctatus Pallisentis
10 | Mastacembelus | ophiocephali 1
armatus Pallisentis
colisai 1

In the course of routine examination 343 fish species belonging to 22 genera, 5 orders,

7 families found in different localities of around Tenali, Guntur District Andhra

Pradesh, were studied for helminth parasites. Out of which only 10 species of fish were

found to infect with list of parasites information given in the Table No: 4.

1. Metacercaria Clinostomum Gideoni Bhalerao'1942: (Fig: 1).

2. Metacercaria Euclinostomum (Rud, 1809) (Fig: 2).

3. Genarchopsis goppo (Ozaki, 1925): (Fig: 3).

4. Genarchopsis faruquis Gupta, 1951: (Fig: 4).

5. Allocreadium handiai pande, 1937: (Fig:5).

6. Haplorchoides macrones (Dayal, 1949) Yamaguti, 1958: (Fig:6).

7. Nematoda Camallanus unispiculus khera, 1956: (Fig: 7).

8. Paracamallanus: (Fig: 8).

10. Paracamallanus (Fig: 10)
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METACERCARIA CLINOSTOMUM GIDEONI BHALERAO'1942
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1
ALLOCREADIUM HANDIAI PANDE, 1937
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METACERCARIA EUCLINOSTOMUM (Rud,1809)

Travossos, 1928
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Fig-3
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GENARCHOPSIS GOPPO (OZAKI,1925)

Fig-4
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GENARCHOPSIS FARUQUIS GUPTA, 1951

Fig-5
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HAPLORCHOIDES MACRONES (DAYAL, 1949) YAMAGUTI, 1958

Fig-6
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ACANTHOCEPHALA
PALLISENTIS OPHIOCEPHALI (THAPAR, 1930)
BAYLISS, 1933
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PALLISENTIS COLISAI - SARKAR, 1954

Fig-8
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NEMATODA
CAMALLANUS UNISPICULUS KHERA, 1956
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Fig-9
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PARACAMALLANUS

Fig-10

The survey was carried out with 343 freshwater fishes in which Channa

punctatus, Catla catla, Labeo rohita, Cirrhina mrigala, and Anabas and Masta cembelus

S

armatus from various places of Tenali town in and around (Jyrwa, Donald (2016). Out of
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which total seven genera are found, out of them four from cestode (Balai et al., 2017).
During the present investigation the high rate of infection of trematode found as
compare to nematode parasites. The values for the incidence, intensity, density of
infection in Table No-1 whereas the Table No-2 shows influence of season on parasitic
infection of helminth parasites from freshwater fishes. In the summer and autumn
season high rate of infection takes place and also the diversity of parasites and
increased trematode population can be seen when compared to nematode (CDC
(2019)). The infective stages would attack in the summer and the growth and
maturation takes place in during autumn and winter seasons (Burrell et al., 2017).
The factors which affect the distribution and environment of the host diet and mode of
feeding, often play important role to limit the parasite (Kolodziej-Sobociriska, M.
(2019)). Eggs hatching is favorable in the summer season because the temperature and
enhances the rate of parasites production but in the case of rainy season found low
infection rate (Short et al., 2017).

According to the environmental conditions parasites are get diversified and
differentiated or specific differentiation and phylogenetic development as free living
animals. The wide external environment surrounding causes the differences but host
also acting as the environment (Chang et al., (2019)). The latter produces stimuli which
promote further development. Parasites differentiation depends on their host
surrounding environment (Muche, et al., 2022). Parasites inhabiting the host
organism, in which they form a certain aggregation, the parasitofauna (Tad et al.,
2019). Parasitofauna depend upon Ecological parasitology to study the whole changes
in the external conditions surrounding the host and on changes in the physiological
state of the host (Carlos Rauquea et al., 2018).

Morphological, physiological and ecological factors play important role in the host
specificity and parasites are site specific probably derive certain nutrients fmm_ILxe

// * JA .,.r
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organs (Vanessa Zuzarte-Luis, Maria Mota, (2018)). This needs further inv, fi‘ atlo}t?g \
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establish the reasons for organ specificity. Host and parasite organ specificity depends

on ecological surroundings of host (Muhammad Moosa Abro et al., 2019).

During this study different variations observed in parasitic infection at different
sampling stations. Fish was heavily infected with the cestode and nematode while the
other parasites occurred in low numbers or absent (Larry I Lutwick (2019)). Similar
results found with fish collected in Aurangabad heavily infected by the cestode
parasites (Deshmukh, Shaziya and Gaikwad, (2019)). The variations can be attributed
to changes in physico-chemical parameters or variation in food habits of the host (Di
Renzo et al., 2020). Fish from more polluted water tend to harbour more helminth
parasites than those from less polluted waters (Jasrotia, et al.,, 2017). Factors
determining the variety of parasite fauna the diet of the host, lifespan of the host, the
mobility of the host throughout its life including the variety of habitats it encounters,
its population density and the size attained, large hosts provide more habitats suitable
for parasites (Scholz et al., 2018). Parasites cause diseases and affect the health and
reproduction, leads to observable symptoms are fall easy prey to predators and some
infect man (Rashid et al., 2019). Economic losses occur due to parasites epidemics and
mortalities (Narladkar, B.W. (2018)). The purpose of this survey was to estimate the
present status of parasite incidence in this region and to provide parasitologic and

epidemiologic information (Jaywant Shivajirao Dhole et al., 2020).

CONCLUSION: The Two-year duration the survey had been conducted in the Tenali in
and around area fresh water resources. Where that fresh water fishes collected from
various ponds, lakes and canals Krishna canals were taken as a source of wide range
of parasites especially the helminth parasites. The study was established A total of
seven 10 parasites species were found in 6 fish species namely Channa punctatus,

Catla catla, Labeo rohita, Cirrhina, mrigala, Anabas, Mastacembelus armatus. A,J:otal

of 343 fish samples were examined for parasites. A total of 10 were observed/ a;ras esr

U;f
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This study thus highlights on the details of therefore is, the only one that has given
some details on the endoparasitic organisms infecting freshwater fish species. Due to
seasonal variation generally parasite infection, variation in intensity of infection,
variation in parasite fauna with the diet of the host, variation in infection with the
habitat type.
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ARTICLE INFO ABSTRACT

Keywords: Three Co(II) complexes [Co(Ly) (1), [Co(Lz) H20] II), and [Co(L3) H20] 1(I1), where L1H is 2-(2-Hydroxy-5-Bromo
Schiff bases Benzylidine) Hydrazine N-Methyl Carbo-Thioamide, 1,H is 2-(2-Hydroxy-5-Chloro Benzylidine) Hydrazine N-Methyl
g‘;;a‘bgzz’iﬁlms Carbo-Thioamide and LsH is 2-(2-Hydroxy-Phenylethylidine) Hydragine N-Methyl Carbo-Thioamide were synthesized
= a:g and spectroscopically characterized using FT-IR, UV-Drs, 'H NMR, '3C NMR, ESI Mass, TGA, Magnetic suscep-

tibility values. Based on these values a tetrahedral geometry is proposed for all the complexes. The DNA binding
studies against calf thymus DNA (CT DNA) revealed an intercalative mode of binding has existed between DNA
and metal complex and also metal complexes can cleave the supercoiled pBR 322 DNA effectively. The Schiff
bases and metal complexes were also examined for antimicrobial studies against bacterial species of two gram-
positive and two gram- negative strains and also two fungal strains and observed that complexes showed better
activity than a free ligand. Further, the cytotoxic activity of synthesized compounds has been done using MTT

Cytotoxicity, antimicrobial

assay and found that complexes acted as good anticancer agents against both MCF7 and HeLa cell lines.

1. Introduction

In the investigation of anticancer drugs, DNA plays a vital role as it is
the genetic material [1]. The drugs effects the cell growth, replication
and transcription process and so that it can interfere with protein syn-
thesis. Generally, Platinum-based drugs are the most commonly used
anticancer drugs and are widely studied. Since they possess severe side
effects, there is an extreme need for the invention of the most effective
alternate metal-based DNA binding agents that possess low side effects
[2]. There are several examples that metal complexes can act as good
DNA cleavage agents [3]. Usage of Cobalt metal complexes as antitumor
drugs leads to lower side toxicity and is more vital compared to other
analogous compounds [4], further studies on Co metal revealed that
they are having variety of applications and easy formation procedures
[5-7].

“Metal complexes with Schiff base ligands have a wide range of
biological applications in different fields as it contains azomethine
linkage which provides an opportunity for biological activities” [8-10].
Thiosemicarbazone derivatives proved to be more potent in various
applications  [11,12].  “Thiosemicarbazone  derivatives  with
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salicylaldehyde possess excellent pharmacological activities like anti-
inflammatory, anti-cancer, anti-microbial, anti-HIV and also pesticides
and insecticidal activities” [13,14]. Recently we have communicated
synthesis, characterization, cytotoxicity, DNA binding, incision and
anti-microbial activities of N-Methyl thio semi carbazide schiff base
metal complexes [15,16]. Given above, we are focussing on a simple
drugs which binds DNA effectively with more curative power and
minimum side effects. The present research discusses on synthesis,
characterization, DNA binding and cleavage, cytotoxicity, antibacterial
and antifungal activities of Co (II) metal complexes of Schiff bases of N-
Methyl thiosemicarbazide.

2. Procedure
2.1. Synthesis

2.1.1. Synthesis of Schiff base ligands

The Schiff's base ligands have been synthesized by adding meth-
anolic solution of (40 ml) N-Methyl Thiosemicarbazide (2.10 g, 0.02
mol) and a few drops of sulphuric acid was to a Methanolic solution of 5-
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X C- el H
R e aE e
+ Y ICH;
OH d

Substituted Carbonyl compound
[X=H, Cl, Br; R=H, CH; ]

N-Methyl thiosemicarbazide

Reflux, 3 h MeOH

Schiff Base ligand

Reflux, 2-5h CoCly . 6H,0

OH,
Co(II) Complex

Scheme 1. Schematic route for the preparation of Schiff bases and their Co (II)
metal complexes.

Bromo Salicyladehyde (4.02 g, 0.02 mol), 5-Chloro Salicyladehyde
(3.13 g, 0.02 mol), o-hydroxy acetophenone to get L;, Ly, L respec-
tively. The resultant mixture was refluxed for 3 h; the resulting solid
product was isolated by filtration and recrystallized from methanol.

2.1.1.1. (2Z)-2-(2-Hydroxy-5-Bromo Benzylidine) Hydrazine N-Methyl
Carbo-Thioamide (L;). Yield 84 %; ESI-MS (DMSO): m/z = 286
(caled.286) [M] T; IR (KBr, em™1): 1627(C=N), 1475(C=C), 1654(-CH
= N), 3275(-NH), 3390(-OH);

Anal. Cale. (CoH 13N 308Br): C, 37.6; H, 3.80; N, 14.51. Found: C,
37.3; H, 3.72; N, 14.4.

H! NMR (400 MHz, CDCl3, ppm): 8.3 (d, H¢; 1H), 8.0 (d, Hg; 1H), 8.6
(s, Hf; 1H), 11.5 (s, -OH; 1H), 7.2(s, -NH,; 1H), 6.8 (s, -NHp; 1H), 10.2(s,
CH = N; 1H), 3.0(s, —-CHg; 3H).

2.1.1.2. (2Z)-2-(2-Hydroxy-5-Chloro Benzylidine) Hydrazine N-Methyl
Carbo-Thioamide (Ly). Yield 80 %; ESI-MS (DMSO): m/z = 245
(calcd.244) [M + 1].

Anal Calc. (CoH 11N 30SCl): C, 44.2; H, 4.50; N, 17.2. Found: C, 44.3;
H, 4.41; N, 17.5.

H! NMR (400 MHz, CDCls, ppm):8.3 (d, Hg; 1H), 8.0 (d, Hg; 1H), 8.6
(s, Hf; 1H), 11.5 (s, -OH; 1H), 7.3(s, -NHg; 1H), 6.9 (s, -NHp; 1H), 10.3(s,
CH = N; 1H), 3.0(s, -CH3; 3H).

2.1.1.3. (2Z)-2-(2-Hydroxy-Phenylethylidine) Hydrazine N-Methyl Carbo-
Thioamide (L3). Yield 82 %; ESI-MS (DMSO): m/z = 224(calcd.223) [M
+11.

Anal.Cale. (C1oH 13N 308): C, 54.05; H, 5.85; N, 18.91. Found: C,
53.89; H, 5.97; N, 19.01.

H! NMR (400 MHz, CDCls, ppm): 7.2-7.3 (d, Hs 1H), 7.0-7.1(d, Hg;
1H), 7.1-7.2 (d, Hy; 1H), 7.4-7.5(d, Hg 1H), 10.8 (s, -OH; 1H), 6.9-7.0
(s, -NHy 1H), 6.8-6.9 (s, -NHp; 1H), 9.0(s, CH = N; 1H),3.0-3.5 (s,
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—CH3-N; 3H) 2.2-2.5 (s, -CH3-C; 3H).

2.1.2. Synthesis of Co (II) metal complexes

These complexes were prepared by mixing CoCly-6H20 (1 mM) in
MeOH (50 ml) and Schiff bases L, L, and L3 (1 mM) in 15 ml methanol
in 1:1 ratio to get complex-I, complex-II and complex-III respectively.
The resultant mixed solutions were refluxed for 2-5 h at 70-80 °C. The
products were separated and washed with ethanol and dried in a vac-
uum. (Scheme.1).

Yield 82 %; ESI-MS (DMSO): m/z = 400(calcd.361) [M + K] * [Co
(L;) Ho0].

Anal.Calc. (Cg Hy2 N3 O3 S Br Co): C, 29.90; H, 3.32; N, 11.63; Co,
16.31. Found: C, 29.70; H, 3.20; N, 11.8; Co, 16.5.

Yield 80 %; ESI-MS (DMSO): m/z = 341(calcd.318) [M + Na] © [Co
(L2) H,0].

Anal.Calc. (Co Hy2 N3 O2 S Cl Co): C, 33.90; H, 3.72; N, 13.23; Co,
18.51. Found: C, 33.80; H, 3.80; N, 13.31; Co, 18.40.

Yield 75 %; ESI-MS (DMSO): m/z = 337(calcd.298) [M + K] * [Co
(L3) H20].

Anal.Calc. (C1o Hi4 N3 O3 S Co): C, 40.26; H, 4.69; N, 14.09; Co,
19.46. Found: C, 40.54; H, 4.99; N, 14.56; Co, 19.32.

Materials and instrumentation are listed in supplementary material.

2.2. DNA binding studies

2.2.1. Electron absorption studies

“Electron Absorption spectroscopy is one efficient technique for
evaluating the DNA binding nature of synthesized metal complexes”
[17]. Test compounds were dissolved in DMSO and make up the solution
with TAE buffer (40 mM tris base, 20 mM acetic acid and 1 mM EDTA).
“UV absorbance DNA in buffer solution gave a ratio of 1.8-1.9 / 1 at 260
and 280 nm indicating DNA was free from the protein and also con-
centration of DNA was evaluated by its known molar extinction coeffi-
cient of 6600 M ? cm ! at 260 nm” [18].

The intrinsic binding constant (Kp) of complexes with DNA were
obtained by controlling the changes in absorbance at their respective
MLCT band. Complex concentration is fixed at 10 uM while nucleotide is
varied from 0 to 10 pM. The absorbance of CT-DNA was deleted by
giving equal amounts of DNA solution to the complex and reference
solution. “The binding strength can be known quantitatively by using
the following equation.

[DNA] / (€,-Ef) = [DNA] / (Ex-Ep) + 1/ Ky (Ep-Ep).

where £, £, &y, are the compound with DNA, alone compound and fully
bound DNA with compound respectively” [19].
Ky is given by the ratio of the slope to the intercept.

2.2.2. Fluorescence quenching studies

The EtBr displacement method was carried out in a TAE buffer to
determine the binding affinity between DNA and complex on fluores-
cence spectrometry by changing the concentration of the metal com-
plexes from 0 to 60 ym and maintaining the concentration of EB-bound
DNA as constant (1: 10 ratio of EtBr and CT-DNA). “The effect of the
metal complex on the emission intensity of the EB bound CT-DNA was
recorded in the range of 520-700 nm where excitation wavelength was
set at 510 nm” [20]. The quenching efficiency can be determined by
using the Stern-Volmer equation [21].

[Ql.

Ip and I are emission intensity in the absence and the presence of
compound respectively. 5
[Q] is the concentration of the compound. -

2.2.3. Viscosity studies JEF s
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Table 1
IR spectra data of the Schiff bases and their complexes.
compound OH/H,0 C=N =S CH=N -NH M-0 M-N M-S
L, 3390 1552 1267 1606 3275 - - -
Complex-I 3383 1548 - 1608 - 576 472 374
Ly 3394 1554 1267 1600 3259 - - -
Complex-IT 3552 1548 - 1608 576 472 364
Ly 3307 1566 1267 1598 3091 - - -
Complex-III 3215 1525 iz 1604 - 561 478 341
Table 2 20 oM
Mass spectra data of the Schiff bases their complexes.
complex Obtained mass Caled.Mass Peak assigned
Ly 286 286 ]+
Complex-I 400 361 M + K]' >
Lz 245 244 M+1] =
Complex-11 341 318 M + Na]* 2
s 224 223 M+1] =
Complex-II1 337 298 M+ K]* ,g
=
Table 3
ICs values of the Schiff bases their complexes.
compound 1ICs values (uM) L1 Complex-1 L2 Complex-Il L3 Complex-lll
MCF7 Hela Concentration of the complexes
L, 54.8 62.98 Fig. 2. Effect on the cell viability of MCF7cell lines on increasing the concen-
Complex-I 47.73 3393 tration of the Schiff base and their complexes.
L2 50.56 55.80
Complex-I1 42,78 44.81
Ls 52.48 53.6 following equations,
Complex-ITT 44.77 46.81
Cisplatin 41.36 29.34 n=(t—t)/t
n" = (t—1t)/t
B 20 \M to = Flow time of the buffer solution alone,
. 40 M : i
u“ ! t = Flow time of DNA solution in the absence of complex,
t; = Flow time of DNA solution in the presence of the complex.

% of cell viability

L1 Complex-| L2
Concentration of the complexes

Complex-I1 L3

Complex-ili

Fig. 1. Effect on the cell viability of HeLa cell lines on increasing the concen-
tration of the Schiff base and their complexes.

concentration of the CT-DNA constant at 200 pM and varying the
complex concentrations from 0 to 200 pM. In these experiments, Ost-
wald capillary Viscometer immersed in a thermostatic water bath
maintained at 30.0 + 0.1 °C using the TAE buffer (40 mM Tris-acetate, 1
mM EDTA) solution of pH 7.2 [22].

The flow time of test samples in TAE buffer was measured with a
digital timer, and each experiment was carried out at least three times to
get accuracy, and an average flow time was calculated. Data obtained is
plotted between (n/ng)'/® vs [Co (L) Ha0] / [DNA], where 1 and 1 are
the viscosity of CT-DNA in the presence of complex solution and alone in
TAE buffer respectively. ‘n" and ‘ng’ were calculated by using the

2.3. DNA cleavage

Gel electrophoresis technique was used to know the DNA cleavage
efficiency of all the complexes which was performed by treating the
supercoiled pBR322 DNA with variable concentrations of metal (II)
complexes in the presence of HyO» (Oxidative cleavage) and UV light
(Photolytic cleavage) and followed by dilution with Tris-HCl / NaCl
buffer (5: 50 mM, pH 7.2). Then mixed samples were incubated for 2 h at
37 °C and followed by mixing with bromophenol blue (2 pL). Later,
loaded the mixed samples (10 pL out of 16 pL) in the wells of 1 % agarose
gel which was placed in TAE buffer (pH 8.0) containing tray, then
subjected to electrophoresis for 45 min at 70 V. Once an electric field is
applied across the gel, the DNA which is negatively charged at neutral
pH slowly migrates towards the anode. The resulting gel was stained
with Ethidium bromide before the images were taken under UV light
using a Bio-Rad Gel documentation system [23].

2.4. In vitro cytotoxicity

The cytotoxic activity of Schiff bases and metal complexes were
examined on HeLa & MCF?7 cells using colorimetric 3-(4, 5-dimethylth-
iazole-2-yl)-2, 5-biphenyl tetrazolium bromide (MTT) assay. MTT
technique based on colorimetry, that measures the reduction of yellow
3-(4, 5-dimethylthiazol- 2-yl)-2, 5-diphenyl tetrazolium bromide (MTT)
by mitochondrial succinate dehydrogenase. i

_.---'--_‘
deghiged
A\

The cytotoxic activity of metal comp }ies W
complex in the concentration in the rangg' 8
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Fig. 3. UV-absorption spectra of Ligands and their complexes in the absence (dashed line) and presence of CT-DNA in Tris ~HCl buffer. [Complex] = 10 pM, [DNA]
= 0-10 pM. Arrow mark shows the change in absorbance upon increasing the concentration of DNA. Inset: linear plots of [DNA] / (€,-E¢) vs [DNA].

lines were cultivated in DMEM with 10 % fetal bovine serum in 96 well
plates for 24 h followed by treating with different concentrations of test
compounds in represented wells in 96 plates. After 48 h of incubation,
the cells were washed twice with buffer solution and exposed to freshly
prepared MTT solution (0.5 mg/ml in phosphate buffer solution)
allowed to incubate at 37 °C for 4 h. The formazan crystals obtained by
MTT incubation were dissolved in DMSO and measured for optical
density at 570 nm on a microplate reader [24]. The percentage of
growth inhibition was calculated using the following formula.

% of Inhibition = 100(Control-Treatment) / Control.

2.5. Anti-microbial activity

In-vitro antimicrobial activity of both Schiff bases and Co (II) com-
plexes were evaluated by paper disc method against bacteria Bacillus
Subtilis, Streptococcus Aureus (gram-positive bacteria) and Escherichia
Coli, Pseudomonas Aeruginosa (gram-negative bacteria) and fungi Fusa-
rium Oxysporium Lycopersicum and Fusarium recini using penicillin and
ketoconazole as standard drugs for antibacterial and antifungal respec-
tively. 5 mg of each sample was dissolved in DMSO to get a stock so-
lution of 500 pg / ml. Cultures of tested microbes were maintained in
nutrient agar media and then transferred to Petri dishes before testing
[25,26]. All the test compounds were impregnated on the paper discs
and incubated at 37 °C for 48 h. The zone of inhibition was measured in
mm [27].

3. Result and discussion
3.1. Characterisation of ligands and its metal complexes

3.1.1. NMR spectra

The result of the H! NMR Spectra of Schiff base ligands confirms their
formation which exhibits a signal at 6 10.8-11.5 corresponding to the
phenolic OH group. The signal at § 9.0-10.3 attributes to azomethyl
protan. The multiplets of strong bands in the zone of § 8.0-8.6 corre-
spond to the protons of the benzene ring. And also the peaks of protons
for -NH group were observed at § 6.8- § 7.2.

The *C NMR Spectra also revealed the expected number of peaks
which corresponds to the presence of various kinds of carbon atoms
present in the ligands. The spectrum consists of a strong band at
178-179 ppm which is assigned to the C=S group. The signal for azo-
methine carbon was obtained at § 155-158 ppm. The carbons of the
aromatic ring showed signals in the region of 6 110-140 ppm and the
intense peak of methyl carbon showed at 4 40 ppm. (Fig. s1 - Fig. s6).

3.1.2. FTIR spectra

On comparison of FTIR spectra of ligands and complexes, free ligands
exhibited bands at 3307-3394 cm ™, due to phenolic OH found to be
absent confirms co-ordination of this group to metal centre. And also the
bands at 1552-1566 cm ™, and 1267 cm™ by azomethine nitrogen and
thioketo sulfur were found to be altered in the spectra of metal com-
pounds, implying their coordination in the complex formation. More-
over, the appearance of moderate potent v (Co-0), v (Co-N), and v (Co-
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Fig. 4. Fluorescence emission spectra of EB bound DNA in the absence (dashed line) and presence of Schiff bases and their complexes. [EB] = 12.5 uM, [DNA] = 125
uM, [compound] = 0-60 uM. The arrow mark shows the change in intensity upon increasing the concentration. Inset: (I, / I) vs T.
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Fig. 5. Effect of enhancing amounts of EB, Complexes I, II, Il and Schiff bases
Ly, Ly, Ly, on the relative viscosity of CT-DNA at 30 = 0.1 °C.

sc DNA
[Co(Il) complex] ——— g [Co(Il) complex]-sc DNA

H0,

0,
NCDNA  <«—— {OH }=—— [Co(I) complex]-sc DNA

Scheme 2. Schematic route for the Mechanism of DNA cleavage in presence
of HpOs,

em ™! respectively indicated the complex existence [28]. In the spectra of
all the complexes the band corresponding to v (NH) was found to be
absent and also new band observed for v (C-S) at 727-767 cm ™!
revealing that the co-ordination occurs through thiolate sulpher after
enolization and deprotanation. The FTIR spectral results of prepared
compounds are listed in Table.1 (Fig. s7 - Fig. s12).

3.1.3. Mass spectra

Mass spectral results for prepared compounds were given in Table.2.
Calculated mass values for the compounds were in good agreement with
the obtained mass values indicating the formation of prepared
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Form-ll
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Fig. 6. Oxidative cleavage of supercoiled pBR 322 DNA at 37 °C in 5 mm Tris HCl / NaCl buffer by the Schiff bases and Complexes. Lane 1: DNA control; Lane 2:
DNA + H30; (1 mM); Lane 3: DNA + Hy0; (1 mM) + L; (60 uM); Lane 4: DNA + H05 (1 mM) + L, (60 pM); Lane 5: DNA + H,0 (1 mM) + L3 (60 pM); Lane 6: DNA
+ H202 (1 mM) + Complex -1 (60 uM); Lane 7: DNA + H,0, (1 mM) + Complex -II (60 pM); Lane 8: DNA + H;0; (1 mM) + Complex -III (60 pM).

Form-lI

Form-1

Fig. 7. Photolytic cleavage of super coiled pBR 322 DNA at 37 °C in 5 mm Tris HCl / NaCl buffer by the Schiff bases and Complexes using UV irradiation of 365 nm.
Lane 1: DNA control; Lane 2: DNA + L, (60 uM); Lane 3: DNA + L; (60 pM); Lane 4: DNA + L3 (60 uM); Lane 5: DNA + Complex -I (60 yM); Lane 6: DNA + Complex

~11 (60 pM); Lane 7: DNA + Complex ~III (60 jM).
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Fig. 8. Zone of inhibition values of Schiff bases and their complexes against
bacterial strains.

compounds (Fig. s13 to Fig. s18).

3.1.4. UV-Drs spectra

The electronic spectral data gives information regarding the shape of
metal complexes. The diffuse reflectance spectrum of metal compounds
showed bands in the region of 200 to 400 nm, indicating the charge
transfer transitions and also Complexes showed bands assigned to v,
[4A28 F) - “Tls (F)] in the region of 500-700 nm indicating its tetra-
hedral geometry [29]. On the other hand, ligand shows peaks in the
region of 200-400 nm which are assigned to INCT transitions (Fig.s19-
Fig. s24).

TGA analysis is given in supplementary material.

B F.O Lycopersicum

Zone of inhibition in mm

L2 Complex-Ii
name of compound

L1 Complex-I L3 Complex-lll std

Fig. 9. Zone of inhibition values of Schiff bases and their complexes against
fungal strains.

3.2. Biological activity of Schiff bases and their Co (II) metal complexe

3.2.1. Solubility

Ligands are soluble in methanol whereas complexes are soluble in
DMSO but both are insoluble in water. All the compounds are stable at
room temperature.

3.2.2. Cytotoxicity
Cancer is the most widespread disease in the world. So the research

for the novel compounds that kills cancer cells selectively is still needed
due to the side effects of current chemotherapeutics.

Because of the above, the study of the cytotoxic activity of all syn-
thesized metal complexes was examined on HeLa &MCF7 cell lines
adopting MTT assay [30], using Cisplatin as a standard. Cytotoxic ac-
tivity of metal complexes depends on capability to intercalate with DNA
leads to its failure of its function [31].

The results were analyzed by ICsq values
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% of inhibition on the tested cell lines in the compound concentration
range of 20-80 uM of the Schiff bases and complexes are given in Fig. 1
& Fig. 2. According to the result as the compound concentration in-
creases, the inhibition of that cell will increase.

From this study, it is to be observed that 11 is found to more capable
than other complexes against MCF7 & Hela cell lines that related to its
binding capability with DNA and results are almost resembles with the
earlier reported drugs but remarkable by their simple synthetic pro-
cedures as they are binary metal complexes [15].

3.2.3. DNA binding studies

3.2.3.1. Electron absorption studies. Electron absorption spectra is
widely accepted technique to know the strength and mode of binding of
complexes with DNA which involves the observing of n-n* transition
absorption band of the complex in the absence and presence of DNA. In
general hypochromism with red shift is due the presence of strong
stacking force between the aromatic chromophore of the complex
molecule and DNA base pairs through non -covalent n-z* interactions
which leads to intercalative mode of binding. To know the binding
strength of the compounds intrinsic binding constant (Ky) values were
calculated [32].

The ky, values for synthesized complexes are determined as 0.9 x 10%,
1.2 x 104, 1.1 x 10%, 4.9 x 10, 0.8 x 10%, 1.7 x 10%, for Ly, I, Ly, TI, Lg,
III respectively which are slightly lower than that of potent intercalators
like ethidium bromide. The intercalation of metal complexes with DNA
was resulting in hypochromic in intensity (6-50 %) and red shift in
wavelength (2-12 nm) indicating the intercalative mode of binding was
existed between the metal complexes and DNA. (Fig. 3).

3.2.3.2. Fluorescence study. Fluorescence experiments were performed
to get proof for an interacting mode of compounds with DNA [10].
Ethidium Bromide is one of the potent fluorescent probes that interca-
late with DNA resulting in the enhancement of the intensity of fluores-
cent spectra due to its strong intercalating ability with DNA base pairs
[11]. By adding metal compounds to EB-DNA, the intensity of fluores-
cent spectra of EB-DNA will reduce owing to the compound aggressive
binding by replacing the bound EB from DNA [33].

The Stern Volmer quenching constant (Kg,) values of all the com-
pounds are found to be in between 0.7 and 3.1 x10? M. The result of
this study is consistent with Electron absorption studies i.e. intercalative
mode of binding has existed (Fig. 4).

3.2.3.3. Viscosity. Viscometric experiments have been done to confirm
the mode of binding of metal compounds with CT- DNA and the most
crucial tests of the binding mode of solution in the unavailability of
crystallographic structural data.

The binding of metal complexes with DNA is sensitive to the viscosity
of DNA in which there is an increase in Viscosity of DNA due to the
separation of base pairs of DNA and extension in the double helix length.
Viscosity measurements of prepared complexes are represented in Fig. 5.

On analyzing the results, it is to be declared that by enhancing the
concentration of complexes the relative viscosity of DNA solution was
increased, further suggesting that, an intercalative mode of binding has
existed between DNA and metal compounds [34].

3.2.4. DNA cleavage activity

The nucleotide incision activity of synthesized complexes with
supercoiled pBR322 has been investigated using oxidative and photo-
lytic cleavage methods by implying the Agarose gel electrophoresis
technique.

Binding of the drug compound to ds circular DNA resulting in the
conversion of the sc form (Form-I) of DNA into nicked circular form
(Form-II) and linear form (Form-III). If incision takes place on the single
strand of the ds circular DNA (SC), it relaxes to form-II (NC), while if

Inorganic Chemistry Communications 145 (2022) 110029

incision takes on both the strands, it relaxes to Form-III (LC). Generally
form-I migrate faster than form-II, which migrates slowly and form-III
migrates in between the SC form and nicked form. Hence, the DNA
incision ability of metal compounds was monitored by studying the
alteration of the SC form into NC form and linear form. Mechanism of
oxidative cleavage is representing in Scheme.2,

The complexes almost showed similar cleavage efficiency except for
the slight variation attributed to the diverse DNA intercalating ability of
the compounds by oxidative and photolytic cleavage methods. In
Oxidative cleavage Lane 1 and Lane 2 have not shown any incision since
they consist only of DNA and DNA + H0, (without complexes)
respectively was indicating the catalytic role of metal compounds in the
DNA incision [35].

From the study, it is to be noticed that metal compounds converted
DNA Form-I to Form-II while the ligands did not show such activity
(Figs. 6 & 7).

3.2.5. Antimicrobial studies

The prepared compounds are tested for their Antimicrobial activity
towards two gram-positive and two gram-negative strains and also two
antifungal strains and depicted in Figs. 8 and 9. The results stated that
the compounds are more active towards the selected strains that are
compatible to standard drug consistent with the cause might be likely
Lipophilicity property [36]. Metal ion improves the liphilic nature of
ligands by involving them in chelation and by increasing delocalization
of p- electrons.

4. Conclusions

Three Schiff bases and their Co (II) complexes have been synthesized
and characterized spectroscopically. DNA intercalation study of the
prepared compounds with DNA revealed that intercalation mode of
binding existed between DNA and complex. Metal complexes also acted
as good cell inhibitors and also complexes can cleave the PBR 322 DNA
efficiently. In addition, metal complexes were act as excellent antimi-
crobial agents. Further, it is to be stated that Metal complexes were more
potent than their respective Schiff bases.
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An exploratory study on free and paid senior citizen
homes in Andhra Pradesh

P Hema Latha and Dr. V Venkateswarlu

Abstract

The major objective of this paper was to know the reasons of elderly to stay in senior citizen homes
both paid and free homes. And to identify their preference stay and aspirations etc. The study was
conducted in six senior citizen homes which were located in different areas of Guntur District. In these
six, three were paid homes and another three were free homes. The data was collected through case
study and interview methods. The findings reveal that differences and adjustment problem with
Daughter-in-law/son, Negligence of family members and poverty, insufficient housing and economic
hardships were some of the reasons for joining in the homes as expressed by the elderly. Financial
autonomy and living with children were the major aspiration of elderly living in paid homes and free
homes along with other aspirations.

Keywords: Elderly, living arrangement, free homes, paid homes

Introductions

Ageing is one of the emerging problems of the world and it is applicable to India also. In the
present era, rapid change is observed everywhere. The biggest challenge of any nation is to
provide essential support services for the growing graying population. With the advancement
in medical technology and improved standard of living automatically the lifespan of
individuals is increased. The trend is bound to increase further in the future years. As per
World Population Prospects: the 2019 Revision_report the number of persons aged 80 years
or above is projected three times, from 143 million in 2019 to 426 million in
2050. According to United Nations projections, by the year 2020, the number of older
persons is expected to increase more than threefold, from 600 million to almost 2 billion.
During the last two decades both the developed and developing countries are facing the
challenges in preparing policies due to the phenomena of population ageing. Even though the
challenge is same, its implications vary in developed, developing and under developed
countries. In the traditional Indian society the old age was not at all a problem. Younger ones
used to give more respect to the elderly. Elderly were the chief patrons of the family. The
stable joint family system provides security and care and use to protect the elderly from all
angles. This family structure has been the socioeconomic backbone of the average Indian
(Shah, 1998) "%, In India a large percentage of the aged are poor and destitute and bereft of
even the basic necessities of life, namely food, shelter, clothing. Due to limited resources, the
government is also unable to fulfill the basic needs of the aged population. How the social
systems respond to the consequences of ageing and face the challenges is crucial for any
nation in creating ageing friendly society. It is very important to understand how these
changes happen and how they mix up with traditional and cultural issues to face the
challenges of elderly.

Living arrangements is one of the component which influences overall wellbeing of the
elderly. When there is no well-developed system in the country to provide needy social
services to the elderly they must opt whatever is available for them in their close proximity,
for social, Physical and psychological support including economic (Domingo and Caster
line, 1992) P Policy makers and government officials along with NGOs should take
initiative to support and care of elderly. The government should give financial security to the
vulnerable sections of elderly population in possible ways like health care, transport,
recreation, etc.

Ageing is a serious reality and last step of life cycle which cannot be avoided by none. Most
of the elderly prefer to live with their children. Usually elderly men who have their wives
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will depend on them but older women likely to rely on
children and others. Many elderly suffer due to inadequate
income to meet their basic needs. Nowadays, Nuclear
families are seen more in urban areas than in rural areas
thereby affecting the care of elderly. Dual career of women,
increased self-centeredness, contemporary changes in the
family system are forcing elderly to live alone or to join in
old age homes. The long term caring of the aged in terms of
community based services is a matter of great concern.
Health and wellbeing of elderly are affected by many inter

woven aspects like physical, emotional and social
environment.
Review of Literature

Previous research results of studies conducted with
institutionalized elderly are presented in brief.

Minal P and Kamala R (1995) ™ conducted a study and
found that the institutionalized elderly are having poor
adjustments than the elderly living in the families. Kanwar P
and Chadha N.K (1998) [® assessed the psycho-social
determinants of 60 institutionalized and 60 non
institutionalized elderly. The results revealed that
institutionalized elderly are more depressed and lonely.
More or less same results were observed in Agarwal S and
Srivastava S. K (2002) B! where they found that elderly
living in institutions are more depressed and suffer due to
anxiety: Naik A (2007) 1'% study also supports this. Mathew
M A. et al., (2009) ! did a comparative study on stress,
coping strategies and quality of life of institutionalized and
non-institutionalized elderly in Kottayam district, Kerala,
India with a sample of 150 (75+75) and found that there is
significant difference between these two groups which was
consistent with the previous studies stating that
institutionalized are more depressed. Kavitha A. K. (2007)
U5Ps results also reports that elderly living in senior citizen
homes showed less mean scores regarding quality of life.
Neelam, wason and Karuna Jain (2011) U3 studied
Nutritional Status, dietary adequacy and health problems of
56 institutionalized elderly in Jodhpur (31 males and 25
females). Questionnaire, interview, anthropometry, dietary
surveys were used to collect the data. Results revealed that
elderly living in care homes had better nutritional status and
care. All the personal needs and health care are being met
by the homes and the nutritional condition of the elderly
seems to be satisfactory. Mehta (1999) ¥ found low protein,
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low calories, and low nutrient intake in institutionalized
elderly as compared to elderly living in families. Saletti ef
al., (2000) 21 Hewitt et al., (2006) 1! reported that nearly
one fourth of the elderly are either malnourished or
overweight in free old age homes.

Objectives of the Study

The main objectives of the present study are:

= To know the socio-demographic profile of the elderly
living in senior citizen homes.

= To find out the reasons of elderly for staying in free and
paid senior citizen homes.

= To explore the aspirations of elderly living in free and
paid senior citizen homes

Methodology

For the present study, Six senior citizen homes were
selected which were located in different areas of Guntur
District. In these six, three were paid homes and another
three were free homes. Convenience sampling method was
adopted and the data was collected by making use of both
qualitative and quantitative techniques i.e., case study
method and interviews.

Results and Discussion
Socio- Demographic profiles of the elderly

Table 1: Distribution of the sample respondents by Age

g Paid Homes Free Homes Total
N Yo N Yo N Yo
60-69 19 48.72 21 67.74 40 | 57.14
70-79 15 38.46 07 22.58 22 | 3142
80+ 05 12.82 03 09.68 08 | 1142
Total 39 100.00 31 100.00 70 |100.00

The above table shows that majority (57.14%) of the
respondents are in 60-69 age group, followed by 31.42% in
70-79 age group and very few were (11.42%) in 80+ age
group. In the paid homes and free homes also the same trend
was noticed where in paid homes 48.72% belongs to 60-69
age group, 38.46% in 70-79 age group followed by 12.82%
in 80+ group. In free homes majority (67.74%) were in 60-
69 age group, 22.58% in 70-79 age group followed by
9.68% in 80+ group.

Table 2: Distribution of the sample respondents by Sex

Hax Paid Homes Free Homes Total
N %o N Yo N Yo
Male 18 46,15 12 38.71 30 42 .86
Female 21 53.85 19 61.29 40 57.14
Total 39 100.00 31 100.00 70 100.00

The above table shows that majority (57.14%) of the
respondents were females and males were only 42.86%. In
both the categories of elderly living in paid homes and free
homes, female crossed the number of males such as 53.85%

and 61.29% respectively and the correspondent males were
46.15% and 38.71% in paid and free home category
respectively.

Table 3: Distribution of the samiple respondents by religion

Raligion Paid Homes Free Homes Total
N % N Yo N Yo
Hindu 3 58.98 12 38.70 35 50.00
Christian 11 28.20 13 41.94 24 34.28
Muslim 05 12.82 06 19.36 11 15.72
Total 39 100.00 31 100.00 70 100.00
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From the above table it was observed that majority
(50.00%) of the respondents were Hindus followed by
Christians 34.28% and Muslim 15.72%. Same trend was
seen in the Elderly living in Paid homes where 58.98%

http:/Awww.allstudyjournal.com

belong to Hindu Religion followed by 28.20% in Christian
Religion and 12.82% in Muslim Religion. But in the Free
Homes category Christians were higher (41.94%) followed
by Hindus 38.70% and Muslims 12.82%.

Table 4: Distribution of the sample respondents by caste

i Paid Homes Free Homes Total
N Yo N %o N %o
Non Schedule Caste 30 76.92 20 64.52 50 71.43
Schedule Caste 09 23.08 11 3548 20 28.57
Total 39 100.00 31 100.00 70 100.00

The above table determines that majority (71.43%) of the
respondents belong to Non Schedule Caste and 28.57% of
the respondents belong to Schedule caste category. In paid
homes 76.92% of the respondents belong to non-schedule
caste and 23.08% belong to schedule caste. In free home

category 64.52% belong to Non schedule caste community
and 35.48% belong to schedule caste category. On the
whole nonscheduled caste elderly were more than schedule
caste elderly.

Table 5: Distribution of the sample respondents by background area of living

- Paid Homes Free Homes Total
Background Area of Living N % N % N A
Rural 16 41.02 18 58.06 34 48.57
Urban 23 58.97 13 41.94 36 51.43
Total 39 100.00 31 100.00 | 70 100.00

From the above table it was observed that majority
(51.43%) of the respondents belong to urban area and
(48.57%) belong to rural area. In paid home category urban

background (41.02%). In free homes this is in reverse where
rural background elderly (58.06%) were more than urban
background elderly (41.94%).

background elderly were more (58.97%) than rural

Table 6: Distribution of the sample respondents by educational qualification

= 5 . Paid Homes Free Homes Total
Educational Qualification N % N % N 7

Illiterate 09 23.07 22 70.96 31 4428

Primary 17 43.60 09 29.03 26 37.14

High School 05 12.82 00 0.00 05 7.14
Intermediate 08 20.51 00 0.00 08 11.42

Graduate & above 00 0.00 00 0.00 00 0.00
Total 39 100.00 31 100.00 70 100.00

The above table depicts the educational qualification of the
respondents. 44.28% were illiterates, 37.14% of elderly
completed their Primary school 11.42% intermediate

followed by 7.14% high school. None of the respondents
have educational qualification of graduation and above.

Table 7: Distribution of the sample respondents by marital status

4 Paid Homes Free Homes Total
Marital Status N % N % N o
Unmarried 02 05.13 04 12.90 06 8.57
Married & living with spouse 19 48.72 12 38.71 31 44.29
Widow/Widower 18 46.15 15 48.39 33 47.14
Total 39 100.00 31 100.00 70 100.00
The above table depicts that majority (47.14%) of the with  spouse, 46.15% of the respondents were

respondents were widow/widowers. 44.29% of the
respondents were married and living with spouse. Only
8.57% of the respondents were unmarried. In paid home
category 48.72% of the respondents were married and living

widow/widower and only 5.13% were unmarried. In free
home category majority (48.39%) of the respondents were
widow/widowers. 38.71% of the respondents were married
and living with spouse and 12.90% were unmarried.

Table 8: Distribution of the sample respondents by No. of married children

2 - Paid Homes Free Homes Total
No. of married children N % N % ~N A
None 2 5.12 4 12.90 6 8.57
One 6 15.38 2 6.45 8 11.42
Two 16 41.02 6 19.35 22 31.42
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Three 11 28.20 8 25.80 19 27.14
More than Three 4 10.25 11 35.48 15 21.42
Total 39 100.00 31 100.00 70 100.00

The above table clearly indicates that majority (31.42%) of
the respondents have two married children, 27.14% of the
respondents have three married children, 21.42% of the
respondents have more than three married children, 11.42%
of the respondents have one married child and only 8.57%
of the respondents have no married children. In the paid
home category, 41.02% of the respondents have two
married children and in free homes 19.35% of the
respondents have two married children, 28.20% of the
respondents have three married children and in free homes

35.48% of the respondents have more than three married
children, 15.38% of the respondents have one married child
and in free homes only 6.45% of the respondents have one
married child, 10.25% of the respondents have more than
three married children and in free homes 35.48% of the
respondents have more than three married children, and in
paid category only 5.12% of the respondents have no
married children, in free homes 12.90% of the respondents
do not have married children.

Table 9: Distribution of the elderly by reasons for joining in paid homes

8. No Reason (Paid Homes) No. Yo
1. Daughter-in-law problem 18 46.15
2 Misbehavior of son 07 17.94
3 Adjustment problem 02 5.12
4. Disrespect and neglect by the family members 04 10.25
5 Unwillingness expressed to take care 03 7.69
6. Free and independent life 01 256
T Settlement of children at abroad 04 10.25

The above table reveals that the majority (46.15%) of the
elderly respondents stated that Daughter-in-law problem
was the reason for joining in paid homes and 17.94% of the
clderly respondents stated that misbehavior of son was the
reason for joining in paid home.10.25% of the respondents
stated that disrespect and neglect by the family members
was the reason for joining in paid home and 7.69% of the
respondents stated that unwillingness expressed to take care

was the reason for joining in paid home. 10.25% of the
respondents stated that settlement of children at abroad was
the reason for joining in paid home and 5.12% of the
respondents stated that adjustment problem was the reason
for joining in paid home only 2.56% of the respondents
stated that free and independent life was the reason for
joining in paid home.

Table 10: Distribution of the elderly by reasons for joining in free homes

S.Neo Reason (Free homes) No. Y%
) 2 Shortage of accommodation 02 6.45
2, In-law problems 03 9.67
3 Negligence of son/daughter-in-law 17 54.83
4. Unwillingness expressed to take care 03 7.69
3. Afraid of children 01 322
6. Abuse by care givers 01 322
7. Poverty 04 12.90

The above table determines that majority (54.83%) of the
respondents stated that negligence of son/daughter-in-law
was the reason for joining in free home, 12.90% of the
respondents stated that poverty was the reason for joining in
free homes, 9.67% of the respondents stated that in-law
problems was the reason for joining in free homes and
7.69% of the respondents stated that unwillingness

expressed to take care was the reason for joining in free
homes. 3.22% of the respondents stated that afraid of
children was the reason for joining in free homes, 6.45% of
the respondents stated that shortage of accommodation was
the reason for joining in free homes and only 3.22% of the
respondents stated that abuse by care givers was the reason
for joining in free homes.

Table 11: Distribution of the sample respondents by aspirations

a g Paid Homes (39) Free Homes (31 Total (70)

Sl Yes | % | No | % |Yes | % | No| % | Yes]| % |[Ne| %
Want to be with children 31 79.48 8 20.51 29 93.54 2 6.45 60 85.71 10 | 14.71
Attending gatherings 20 51.28 19 48.71 16 51.61 15 48.38 36 5142 | 34 | 48.57
To spend time with relatives 25 64.10 14 35.89 18 58.06 13 41.93 43 61.42 | 27 | 38.57
Spend time with grand children 30 76.92 9 23.07 25 80.64 6 19.35 55 78.57 | 15 |21.42
Financial Autonomy 32 82.05 7 17.94 26 83.87 5 16.12 58 82.85 | 12 |17.14
Free transport 20 51.28 19 48.71 31 100 0 00 51 72.85 | 19 |27.14

Free Medical Aid 39 100 0 00 31 100 0 00 70 100 00 00
Enough food 35 89.74 4 10.25 26 83.87 5 16.12 [ 87.14 | 09 |12.85
Soft corner from the staff 30 76.92 9 23.07 27 87.09 4 12.90 57 8142 | 13 |17.57

L
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Abstract

Particularly the most basic and significant aspect of human experience is our
capacity to experience emotions. Humans can feel a myriad of emotions can
be joy, pleasure anger, stress. Defining emotion is a complicating task but the
concept somewhere lies between the field of psychology, philosophy, and
neuroscience. In this paper, we are discussing emotions from the perspective
of psychology. Emotions and intelligence have different meanings and roles
from the viewpoint of psychology but after combining both words, El can be
referred to as an ability that provides an advantage in the world to deal with
many negative emotions and in spread harmony. Emotional intelligence has
drawn the attention of many researchers in every field. The Emotional
intelligence first article was published by Salovey& Mayer in 1990 after that
so much work has been done in the academic area of professional relations,
instruments, or Scales for El. So, the researcher decided to study factors of
emotional intelligence and its role in social relationships. [1] [2]
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An empirical study on elderly abuse & neglect: Issues
and coping strategies

P Hema Latha and V Venkateswarlu

Abstract

World elderly population is growing both in developing and developed countries. India is also facing
the same situation. Changing family structures from joint to nuclear, urbanization, women employment
and various other factors are making the lives of elderly more measurable. In the present scenario there
is no guarantee that children will definitely take care of their parents. The longevity increases
dependency. Hence this is an attempt to identify the prevalence, types of abuse and coping strategies in
an urban area of Guntur. Self structured questionnaire was administered to 35 male and 45 female
elderly. The results revealed that emotional abuse is more prevalent than other forms of abuse and
majority of elderly were using tolerance as a coping strategy.

Keywords: Elder abuse, coping strategics, ageing, prevention

Introduction
Aging is a complex, natural, inevitable, multi factorial phenomena which occurs in biological
species. The concept of ageing is multi-disciplinary and multi-faceted. It can be viewed from
biological, physiological, sociological, demographic and psychological point. Biological
rescarch focuses on the reduction of capacities, psychological concentrates on emotional,
attitudinal and behavioural characteristics. Sociologists study the gradual unfolding of
socialization with regard to change in position, status and role. Over a period of hundred
years the annual growth rates of the elderly are alarming, including gender imbalance. Over
the decades significant gain in longevity by the elderly is noted (Malaker and Guharoy.
1990) [, This is true for both males and females but with a difference.

India is a country where the people of diversifying cultures live together. Being a developing
country, it suffers from many financial constraints. The review of Indian researchers focused
largely on few areas and moderately on some areas. The areas where the work is to be
accentuated are conflict resolutions, frustrations, service needs of disabled, elderly friendly
environments, elder abuse and its prevention etc. The present paper focuses on prevalence of
clder abuse, various forms of it, how to prevent abuse and create a safe, healthy atmosphere
for the elderly.

In the traditional society elderly were treated as repositories of wisdom and experience. They
played active role in family decision making and participated in economic and political
activities with legitimate authority. When the traditional society is adopting modernism
several changes are seen in almost all spheres of socicty. The changes in social roles of
clderly automatically leading to change in the self-image of elderly. The elderly who were
treated reverentially in traditional societies and enjoyed a golden era are now much worse off
in present society. They are being neglected by their family members, kin and kith and
derogated by grandchildren.

Elderly were accorded prestige through four components advisory, contributory, control and
residual. They use to give advises with their vast experience of the life. They used to
participate actively in familial, economic and cultural activities. They have the sole control
of authority over the members, possessed property in their name; distribute it as per their will
and wish. The residual component depends on their previous position in the
community.Elder abuse is now understood globally as a social and public health problem
threatening Elderly (Lachs & Pillemer, 2004) 1*\. Tt is very serious challenge and concern to
the younger sections on those elderly depends for support and sustenance.

~13~




International Journal of Applied Research

It is true in case of institutional setting along with the
domestic scenario. Abuse means the wilful infliction of
injury, negligent, unreasonable confinement or -cruel
punishment resulting in physical or emotional pain to the
individual mostly by the care givers. The problem of elder
abuse is more pervasive than recognised. Many older adults
experience their pathetic situation as a way of life. Rise of
dual-career families, more empty-nest years due to increased
life expectancy, dependency are making the elderly more
susceptible to abusive treatment than before (Jamuna, 2003)
%1 In India aged are accepted happily only in the politics

https://www.allresearchjournal.com

where a positive state of self-acceptance can result in
happiness and life satisfaction. Rise of dual-career.

Types of Abuse

1. Covert Abuse: Which are hidden and not direct, mostly
they may be non-verbal also.

2. Overt Abuse: Are obvious and direct. They may be
physical, non-cooperation deprivation of needs.

These can be otherwise classified as:

Table 1: Types of Abuse

frightening, threatening and isolation

S.| Type of g
Mol Abies Examples Signs and Symptoms
. . . . . - Injuries on two sides of the body, sprains or dislocations
1. | Physical Bsliing 'I‘;l.mmg, [:-u;cgji“g;isf%pr lil‘,g]‘;]:lllf;lzlg,cz?lfslmng = unexplained bruises, bone fractures, bite marks, broken
ERAE Ve mECmANL & i eyeglasses, signs of restrained like rope marks,
2. |Emotional Ignoring or humiliation a person, shouting, swearing, blaming,| Agitated, being upset, apathy, withdrawal, depression and

non-communication.

Deprivation of money Illegal or unauthorized use of a person’s
property, money, pension book or other valuables, changing

Large cash withdrawal from the elder’s bank account, objects
or other money missing from the senior’s house hold, abrupt

3. | Financial the person’s will, fraudulently obtaining power of attorney, or change in vwil,_unpatd b.tlls,. florged mgn_amres,_elde_r sdsudden
other property o by eviction from own home reluctance to discuss _ﬁnancla matters, increasing tiredness or
) depression on the part of the elder.
o Inadequate provision of food or water, inappropriate housing [Unhygienic Conditions, unusual weight loss, malnutrition, not
Elder ] g . i . s
4. negleat or shelter, clothing, dental of medical care, abandonment, meeting minimum basic needs Starving, untreated Illness,

physical restraint and inadequate help with hygiene or bathing

such as bedsores, unsanitary and unclean living conditions,

Methodology

80 elderly (35 Male & 45 Female) living in Guntur Urban
area are selected as sample for the present study by
purposive sampling method. The investigator prepared a
self-structured questionnaire with Yes/No type questions
along with general information to find out the prevalence
and types of abuse and neglect in elderly. The results were

The above table reveals that 51.43% of males and 57.78% of
females are experiencing abuse and neglect in one or the
other way. 48.57% of Males and 42.22% of females
expressed that they are not experiencing any abuse and
neglect in the family.

Table 4: Forms of Abuse/Neglect Experiencing by the Elderly

discussed with percentages. Forms of abuse
Forms of
Abuse/Neglect i Maie Fem:le Total
Results and Discussion i Nl % |N| % IN| %
Physical 51 4167 | 7| 5833 [12]| 15.00
Table 2: le particul £ eld by Gend din Emotional 11| 44.00 | 14| 56.00 |25 31.30
able 2: Sample particulars of elderly by Gender and Income level Verbal 53572 19 [ 6428 [i4 55
Income Level Social 3] 6250 [ 5| 3750 | 8 10.00
Gender| Low Income | Middle Income | High Income| Total Financial 11| 47.62 | 10| 52.38 [21 26.30
N Yo N % N Y% Nl % Total 35| 43.75 |45]| 56.25 | 80| 100.00
Male |14| 43.75 |10 43.47 11| 44.00 35| 43.75
Female | 18| 56.25 |13 56.53  |14]| 56.00 W5|56.25 The above table denotes that 41.67% of males and 58.33%
Total [32] 100.00 |23 ] 100.00 [25] 100.00 [80{100.00 of females were experiencing physical abuse, 44.00% males

Source: Primary Data

The above table shows that out of 80 elderly 43.75%were
males and 56.25% were females. The income level of the
elderly for categorized into low, middle- and high-income
groups. It shows that 43.75% of males are in low income
level, 43.47% belongs to middle income level and 44.00%
high income levels. Among the females 56.25% are in low

and 56.00% of females are undergoing emotional abuse,
35.72% of males and 64.28% of females are abused
verbally, 62.50% of males and 37.50% of females are facing
social avoidance followed by 47.62% of males and 50.38%
of females are neglected by not meeting their financial
needs.

Table 5: Perpetrators of Abuse and Neglect of elderly

income level, 56.53% are in middle income and 56.00% are " . Gender
e Relationship of
in high income levels. Perpetrator Male Female Total
N Yo N Yo N Yo
Table 3: Prevalence of Abuse and Neglect Spouse 06] 17.14 03| 6.70 [09] 11.25
Son 14| 40.00 |09 20.00 [23| 28.75
Abuse and Neglect Daughter in Law 05| 1430 15| 33.33 [20] 25.00
Gender YES NO Total Daughter 02] 5.71 |06] 13.33 [08] 10.00
N Yo N Yo N Yo Son in Law 01] 2.85 |02| 444 |03| 3.75
Male 18 51.43 157 48.57 |[35| 43.75 Grand Children 05| 14.30 |07| 15.55 [12] 15.00
Female 26 57.78 19 | 4222 [45] 56.25 Others 02| 5.71 {03| 6.70 [05| 6.25
Total 44 55.00 36 45.00 80| 100.00 Total 35| 100 }45] 100 |80| 100
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The above table depicts that 87.14% of the elderly
respondents felt that they need enough food to eat, 85.71%
desired to live with their children, 82.85% are in need of
financial autonomy to fulfil their needs without depending
on others, 81.42% expressed that they feel happy if the staff
who are working in the senior citizen homes behaves softly
with them, 78.57% are fond of their grandchildren and want
to spend some time with them, 72.85% expressed that
government should give them free transport to go wherever
they want to meet people, 61.42% desire to spend time with
their relatives 51.42% like to attend gatherings like previous
life but 100% of the elderly expressed that the government
should provide free medical aid for all the elderly
irrespective of age groups and living arrangement.
Irrespective of the type of home whether paid or free
majority of the elderly expressed that they want to be with
children (79.48% paid homes) (93.54% free homes). There
is no much difference in paid and free homes regarding the
desire to attend gatherings (51.28% and 51.61%), majority
are in need of financial autonomy (82.05% paid homes and
83.87% free homes), regarding spending time with
grandchildren (76.92% & 80.64%), enough food (89.74% &
83.87%) there is no much difference between categories of
homes. 51.28% of elderly living in paid homes felt that it
would be better if elderly are given free transport facility
where as 100% of the elderly living in free homes desired
the same. Unanimously all the elderly expressed that they
need free medical aid irrespective of type of home. 76.92%
of the elderly living in paid homes and 87.09% of the
elderly living in free homes expressed that the behaviour of
the staff should not be harsh towards them which is hurting
them and causing panic towards their status.

Conclusion

The findings of the present study states that majority of the
elderly living in senior citizen homes were from urban
background. But in elderly living in free homes the situation
is just opposite. Majority were from rural area. Gender wise
females crossed the males on the whole as well as in paid
homes and free homes. Differences and adjustment problem
with Daughter-in-law/son, Negligence of family members
and poverty, insufficient housing and economic hardships
were some of the reasons for joining in the homes as
expressed by the elderly. Loneliness is another reason of
joining the homes and is supported by Dubey et al., (2011)
(] and Gupta et al., (2014) ¥, Adjustment problem with
daughter-in-law/son was expressed by the elderly as the
major reason to join in the homes. This is inconsistent with
the results of Siddhu (2010) U9, The elderly who are
residing in paid homes state that they joined in the home to
lead a peaceful life with freedom and without interference of
others. Panigrahi e al., (2012) U also revealed the same.
100% of the elderly expressed that the government should
provide free medical aid for all the elderly irrespective of
age groups and living arrangement. In spite of the
differences and conflicts with children, majority of them
want to live with their children and grandchildren.
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The "above table indicates that among the male elderly
majority (40%) expressed that son is the abuser, 17.14% as
spouse, 14.30 5 by daughter in law and Grandchildren.
5.71% by daughter and others. Only 2.85% felt that they are
abused by their son in law. In female Elderly majority
(33.33%) revealed that Daughter in law is the abuser,
20.00% are abused by Son, 15.55% by grandchildren.
13.33% by daughter and 6.70% by spouse and others. Son in
law is the abuser only for (4.44%). However, son is the main
abuser for males, and Daughter in law for the female elderly
as per the results of the present study.

Table 6: Coping Strategies of abused elderly

Gender
Coping Strategy Male Female Total
N % N %o N Y
Tolerating 22| 6290 [15] 33.33 [37]| 46.25
Sharing with others | 06 | 17.14 [12]| 26.70 |18} 22.5
Spirituality 05{ 1428 (08| 17.77 [13| 16.25
Crying 00| 00 06f 1333 06| 7.5
Self-Blaming 02| 571 (04| 888 |06 7.5
Total 35] 100 |45] 100 |80| 100

The above table analysed the coping strategies adopted by
the abused elderly. It was observed that 62.90% of males
and 33.33% females are tolerating the abusing the behaviour
of Perpetrators in silence. This might be they had the
opinion that nothing is possible even though they express it
loudly. 17.14% of males 26.70 of females are getting
console by sharing with others. 14.28% males and 17.77%
of females opted spirituality as coping mechanism and
getting relief by participating in religious activities, going to
temples listening to the religious preachers etc. only 5.7 1%
of males and 8.88% of females are blaming themselves for
their present status. In females 13.33% are getting relief
whenever they abused.

Causes for elder abuse

= Declining Human and spiritual values in the name of
modernization is main factor for showing disrespect and
dish honour towards elderly.

= Growing materialistic nature of the adults who are
indirectly teaching self-centeredness, selfishness,
individualism efc. through their interactive behaviours.

= Wrong role models in the immediate environment for
the children

=  Silent suffering of elderly due to too much affection of
their children

=  The irony of pretending and false prestige before others
by not sharing about abusive behaviours.

Preventive measures

=  Counselling the family members to develop empathetic
attitude towards elderly

=  Sharing the presser of the care giver by other family
members

= Creating a stress-free environment in the home

=  Setting up a comfortable living arrangement with in the
available infrastructure

® Parents should be conscious in their child rearing
practices to develop love, respect, kindness, humility,
sympathy, compassion, non-violence, understanding
etc.

~15~
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*  Younger generation must allot some times to listen to
the elderly in the family

= Elderly should be encouraged to speck about their
suffering instead of bearing their silence

®= Educating the care givers health workers and other
professionals and administrators who are involved in
elderly care

*  Prosecution and punishment to the abusers by the legal
authorities when they find it

= Being socially active and avoiding social isolation
which makes elderly more vulnerable to elder abuse

®  Creating awareness to the elderly to protect their rights
and about constitutional provisions

Conclusion

It is unfortunate to witness the abusive behaviour from the
people we trust. It is really a problem, which is ignored or
not recognized until it becomes serious. Always legal
protection cannot save the elderly from abuse. The right way
would be a judicious mixture of family and community
involvement and interventions by the Government to protect
and take care of the helpless.

References

1. Biggs S, Phillipson C, Kingston P. Elder abuse in
perspective. Rethinking ageing series. Buckingham,
Philadelphia: Open University Press, 1995.

2. Cohen M, Levin SH, Gagin R, Friedman G. Elder
abuse: Disparities between older people’s disclosure of
abuse, evident abuse, and high risk of abuse. Journal of
American Geriatrics Society. 2007;55:1224-1230.

3. Fernandez M. Cultural beliefs and domestic violence.
Annals of New York Academy of Science.
2006;1087:250-260.

4. Inglehart R, Welzel C. Modernization, Cultural change
and democracy. New York and Cambridge: Cambridge
University Press, 2005.

5. Jamuna D. Issues of elder care and elder abuse in the
Indian context. Journal of Ageing and Social Policy.
2003;15:125-140.

6. Malaker CR, Guha Roy S. Reconstruction of Indian life
table for 1901-81 and projections for 1981-2001,
Sankhya. 1990:52(B):3.

7. Kosberg JI, Garcia JL, eds. Elder abuse: International
and cross-cultural perspectives. New York: The
Haworth Press; c1995.

8. Lachs MS, Pillemer K. How would you like to be
treated when you are 757 The Lancet. 2004;364:1263-
1272. Retrieved September 22, 2006, from the PubMed
database.

9. Reis M, Nahmiash D. When secniors are abused.
Toronto: Captus Press; c1995.

10. WHO. World Report on Violence and Health
(Definition developed by Action on Elder Abuse in the
United Kingdom) World Health Organigation: Geneva,

Switzerland; ¢2002.
%mm P
FOR WOMEN (Ausoromo
i) COLLEGE FOR ¥EORT




. Inorganica Chimica Acta 548 (2023) 121358

Contents lists available at ScicoceDivect

Inorganica Chimica Acta

ELSEVIER

journal homepage: www clsevier.com/locate/ica

Facile synthesis of hexagonal-shaped CuO NPs from Cu(II)-Schiff base
complex for enhanced visible-light-driven degradation of dyes and
antimicrobial studies

V. Sumalatha > , Dasari Ayodhya ', V. Balchander"

? Department of Chemistry, JMJ College for Women, Tenali, Guntur-522201, Andhra Pradesh, India
" Department of Chemistry, University College of Science, Osmania University, Hyderabad-500007, Telangana State, India
© Department of Pharmaceutical Engineering, BV Raju Institute of Technology, Narsapur, Medak-502313, Telangana State, India

ARTICLE INFO ABSTRACT

Keywords: The current research work reports a simple and facile synthesis of hexagonal shaped monoclinic bare CuQ NPs
Monoclinic CuO NPs and Cu(II)-CuO NPs (CuO NPs from binuclear copper complex derived from Schiffbase,2-(4-(trifluoromethoxy)
Cu(I1)-Schiff base complex

phenylimino)methyl)-4-methylphenol, TMPM4MP). It is found that the geometrical structure of [Cu
(TMPM4MP),] is square planar around the copper atoms using the results of 'H NMR, ES-Mass, UV-vis, and FTIR
studies. In addition, hexagonal shaped CuO NPs were produced in the nano range (10-15 nm) by the thermal
decomposition of the Cu(IT) complex. The synthesized Schiff base, Cu(ll) complex and CuO NPs were charac-
terized using the physicochemical methods, including 'H NMR, 'C NMR, ES-Mass, FT-IR, UV-vis, PL, powder
XRD, BET, elemental analysis, SEM, and TEM measurements. The photocatalytic activity of CuO NPs was
assessed toward degradation of CV and FL dyes and the results exhibited 90.8 % and 94.2 % efficiencies with
degradation rate of 0.1241 and 0.1354 min~* with in 60 min of reaction time under visible light, which is higher
than the bare CuO NPs. In addition, the synthesized Schiff base, Cu(Il) complex, and CuO NPs show more
antibacterial activity against gram positive and gram negative bacteria, as well as fungi using disc diffusion
method. Moreover, the synthesized CuO NPs and Cu(IT) complex show more antibacterial activity against gram
positive and gram negative bacteria in comparison to their Schiff base and precursor; and comparable to standard

drugs.

Hexagonal structure
Thermal decompaosition
Photodegradation
Antimicrobial activity

1. Introduction

Recently, nanotechnology has emerged as a tool for the development
in the biological synthesis of metal-based nanoparticles [1.2]. Nano-
particles have attracted great interest in recent years because of their
unique chemical and physical properties, which are different from those
of either bulk materials or single atoms and have potential applications
in optoelectronics, catalysis, ceramics and so on [1.2]. The synthesis of
metal oxide nanoparticles from the Schiff base transition metal com-
plexes was one of the most suitable methods, because the products ob-
tained were of good purity and with perfect structure [2]. Apart from it,
the synthesis of various metal complexes including Cu(II), Ni(II), Co(IL),
Fe(Il), Zn(I), U(VI), VO(IV), Ce(Il), and Th(IV) derived from Schiff
bases exhibited tremendous biological activities such as antimicrobial,
antioxidant, and antitumor studies [ ©]. This technique offers several
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unique advantages over other methods including easy work-up, low
temperature processing, short reaction time, and production of inor-
ganic nanomaterials with narrow size distribution. There are some ex-
amples reported in the literature on the direct calcination of metal
complexes as precursors for the preparation of metal oxide nanoparticles
[7-9]. For that reason, thermal decomposition of metal complexes
precursors offers a good alternative to control size and uniformity in
shape. Therefore, we have studied herein the synthesis of metal oxide
nanoparticles via a simple, economical, one-step method which includes
the thermal decomposition of metal complexes precursors.

Recently, the preparation of transition metal oxide nanoparticles
including ZnO, CuO, NiO, and other oxides with controlled size and
morphology have attracted much interest because of their outstanding
unique characteristics and numerous applications [7-10]. Cu0Q is a
narrow p-type semiconductor with a band gap value of 1.2 eV [7]. CuO




V. Sumalatha et al.

has been reported in numerous applications such as catalysis, gas sen-
sors, batteries, and transistors [11-14]. Till now, different synthetic
methods have been reported for the preparation of CuO NPs including
hydrothermal, electrochemical, thermal evaporation, and decomposi-
tion [15-18]. Currently, the solid-state thermal decomposition of coor-
dinated complexes as new precursors is being investigated [19-21], and
as compared to conventional methods, it is much more rapid, cost-
effective, and controllable. Different shapes of CuO nanosized such as
nanorods, nanospheres, and nanowires also have been synthesized by
various coordinated precursor structures [15-18].

Among nano-sized metal oxides, the synthesized CuO NPs from Cu
(I1) complexes were still play an important role because of their vast
applications in waste water remediation and sensor applications [11],
enhanced energy storage, lithium-ionbatteries [12], and photocatalytic
degradation of dyes from aqueous solutions [12,14]. Although there are
numerous valid methods for synthesis of copper oxide nanostructures
such as microwave-assisted template-free, hydrothermal, and others,
these methods are require long time and/or complicated [15-18]. Using
coordination of Cu(ll) complexes as precursors for the synthesis of CuO
NPs has been considered as one of the greatest convenient and excellent
practical approaches [7]. Furthermore, it has been widely investigated
for many optoelectronic devices such as optical switch, energy storage,
field emission devices and solar cells, gas sensors, lithium-ion electrode
materials, magnetic storage media, rectifiers, heterogeneous catalysts,
etc. [11-14]. CuO NPs are the most widely used metal oxide nano-
particles for wastewater treatment because of their superior catalytic
properties [22-24]. According to previous reports, CuO NPs were syn-
thesized from Cu(Il) complexes coated materials and without selective
morphology and size of the particles [7,9,23.24]. Hence, we have syn-
thesized particular hexagonal shaped and better photocatalytic and
antimicrobial activities CuO NPs.

In this study, we report to used facile and reproducible synthetic
procedure for the preparation of hexagonal shaped monoclinic CuO NPs
from [Cu(TMPM4MP),] complex derived from 2-(4-(trifluoromethoxy)
phenylimino)methyl)-4-methylphenol (TMPM4PM) and copper aceta-
teas precursors. The synthesized CuO NPs were fully characterized using
UV-vis DRS, PL, FTIR, powder XRD, and TEM. The shape and size of the
particles were characterized using XRD and TEM techniques. The pho-
tocatalytic activity of the synthesized CuO NPs was assessed toward the
photocatalytic degradation of CV and FL dyes in an aqueous medium as
model pollutants. Furthermore, antibacterial and antifungal activities
with effect of concentration variation of the synthesized CuQ NPs are
also performed and the obtained results were prominent and compara-
ble to standard drugs.

2. Experimental
2.1. Materials and methods

Copper acetate (Cu(CH3CO0)2-H0), methanol, ethanol, ether,
acetone, crystal voilet, fluorescein, hexamethylenetetramine, NaOH, 4-
(trifluoromethoxy)benzenamine, and 2-hydroxy-5-methylbenzaldehyde
were obtained from Sigma-Aldrich Chemicals Pvt. Itd (India). Double
distilled water was used as a solvent for all experiments. All reagents
were of analytical grade and they were purchased and used as received
without further purification.

2.2. Synthesis of Schiff base, 2-(4-(trifluoromethoxy)phenylimino)
methyl)-4-methylphenol (TMPM4MP)

The Schiff base (TMPM4MP) was synthesized by mixing the hot
methanolic solution of 4-(trifluoromethoxy)benzenamine (10 mM, 25
mL) and 2-hydroxy-5-methylbenzaldehyde (10 mM, 25 mL) in 1:1 ratio
with stirring and refluxing at 60-70 °C temperature on hot oil bath for
2-4 h. After that, the reaction mixture was left for some time to attain
room temperature. The colored precipitates resulted were isolated by
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filtration and recrystallized from methanol and the entire procedure was
summarized in Scheme 1.

2.2.1. Analytical data of Schiff base (TMPM4MP)

Elemental analysis (%): Molecular formula C;5H;,FsNOy; Found: C,
60.82; H, 4.03; N, 4.68.Calculated: C, 61.02; H, 4.10; N, 4.74.

'H NMR (400 MHz, CDClg): & = 12.73 (s, 1H); 8.52 (s, 1H); 7.24 (m,
4H); 7.19 (dd, 1H, J = 8.533 Hz); 7.16 (s, 1H); 6.92 (d, 1H,J = 8.282
Hz); 2.30 (s, 3H), Fig. 51,

'3C NMR (100 MHz, CDCly): § = 163.46, 158.93, 147.73, 147.35,
134.49, 132.42, 128.35, 124.33, 122.37, 122.03, 121.78, 119.22,
118.64, 117.1, 20.31, Fiz. §2.

IR (KBr)(em™):vio—w) 3451, Wcu=n) 1622, u(c—0) 1174, Tig. S3.

UV (DMSO) A7**nm(em™1):260 (38461), 347 (35714), Ti 8. 54.

MS (ESI): m/z = 296 [M + H]*, Fio. 55,

2.3. Synthesis of [Cu(TMPM4MP),] complex

The synthetic route for the Cu(II) complex such as [Cu(TMPM4MP),]
as shown in Scheme 2. The Cu(Il) complex was synthesized by using
metal salt (copper acetate) and Schiff base (TMPM4MP) in 1:2 M ratio.
The hot methanolic solution of metal acetate such as [Cu
(CH3C0O0)3-Hz0, 10 mM] and Schiff base ligand (TMPM4MP, 20 mM)
were mixed and refluxed for 2-4 h at 70-80 °C. This solution was kept
aside at RT for slow evaporation. The separated red colored Cu(II)
complex as precipitate was filtered off, washed thoroughly with water,
ethanol and ether; and finally dried in vacuum over desiccators.

2.3.1. Analytical data of [Cu(TMPM4MP)z] complex

Elemental analysis (%): Molecular formula [C3gH22FgN204Cu],
Found: C, 55.07; H, 3.35; N, 4.24, Cu, 9.66. Calculated: C, 55.26; H,
3.40; N, 4.30; Cu, 9.75.

IR (KBr)(cm™): via=n) 1612, vig—o) 1175, vv—0) 520, by 509,

Fig. S6.

F5CO NH,
= @)
OH MeOH, 2-4 h
60-70 °C
reflux
R3 R
R2 ' R1
HO R2
N

F4CO

Scheme 1. Schematic route for the synthesis of Schiff base ligand (TMPM4MP,
wherein R! = H, R?> = H, R® = CHj).
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FiCO
. s " MeOH, 3-6 h
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F.CO
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50 °C w2
6 CuO NPs
RE

R3

Scheme 2. Synthetic route for the hexagonal-shaped CuO NPs from Cu(ll) complex ([Cu(TMPM4MP),] complex, wherein R! = H, R? = H R = CHs).

UV (DMSO) A/**nm(cm™): 268 (37313), 310 (32258), 406 (24630),
590 (16949) Fig. 57.

2.3.2. Magnetic moment (Hegp): 1.72 BM

MS (ESI): m/z = 653 [M + H]™, Fig. 58,

ESR: g|| (2.148), gJ_(Z 065), G(2.20), A||Gauss(cm™) 180(0.0168)),
g||/A]| (cm) (127) ¥

SEM: Spherical shape, average diameter 85 nm, Fig. 510,

2.4. Synthesis of CuO NPs

In a typical synthesis of CuO NPs, the stoichiometric ratio of copper
acetate (0.1 M) and hexamethylenetetramine [CgH;2N4] (0.05 M) were
dissolved in 100 mL deionized water and allowed to stir for the complete
dissolution of the compound, followed by the drop-wise addition of
NaOH aqueous solution into the reaction mixture until the ~ pH 9. The
reaction was allowed to proceed for 5 h in a hot air oven at 110 °C and
then the resulting precipitate was washed several times with ethanol and
dried at room temperature.

2.5. Synthesis of CuO NPs from [Cu(TMPM4MP),] complex

The as-prepared [Cu(TMPM4MP),] complex was thermally decom-
posed at 650 °C for 2 h in an electrical muffle to give the corresponding
CuONPs(Cu(I)-CuO NPs) was shown in Scheme 2.In this method, the
dried precursor was transferred to a silica crucible and heated to red hot
condition at 650 °C for about 65 min with a heating rate 10 °C/min
according to the thermal behavior of the precursors. The precursor
started decomposing violently. The preliminary step is the character-
izing of nanoparticles is the color transformation of solution indicating
the reduction of copper ions into CuQ NPs using [Cu(TMPM4MP),]
complex. The total decomposition of the precursor complex led to the
formation of the corresponding oxide nanoparticles, which are
quenched to room temperature, ground well, and stored.

2.6. Characterization

UV-vis diffuse reflectance spectra (DRS) of the synthesized samples
are obtained from Shimadzu UV-3600 UV-vis near-infra-red (NIR)
spectrophotometer. Photoluminescence (PL) spectra were measured on
a Shimadzu RF-5301 PC spectrometer with an excitation wavelength of
310 nm. X-ray diffraction (XRD) patterns of the as-synthesized samples
were obtained with a X'pert Philips diffractometer using Cu-Ku radia-
tion. The HR-TEM images were taken on a transmission electron mi-
croscope (JEOL; model 1200 EX) at an accelerator voltage of 220 kV. FT-
IR spectra of Schiff base, their Cu (II) complex and CuO NP were
recorded on a Shlmadzuspectrophotometer in the range of wavenumber
is 4000-400 cm'with KBr disks. The 'H NMR spectra of Schiff base and
Cu(II) complex were recorded in DMSO on a Bruker 300 MHz spec-
trometer at room temperature using TMS as an internal reference.
Elemental analyses for C, H, N, and S were done using ElementerVario
EL I1I Carlo Erba 1108 instrument. ESR of Cu(Il) complex was recorded
on Varian E-9 spectrophotometer.

2.7. Photocatalytic activity experiment

In a typical experiment of photocatalytic degradation of CV (crystal
violet) and FL (fluorescein) dye solutions is performed using the syn-
thesized CuQ NPs as a catalyst prepared from [Cu(TMPM4MP),] com-
plex and bare CuO NPs. In a photocatalytic reaction, 15 mg of the
prepared catalyst was added to 50 mL of 10 mg/L aqueous dye solutions
(CV and FL) separately. The solution in which the prepared photo-
catalysts are dispersed is first kept in the dark for 60 min to allow the
system to reach an adsorption desorption equilibrium. Afterward, the
reaction mixture was under visible light (at 440 nm) irradiation of the
solution is started. The degradation was investigated in a Pyrex beaker
under UV-vis illumination using a 250 W Hg-vapour lamp (Thoshiba,
SHLS-002) (A = 440 nm). After exposure to visible radiation for a de.s:red
time interval, samples were withdrawn from the reactiog R 2
CuO NPs were separated from the suspension by cegtti
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recovering the catalyst by centrifugation, the light absorption of a clear
solution is measured at 590 nm (A™** for CV) and 492 nm (A™* for FL) at
a set time using a UV-vis spectrophotometer.The degradation rates of
the dyes at given time intervals were calculated by measuring the
changes in the absorption profile at their maximum absorbance wave-
lengths and concentration variance of the CV and FL solutions from
UV-vis spectra, and the dye degradation efficiency (D) was calculated
from the following equation:

D(%) = Co —C,/Cy x 100

where Cq and C; were initial and final concentrations after a certain
reaction time, respectively.

2.8. Antimicrobial activity experiment

Antimicrobial activities of the synthesized Schiff base, precursor,
their Cu(II) complex, and as-prepared CuO NPs were determined using a
modified Bauer-Kirby method [25]. Briefly, 100 pL of the pathogenic
bacteria/fungi were grown in 10 mL of fresh media until they reached a
count of 10° cells/mL for bacteria or 10° cells/mL for fungi [25]. 100 uL
microbial suspensions were spread onto agar plates corresponding to
both pathogens in which they were maintained. Isolated colonies of each
organism were selected and tested for susceptibility by the disc diffusion
method. A filter paper disc impregnated with the tested chemical was
placed on agar. The prepared agar plates were filled with gram positive
and gram negative bacteria such as Escherichia coli (ATCC 27853),
Pseudomonas aeruginosa (ATCC 25922), Staphylococcus aureus (ATCC
25923), and Bacillus subtilis(tATCC 19659); and fungi such as Aspergillus
niger and Candida albicans were incubated at 25-27 °C for 24-48 h. The
prepared Schiff base, Cu(II) complex, and CuO NPs suspension (10 pL)
was added to the discs. The samples were initially incubated for 15 min
at 4 °C (to allow diffusion) and later on at 37 °C for 24 h. Positive test
results were scored when a zone of inhibition was observed around the
discs.

3. Results and discussion

The synthesized Schiff base ligand and its Cu(ll) complex were
completely characterized, confirmed, and represented in the supple-
nentary information. The prepared bare CuO NPs and CuO NPs from
[Cu(TMPM4MP),] complex were characterized by using XRD, FTIR,
UV-vis DRS, PL, and HR-TEM and discussed. With this fast and simple
method, CuO NPs can be produced without expensive and toxic solvents
or complicated equipment.

3.1. Powder XRD analysis

The crystalline structure and phase of the synthesized CuO NPs were
characterized using powder XRD as shown in Fiz. 1. The diffraction
peaks for CuO exist at 32.8°, 35.9°, 39.1°, 46.3°, 52.9°, 58.7°, 62.74°,
66.6°, 68.3°,72.6°, and 75.2° which are indexed at (—111), (002),
(111), (-202), (020), (202), (-113), (-311), (113), (311), and
(220) respectively. All these diffraction peaks, including not only the
peak positions but also their relative intensities, can be perfectly indexed
into the monoclinic phase of CuO with cell constants: a = 4.678 A, b =
3.431 A, and ¢ = 5.136 A (JCPDS card No. 80-0076); these data are in
agreement with previously [26]. No characteristic peaks of other im-
purity phases have been detected, indicating that the final product is of
high purity. The average crystal size was estimated using the Debye—
Scherrer formula [27]:

D = 0.964/ficostl
where A, p, 0 are the X-ray wavelength, the full width at half maximum

(FWHM) of the diffraction peak, and the Bragg diffraction angle,
respectively. The estimated average crystal size of CuO NPs prepared
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Fig. 1. The powder XRD pattern of the synthesized bare CuO NPs and CuO NPs
from [Cu(TMPM4MP),] complex.

from[Cu(TMPM4MP),] complex using the XRD technique was found
around 18 + 3 nm, further compared with the TEM analysis,

3.2. FTiR

The FT-IR spectral measurements of dried CuO-NPs from Cu(II)
complex were carried out to find out the related functional groups
mainly responsible for the reduction, capping, and stabilization of the
CuO-NPs as shown in Fiz. 2. It revealed the presence of several signifi-
cant absorption peaks mainly at 3440 cm™), 2922 em™!, 1628 cm ™},
1262 cm™", 1158 cm ™, and the broad absorption bands in the range of
518-590 cm ™. These absorption peaks are attributed to the band O—H
stretching vibrations (3440 c¢m™') and the weak band of H—O—H
bending vibrations mode (1628 em™), C—0 stretching vibration band
(1158 em™), and the range of 518-590 cm™! due to vw(Cu — O)
stretching vibration mode [23]. In view of the reducing and capping
properties of Cu(ll) complex, it can be articulated that the oxygenated
functional groups of an energy-efficient reduction and nucleation of
Cu®* into CuO NPs.
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Fig. 2. FTIR spectra of the synthesized bare CuO NPs and CuO
(TMPM4MP),] complex.
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3.3. UV-vis DRS

The optical properties of the synthesized CuO NPs were studied by
recording the UV-vis diffuse reflectance spectrum of the formed powder
in the wavelength range 200-800 nm using UV-vis absorption spec-
trophotometer and the obtained results are presented in Fig. 3. From
iz 3, It can be seen that the CuO NPs has good absorption capacity in
the visible region [2&]. Thereafter, the band gap energy is important for
the photocatalytic activity because the energy of incident light must be
greater than or equal to the band gap energy is the criteria of material
selectivity for the photocatalyst. It clearly shows the optical reflectance
of the CuONPs was found to exhibit optical absorption was the strong
absorption band around 0.5-1 a.u., and the lowest optical reflectivity of
around 10-35 % was in the visible region, which was the characteristic
peak of Cu®* jons. The sharp rise in the absorption curve below 382 nm
was confirmed the highly crystalline and monoclinic phase of both
CuONPs. The band gap (E;) can be estimated as 3.52 eV [26.29] and it
suggests to superior photocatalytic properties. These values reveal that
the as-prepared CuO NPs products are semiconductors and are in good
agreement with the reported data [29].

3.4. Photoluminescence

Thephotoluminescence (PL) emission spectra of the synthesized both
CuO NPs at room temperature with an excitation wavelength of 310 nm
was displayed in Fig. 4. The PL spectra show the maximum intensity
with a broad band peak of emission at 496 nm and 502 nm (2.51 eV and
2.47 eV) in the green spectral region for bare CuO NPs and CuO NPs
from [Cu(TMPM4MP),] complex, respectively. In addition, the PL in-
tensity of [Cu(TMPM4MP)3] complex derived CuQ NPs is very less when
compared to bare CuO NPs, which is suggesting to the strong recombi-
nation of photogenerated electron-hole pairs. In general, CuO NPs were
showed the similarly broad luminescence band with a broad pronounced
shoulder peak in the blue-green spectral region of semiconductors [30].
The absorbance, emission, and excitation spectrums of CuO NPs were
indicated that the optical band gap value can be used for optoelectronic
devices such as optical switches, energy storage, field emission devices,
and solar cells and photocatalysts.

3.5. Tem

The morphology and shape of the synthesized CuO NPs from [Cu
(TMPM4MP)2] complex was evaluated using high-resolution TEM im-
ages. According to this HR-TEM analysis, the formed nanoparticles

1.2
CuO NPs
1.04 f’ﬂ%@\d Cu(ll)-CuO NPs
!fa
e
0.8
X 06-
L
0.4
0.2
'M"—"‘"'--—_'_
0.0 T T T T T T T T T T
300 400 500 600 700 800

Wavelength (nm)

Fig. 3. The UV-vis DRS of the synthesized bare CuO NPs and CuO NPs from
[Cu(TMPM4MP),] complex.
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Fig. 4. The PL spectra of the synthesized bare CuO NPs and CuO NPs from [Cu
(TMPM4MP),] complex.

appear as spherical and hexagonal, but there are also large particles
formed by the combination of small particles. It is also apparent that,
with our optimal synthesis conditions, nanoparticles into noticeable
different morphologies as spherical, hexagonal and oval shapes (Iig. 5).
In detail, the particle size was supported using HR-TEM such as cubic,
sphere and irregular shaped aggregates with average particle size of 16
& 2 nm as shown in Fig. 5(a-d). The diffraction patterns obtained from
the XRD, HR-TEM showed exactly the same d-spacing values such as
1.26 to 2.54 A, which is suggesting to the prepared CuO NPs from [Cu
(TMPM4MP)3] complex is the crystalline nature [21].

3.6. BET

The BET isotherms were employed to characterize the detailed sur-
face parameters including surface area, porosity, and distribution of the
particles of the synthesized bare CuO NPs and CuO NPs derived from [Cu
(TMPMA4MP);] complex was shown in Fig. 6. According to the obtained
BET isotherms of the CuO NPs is exhibited as a type of IV with a hys-
teresis loop and presence of mesopores with the pore size distribution is
in the range of 5-20 nm [32]. The specific surface area of the synthesized
CuO NPs and CuO NPs from Cu(II) complex were found to be 36.48 m?
g land 45.21 m? s respectively. It suggests that the obtained specific
area of the CuO NPs from Cu(ll) complex is awfully greater than that of
the bare CuO NPs. In general, the extent surface area and porous
structure of the composites can meritoriously encourage the rate of
catalytic reaction and it will simplifying charge transfer and suppression
the charge carriers by increasing the number of active sites. Therefore,
based on the obtainedsurface area results, the CuO NPs from Cu(II)
complex could give more prominent catalytic performance.

3.7. Photocatalytic activity

The heterogeneous photocatalytic treatment of dyes (CV and FL) was
carried out utilizing the synthesized bare CuO NPs and Cu(II)-CuQ NPs
as photocatalysts. A blank analysis was also run by exposing the dye
sample under direct visible light without adding the photocatalyst. In
this study, the blank was used as a control and to prove the potentiality
of CuO NPs as a photocatalyst for the degradation of CV and FL dyes. In
fact, dark adsorption is an initial step and one of the most critical aspects
of the photocatalysis mechanism [33]. Further, the synthesized both
CuO NPs were used to study the photodegradation of CV and FL dyes
when exposed to visible light. In the presence of light radiation
and FL dye solutions were stirred in the dark for 1 h t
adsorption-desorption equilibrium between the CuO
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Fig. 5. The HR-TEM images of the synthesized CuO NPs from [Cu(TMPM4MP),] complex.

molecules. A UV-visible absorption spectrum was recorded to estimate
the CV and FL dye concentrations during the 60 min of photocatalytic
reaction. Control experiments were carried out in the dark (both with
and without CuO NPs) to rule out any possibility of dye self-degradation,
dye adsorption, or NP catalytic activity in the dark. In the absence of
CuO NPs, we observed negligible CV and FL dye degradation after the
experiment was completed as shown in Fig. 7(a) and Tig. 7(b), respec-
tively.Furthermore, dye degradation experiments in the absence of a
catalyst revealed negligible dye degradation. Therefore, CV and FL dyes
were nearly complete to degradation, light and in the presence of
catalyst are required. The photocatalytic activity of the synthesized Cu
(I)-CuO NPs and the absorption peaks at 590 nm (A™™ for CV) and
492 nm (A™ for FL) decreased as shown in T'iz. 7(c) and i 7(d).After
completion of the photocatalytic reaction, the estlmated degradation
efficiency was 90.8 % and 94.2 % for CV and FL dyes in the presence of
Cu(I1)-CuO NPs, respectively within 60 min of light irradiation. In
addition, the synthesized bare CuO NPs were also examined for the
photocatalytic degradation of CV and FL dyes under similar reaction
conditions (Fig. 2(a) and Tig. 5(b)). It was lesser active than the Cu(Il)-

CuO NPs towards the degradation of CV and FL dyes due to less ab-
sorption capacity and size of the particles.

3.8. Photocatalytic kinetics

The photocatalytic rate of reaction was observed that the synthesized
CuO NPs and Cu(II)-CuO NPs in the degradation processes of dyes follow
pseudo-first-order kinetics. The Longmuir-Hinshelwood model was
employed to clarify the photo -degradation kinetic of the catalyzed re-
actions (Fig. 9(a) and Fig. 9(b)). In a simple form, the model for the
apparent pseudo-first- order is expressed as follows:

In(C,/Co) = — Kyppt

where (K,pp) is the apparent pseudo-first-order constant (min™), Cg is
the initial concentration (at time) of the dye, and C, is the concentranon
of the dye at reaction time. The plot of In(C./Cp) against timei e
function with the slope equal to (Kapp) The rate constapfs
lated to be 0.1241 min ™" and 0.1354 min™ for the degraftion
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FL dyes using Cu(II)-CuO NPs under visible light irradiation.

3.9. Reusability of catalyst

An examination of the photocatalytic activities of the recycled Cu
(I1)-CuO NPs was investigated by collecting the catalyst from a sample
solution after centrifugation up to 5 consecutive cycles. The separated
catalyst was thoroughly washed with water and ethanol. The reusability
test of CuO NPs under UV-visible irradiation on the CV and FL dyes
shows the stability of the catalyst. As shown in Fiz. 10, the reused
catalyst showed very little change in the degradation efficiency in
photocatalysis. This emphasizes the excellent chemical stability of the
catalyst, making it beneficial for practical wastewater remediation ap-
plications. A slight decrease in the photocatalytic activity in each suc-
cessive cycle can be attributed to several reasons like a degradation of
the photocatalyst itself, unavoidable loss of photocatalyst during the
recycling processes, and slight aggregation of NPs after the photo-
catalytic process. In addition, it shows the slight aggregation of Cu(Il)-
CuO NPs, possibly by the interactions between CuO NPs and in-
termediates formed during the degradation process, thus decreasing the
electrostatic energy barrier between NPs and increasing the aggregation
behavior [34]. As this recycled Cu(II)-CuO NPs form clusters, hence, the
surface to volume ratio of NPs decreases, and their catalytic activity also
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Fig. 8. The bar diagrams of the photocatalytic degradation of CV (a) and FL (b)
dyes in the absence and presence of CuO NPs catalysts from [Cu(TMPM4MP),]
complex under visible light irradiation.

decreases.
3.10. Photocatalytic reaction mechanism

In the photocatalytic reaction mechanism of dyes using the synthe-
sized CuO NPs, the CuO NP is a semiconductor, which is able to generate
electron-hole pairs (e~/h*) due to the transition of excited electrons
from the valence band to the conduction band, creating holes in the
valence band, after absorbing the photon energy (hv) upon the irradia-
tion of light. The oxygen and water molecules in the dyes (CV and FL)
reacted with the electron-hole pairs and subsequently formed hydroxyl
radical (+OH), which was responsible for breaking down the organic
complex in dyes. The oxygen (O2) reacted with the excited electrons (e™)
and dissociated hydrogen ions (H™) from water molecules to form
hydrogen peroxide (H202). Under the irradiation of light, hydrogen
peroxide was generated, which was further reduced to hydroxyl radicals
and hydroxide ions. The hydroxyl radicals were involved in degrading
the organic materials in the dyes into simple harmless degradation
products. In the end, the possible products of the photocatalytic degra-
dation process could be water, carbon dioxide, methane gas, and other
simple molecules [35] and it was similar to previous reports [25,36].
The schematic representation of the degradation of dyes by photo-
catalytic degradation mechanism over the synthesized CuO NPs is
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illustrated as %o[lows:

CuO NPs + hv (light) = CuO NPs (¢~ + h¥)
2e” + 07 + 2H' = H,0,

¢ + HyO; — «OH + OH™

eOH + dyes (CV /FL) — intermediates — Hz0 + CO; + CH4

3.11. Antimicrobial activity

All the synthesized Schiff base, precursor, Cu(II) complex, and as-
prepared CuO NPs were screened in-vitro for their biological activities
such as antibacterial and antifungal activities using gram positive and
gram negative bacteria such as Escherichia coli (ATCC 27853), Pseudo-
monas aeruginosa (ATCC 25922), Staphylococcus aureus (ATCC 25923),
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and Bacillus subtilis (ATCC 19659); and fungi such as Aspergillus niger and
Candida albicans) by using disc diffusion method. Ampicillin (antibac-
terial agent) and Amphotericin B (antifungal agent) served as positive
controls for antimicrobial activity and a filter disc impregnated with 10
L of solvent (DMSO) was used as a negative control. During the incu-
bation time, the tested samples (Schiff base, Cu(II) complex, and Cu(II)-
CuO NPs) were exhibited prominent antimicrobial activity for the in-
hibition of bacteria and fungi growth and it was shown in Fi g. 11(a). In
addition, the effect of concentration variation of the synthesized Cu(II)-
CuO NPs (10-50 pL) for the inhibition of bacteria and fungi growth was
also examined under similar conditions (Fig. 11(b)) and it was shown as
a concentration reliant effect. Among them, the synthesized CuO NPs
were exhibited maximum activity than its Schiff base and Cu(Il) com-
plex against gram positive bacteria due to their small size and effec-
tiveness, they show efficient inhibition mechanisms inside the cell of
microorganisms [17].

In general, Schiff base compounds and their transition metal
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Fig. 11. (a) The antibacterial and antifungal activities, (b) effect of concentration variation of the synthesized CuO NPs (10-50 pL) from [Cul
against various gram positive and gram negative bacteria as well as fungi by using disc diffusion method.
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complexes exhibit major importance for their biological properties,
encompass antibacterial, antifungal, and anticancer properties [3¢.57].
The different complexes based on similar or related ligands with Cu(II),
Co(II), and Zn(II) ions showed better inhibition zone in microbial ac-
tivities against various micro-organisms such as C. albicans, S. aureus,
P. aeruginosa, and E. coli [40]. Also, they utilized the nanoparticles
derived from complexes and Schiff bases as an antibacterial agent
against various bacterial and fungal strains [41]. Thermal decomposi-
tion of complexes is considered one of the simplest methods for pro-
ducing nanomaterials with small ecrystallite sizes and various
morphologies. Asma et al synthesized Cu(I) and Zn(II) complexes
exhibited enhanced activity against the tested bacterial (S. aureus and
E. Coli) and fungal strains (C. albicans and A. fumigatus) as compared to
free ligand [42]. It is noteworthy that biological activities of the ma-
jority of the Schiff bases increased upon coordination with different
transition elements. In addition, it was revealed that such compounds,
which were already active, became more active and those which were
not biologically active became very active upon coordination. The
improvement in biological activities upon coordination may be
explained on the basis of Overton’s concept and chelation theory [13].
Copper is considered as one of the most important transition metals,
which possess the ability to form biologically active coordination com-
pounds especially with Schiff bases []. Based on the previous reports,
we have synthesized CuO NPs as well as Cu(II) complex from Schiff base
(TMPM4MP) exhibited prominent antimicrobial activity both patho-
genic bacterial and fungal strains.

On the basis of these observations, it can be concluded that synthe-
sized CuO NPs had strong antibacterial activity against bacteria
belonging to both gram positive and gram negative bacteria as well as
fungi. CuO NPs have an important antibacterial property due to their
large surface area, which helps them to make closer contact with mi-
croorganisms. Furthermore, the gram negative bacteria seemed to be
more resistant to CuO NPs than gram positive bacteria [27]. It was
earlier reported that the interaction between Gram positive bacteria and
NPs was stronger than that of Gram negative bacteria because of the
difference in cell walls between Gram positive and Gram negative bac-
teria [47]. These findings suggest the use of synthesized CuO NPs as a
potential antimicrobial agent. The smaller size and homogeneous
morphology of the nanoparticles are consistent with their excellent
antimicrobial activity [27]. Although the structures of the bacterial cell
walls are different and the biocidal effect could be dependent on the
bacterial species, the CuO NPs have the potential to cause cell death as a
consequence of electrostatic interactions between the liberated metal
ions and the negatively charged bacterial cell wall, subsequent disrup-
tion of the cell membrane and protein denaturation [5]. In addition,
the CuO NP solution reaches inhibition levels similar to those of a
conventional antimicrobial drug.

4. Conclusions

In the present study reported a simple and low-cost approach for the
synthesis of hexagonal shaped monoclinic bare CuO NPs and CuO NPs
from Cu(II) complex derived from Schiff base, 2-(4-(trifluoromethoxy)
phenylimino)methyl)-4-methylphenol (TMPM4MP) by the thermal
decomposition method without expensive and toxic solvents or
complicated equipment. The as-prepared both CuO NPs were charac-
terized using XRD, FTIR, UV-vis DRS, PL, BET, and HR-TEM techniques
to estimate the band gap energy, structure, phase, and shape of the CuO
NPs. From XRD and TEM, the synthesized CuO NPs have monoclinic
structure and hexagonal shaped with average diameter of the particles is
15 & 2 nm. The photocatalytic degradation of CV and FL dyes under
visible light irradiation over the synthesized bare CuO NPs and Cu(II)-
CuO NPs was studied. The synthesized Cu(II)-CuO NPs were exhibited
the maximum degradation of CV and FL dyes under 60 min of reaction
time, which is 90.8 % and 94.2 %, respectively. In comparison, the bare
CuO NPs as exhibited lesser photocatalytic activity than the Cu(II)-CuO
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NPs due to low absorption capacity and large particle size. Moreover, the
recycling experiments were carried out up to 5 consecutive cycles by
using the synthesized Cu(II)-CuO NPs, there is no significant loss in the
catalytic activity. Finally, using microbiological tests, it was determined
that Cu(II)-CuO NPs have outstanding antibacterial and antifungal ac-
tivity against several pathogen bacteria and fungi than Schiff base, Cu
(II) complex, and bare CuO NPs by disc diffusion method and with a
similar effect to that of a conventional drug, therefore potentially it may
be used in bio-medicinal applications.
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Artificial Intelligence technologies on Human
Resource Management: A study with
Reference to Indian It Sector at Hyderabad,
Telangana.
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'Research scholar in business management, Associate professor
12¥0gi Vemana University, Kadapa
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ABSTRACT: Artificial Intelligence is fleetly revolutionizing so numerous diligences at such an intimidating rate that one
similar advanced Al robot, Sophia, joined the panel and was pitched questions during the United Nations’s convention on
sustainable development. Artificial intelligence is producing multiple results for hiring directors including introductory
recruiting tools, intermediate operations and advanced Al results. Al can cover workers' performance, and engagement,
furnishing HR brigades with precious perceptivity. nearly all companies are using artificial intelligence to increase
effectiveness of mortal coffers in IT Sector. The action begins with automated process in reclamation till performance
appraisal of workers. Organizational leaders and mortal resource directors have faith that incorporating artificial
intelligence (AI) into HR functions like on- boarding and administration of benefits can and will ameliorate the overall hand
experience. Artificial intelligence is producing multiple results for hiring directors including introductory recruiting tools,
intermediate operations and advanced Al results. Artificial intelligence (Al) is transubstantiating the mortal coffers field
altogether. In this period of constant change and digital Dearth’s, Chancing the right gift is more grueling than ever. By
using Al and robotization, businesses can identify a different range of top campaigners snappily and fluently, and at a pace
that keeps stride with the frenzied speed of ultramodern business.

Key words: Artificial intelligence, HR brigades, Robotization, Transubstantiating, Introductory recruiting tools ,
Performance appraisal of workers.

INTRODUCTION:

Artificial Intelligence is a system of making a computer, a computer- controlled robot, or a sofiware suppose intelligently like
the mortal mind. Al is fulfilled by studying the patterns of the mortal brain and by assaying the cognitive process. In computer
system , artificial intelligence (AI), occasionally called machine intelligence, is intelligence demonstrated by machines, in
discrepancy to the natural intelligence displayed by humans and other creatures. Computer wisdom defines Al exploration as the
study of " intelligent agents " any device that perceives its terrain and takes conduct that maximizes its chance of successfully
achieving its pretensions. Kaplan and Haenlein define Al as “a system’s capability to rightly interpret external data, to learn from
similar data, and to use those literacy to achieve specific pretensions and tasks through flexible adaption™. Colloquially, the term "
artificial intelligence " is applied when a machine mimics " cognitive " functions that humans associate with other mortal minds.
similar as " literacy " and " problem working ". Artificial intelligence is a computer term which is used for software, machines and
computers.

In the time 1920 during a wisdom fabrication play named Rossum Ovi UniversaLink Robotti which means- Rossum’s
Universal Robots, also more known as R.U.R. by Czech pen Karel Capek the term ROBOT was originally used. The term artificial
intelligence was first introduced by John McCarthy in 1956 in his first academic conference on the subject. But this trip of knowing
this area in further depth had started much before than that. How HR can include Al in their business strategy? By exploiting
machine literacy, the company will see an acceleration in its processes. A long- term approach will involve regarding Al and mortal
labor as a collaboration. By applying a factual approach, the first service to be affected by Al is IT.The compass of Al is disputed
as machines come decreasingly able, tasks considered as taking " intelligence " are fiequently removed from the description, a
miracle known as the Al effect, leading to the idiosyncrasy in Tesler's Theorem, " Al is whatever hasn' t been done yet. " For case,
optic character recognition is constantly barred from "artificial intelligence ", having come a routine technology. ultramodern
machine capabilities generally classified as Al include successfully understanding mortal speech, contendingatthe foftiest position
in strategic game systems (similar as chess and Go), autonomously operating buses, and intelligent r jﬁg-;in-cd[r‘téﬁt“{de!ivery
networks and military simulations. Kaplan and Haenlein classify artificial intelligence into three di ge?(types of Wi-s3
logical. human inspired, and humanized artificial intelligence. S |
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Analytical Al has only characteristics harmonious with cognitive intelligence generating cognitive representation of the
world and using literacy grounded on once experience to inform unborn opinions. mortal- inspired Al has rudiments from cognitive
as well as emotional intelligence, understanding, in addition to cognitive rudiments, also mortal feelings considering them in their
decision timber. Humanized Al shows characteristics of all types of capabilities (i.e., cognitive, emotional, and social intelligence),
suitable to be tone-conscious and tone- apprehensive in relations with others. Artificial intelligence is a computer term which is
used for software, machines and computers.

Humanized Al shows characteristics of all types of capabilities ( i.e., cognitive, emotional, and social intelligence), suitable
to be tone-conscious and tone- apprehensive in relations with others introductory artificial intelligence programs that can help babe
with the sourcing and Webbing processes include screening chatbots and automated social media scraping tools. These tools are
designed to give weak or average pointers about an aspirant’s liability of success with the company. Mya, an Al recruiting adjunct
created by Firstlob, is one similar chatbot that interacts with aspirants to corroborate they meet job conditions, answer questions
and keep them informed on their operation’s status, according to the Society for Mortal Resource Management. This bot
provides24/7 support through converse, textbook communication, Skype or e-mail, and will communicate a mortal when it ca n’t
complete a task. Social media scraping tools are another type of artificial intelligence retaining tool. These bots can collect vast
quantities of data through an aspirant’s social media biographies and use this data to prognosticate certain actions like unborn
engagement situations.

Artificial Intelligence in HRM
Using Al to ameliorate sourcing can greatly enhance an association’s capability to find the right gift at just the right time. Artificial

intelligence (Al) technology has remade the human’s coffers (HR) department, enabling HR professionals to influence machine
literacy and algorithms to streamline their work processes, reduce their impulses, and enhance their analysis and decision- timber.
still, current limitations and vulnerabilities have given some associations break when it comes to espousing Al for fresh use cases.
In this composition, we Il bandy some of the ways Al is changing HR, considerations when espousing it and how far the trend may

go.
SOURCING

The associations must continuously vend their open places due to one of the tightest labor requests in history. Using Al to ameliorate
sourcing can greatly enhance an association’s capability to find the right gift at just the right time. It can help to

« Find the stylish campaigners Uncover campaigners with the stylish match between job conditions and their chops and experience.
Beyond a simple hunt for crucial terms, ML algorithms learn synonymous words that are generally used in resumes.

« Recommend jobs to campaigners’ Prospective campaigners, set up either through organic hunt exertion or a targeted crusade,
admit recommendations to apply for open positions. Al can warn the right people with the right skill sets to available jobs previous
to them advertisement.

= prognosticate seeker performance Al- grounded seeker matching uses HR data to calculate a seeker’s liability to accept a job offer,
design performance issues. and estimate their anticipated term.

Webbing AND Canvassing

A major benefit of Al at the interview stage is the use of digital sidekicks for a further engaging seeker experience, which can

« Help campaigners come more tone- sufficient The entire canvassing process is in their control, from cataloging or canceling to
transferring monuments, participating notes, and recommending coffers for review.

« help hiring directors Al reminds them of forthcoming interviews and provides details on campaigners.

Al can also help overcome subjectivity by gathering data from former workers in analogous places and preparing targeted
questions for hiring directors. This provides lesser focus on the seeker’s skill set, further environment on the nature of the job, and
measures against analogous places in other associations. It allows them to
« Compare campaigners to being top players Use standard data and Al to compare job campaigners with others who have succeeded
in analogous places in the association.
= produce personalized offers estimate the wealth of data points relative to the original request and listed hires by contender,
furnishing a nuanced and strategic view into how places should be banded. Getting indeed more grainy, Al can also increase
retaining efficacity by matching a specific offer with individual job and hand histories to calculate the odds of whether a seeker will
accept.

« Anticipate secker geste prognosticate a seeker’s liability to accept, perform, and remain in the position being offered

ON BOARDING
Onboarding is critical because it sets the tone for the hand’s term. According to exploration by Work Institute encompassing data
from 34,000 exit interviews, roughly of new workers quit within the first time of being hired6. Work Institute estimates that three-
diggings of that development was preventable if onboarding had been handled more effectively. Al helps to Ease the executive
burden Automate delivery and damage of necessary paperwork, company programs, and login information. Al can track which
documents were read, prisoner electronic autographs once way are completed, and remove the need for HR to follow up manually.
Cognitive- supporting decision- making IBM officers, who naturally are promoting thei mAI capabilities through IBM
Watson, also demonstrated ways cognitive machines could help workers arrive at cr 3 oplmons in the plant.
generally. HR platoon members would have to handle these tasks holiday requests wor apqt in for holiday days are

informed that it is doubtful to be approved as numerous others have formerly reserved y in that time: ﬁaﬁnc Determining your
rr' ﬁ
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mood- An hand takes a customer call. After the call, the hand receives feedback that he seems anxious and should take a break
before his meeting. Team training- When an association wants to take a more methodical approach to hand training. platoon
directors are handed a list of training openings for platoon members. Hiring processes- A hiring director is presented with
information that the company’s reclamation approach falls short because it interviews too many campaigners. Cognitive results can
help associations tap into multiple data sources and reveal new perceptivity to help companies develop secker biographies, among
other effects

AITOOLS

Al tools automate down common HR tasks like benefits operation and triaging common questions and requests, HR brigades
will be “free to do further of the creative and strategic work that has a bigger impact on the success of their companies.” There are
tools available that make it easy to make a stoner-friendly experience and to dissect, understand and communicate data, he added.
" You no longer have to calculate on just an Excel spreadsheet full of calculation. " Getting a picture of what's actually passing in
the association is important, Crews noted. " When advanced technology is paired with good liar and visualization, it empowers HR
professionals to have the discussion with the compensation platoon, directors and other decision- makers. " Chatbots Certain
technology. similar as chatbots, can help workers access important information about programs and procedures from anywhere and
at any time. Chatbots communicate by textbook and can be useful for answering common hand questions.
Two- thirds of repliers said that they believe workers are more comfortable using chatbots than other forms of contact for
transactional inquiries about paid- time- off programs, open registration and leaves of absence, according to a 2017 ServiceNow
check of 350 HR leaders. Legal risks When using Al to drive mortal coffers strategy, HR professionals must cover systems for bias.
They need to look out for distant impact which happens when a putatively fair or neutral standard is actually discriminative in
illustration, a recruiting tool may weed out campaigners that are further than 10 long hauls down from the worksite. What if the
neighborhoods girding the worksite are generally made up of rich white families? This hiring criterion could have a distant impact
grounded on race and race (Nicastro, 2018). Recruiting We make numerous opinions on gut sense.
One study showed that utmost hiring directors decide on a seeker within the first 60 seconds of meeting a seeker, frequently
grounded on look. handshake. vesture, or speech. Does we really know what characteristics, gests , education, and personality traits
guarantee success in a given part? No, we do n’t. directors and HR professionals use billions of bones of assessment, tests,
simulations, and games to hire people — yet numerous tell me they still get 30- 40 of their campaigners wrong. Smarter people
analytics For times, companies have been collecting data on their guests to gain perceptivity to prognosticate unborn geste . HR
brigades have a lot of catching up to do in using these people analytics.

Review of Literature

Merlin & Jayam, “ Attificial Intelligence in Human Resource operation - International Journal of Pure and Applied Mathematics(
2018) This paper tries to address the possibilities of how Artificial intelligence is transubstantiating and supporting the Human
Resource functions like reclamation, training, gift operation & retention through real time exemplifications, gives perceptivity on
crossroad of Artificial intelligence & Human resource operation cases and eventually it addresses the unborn impact on the HR
pool. Geetha R & Bhanu Sree Reddy D, “Reclamation through artificial intelligence A abstract study ”( 2018) The major ideal of
this paper is to study. how Artificial Intelligence influences the recruitment strategy. The study also throws light on the techniques
used by companies in Al while recruiting. This study is entirely done based upon secondary sources of information like conceptual
papers,various peer reviewed journal articles, books and websites are used to further explore the concept. Secondary sources such
as Websites, Journals, Reports, Publication of professionals and books are referred for drafting the entire paper.

_| Tan Bailie Head of HR - *An Examination of Artificial Intelligence and its Impact on Human Resources™ (2018) This report tells
about big firms that adopt Al and examine the basics of Al and explore how Al is being applied in HR. It has been developed for
those that would like to learn more about the potential application of AT in HR. It examines both industry and academic sources to
develop representation of Al and its application in business with a specific focus on HR.

_I Malathi Sriram and L. Gandhi, Shri Dharmasthala Manjunatheshwara “Exploring the dynamic Virtus of Machine Learning (ML)
in Human Resource Management - A Critical Analysis of IT industry™ (2017) This paper focuses on the use of machine learning
that has replaced certain functions related to Human Resources Management, specifically in the IT industry. The objective is to
understand the use of Al and ML in HR functions in the IT industry. - To attempt a model based on the findings. A few companies’
cases have been selected in this paper to show howthey transformed their HR processes through the use of Machine Learning.

| Shweta Jain-The Engine Driving the Next Wave of Transformation inBusiness (2017), in this paper author discuss about how
artificial intelligence bring out total digital transformation when the organization well coordinate with the different units like HR,
marketing, Finance, Manufacturing or process. In the report author concluded that HR professionals can make use of different Al
technology and tools for all the functions of HR be it recruitment, selection, training, development, performance management,
compensation and reward management

_| Robert Charlier and Sander Kloppenburg, PwC, Artificial Intelligence in HR: A Nobrainer (2017) - To find right talent against
low costs and in less time, this is a huge argument in today’s organisation. As per this paper which was based on research after the
various aspects of artificial intelligence by the global network of PwC, the mput of business partners, ;m;rwews with experts in the
field, and the valuable remarks of the participants of our Round Table session in October : ; was organised in
cooperation with Seed link.

This study helps us to understand how do we embrace Al successfully with a case study o
found that the main factor for influencing the amount of trainingin the company is the netzij
year and the transition from discrete paradigm of information processing to continuous p
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adapting to environment requirements. The authors have concluded that in the modern business conditions, it becomes more relevant
to use artificial intelligence technologies for decision making Dianna L. et. al (2015) review the current effects of technology on
HR processes and discuss the advantages and potential limitations of using information systems. The authors suggested that the
movement towards her is expected to grow in the future but many of the traditional HR research findings also apply to HR

Objectives
1) To understand the role of Al in today’s Human Resource Management.

2) To understand the reasons of adopting Artificial intelligence.
3) To identify the business outputs of Artificial intelligence.

Sampling Method
The proposed study consist sample from the Indian companies and multinational companies which are established in India.

Convenient and judgement sampling technique has been used to collect the primary data. Sample selection of the companies in IT
sector based on the turnover as well as employee strength of the company.

COMMON CHALLENGES:

1. Talent management: Still, many organizations have yet to fully embrace the opportunity of modern talent management and
continue to experience high turnover due to:

« Passive carcer development: Organizations struggle to deliver on expectations for career growth across the workforce.

+ Traditional succession planning: Many organizations continue to rely on reactive succession planning, leaving organizations
unprepared when employees do leave <Rigid, undifferentiated learning: Traditional learning offerings fail to meet evolving
expectations for more differentiated learning styles and learning content anticipating future skills requirements.

« Compensation expectations: While employers leverage market data to determine compensation expectations, workers continue to
search even after accepting an offer for better opportunities.

2. CAREER DEVELOPMENT:

One of the emerging nuances of work is the evolution of how job seekers and employees achieve career growth. In the distant past,
workers often stayed with their employers for the entirety of their careers and grew from entry level roles into leadership. In order
to retain employees, organizations must take a strategic approach to career development. Employees expect to be offered learning
and career opportunities that help them grow their career and realize their goals. Al offers:

_| Personalized recommendations: Employees can get curated career development recommendations that shift with the business
and maximize career potential. Carefully tailored content not only acts as a supplement to manager guidance but will also show
employees that their employers are invested in their career.

_| Individualized career pathing: Al collects insights around each employee’s career progression and deliver it in a personalized
way. Each person can map their own career path, mapped to specific learning experiences required to bridge current and projected
skills gaps. Providing employees with clarity and necessary tools to make career shifts is one of the best ways to encourage learning

3. SUCCESSION PLANNING:

Even with the best retention strategies, an organization will experience some kind of turnover as employees decide to move on or
retire. When employees with critical skills or domain expertise leave, it can often create huge gaps in the organization that impede
company success and create a negative experience for the employees left in their wake. It is imperative that organizations have solid
succession plans in place to ensure this transition is as smooth as possible. Yet, succession planning can be one of the trickiest parts
of talent management. Leaders struggle to communicate succession plans to their teams and manage an effective process that can
be fraught with bias. Al can help:

_| Identify flight risk: Flight risk prediction draws on different attributes and behaviors in order to formulate its conclusions. The
attributes include employee sentiment, an employee’s mentors and influences, their number of years in a position, how long they’ve
been reporting to their current manager, their potential career path, their salary history, and whether and when they last received a
raise. These all factor into a predicted attrition rate and offer leaders a number of useful cues and clues on how to retain their most
valuable people.

| Uncover most capable successors: Leveraging data models to analyze employee behavior and determine which employees are
ready to step up based on cultural fit, leadership capability, and the accomplishments of past successors.

4. COMPENSATION:

A continuing concern of the labor market is compensation, as workers seek to be paid for their value. In this tight labor market,
employees feel confident in seeking jobs elsewhere or asking for pay raises to improve their quality of life. In this environment,
employers also face the challenge of ensuring the right compensation for the right positions to avoid paying too little or too much.
Leaders must work strategically and seek to understand competitor trends so they can meet employee expectations and keep top
talent. With HR continuing to evolve, it’s important to also change how compensation is determined. Organizations need a wider
range of data to create a strategy that works for their people and matches differences in expe . and skill sets. Al helps

to:
lﬁ/oﬁa'an\deh\p

_| Provide market insights: Al provides a nuanced and strategic view into how roles s y

an‘alyzmg a wealth of
salary data points relative to the local market and available competitor data.
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_| Increase recruiting efficacy: By matching a specific offer with individual job and employee histories to calculate the odds of
whether a candidate will accept.

Research Design

Research Method is quantitative for this study. Scale was designed as per the objective of our study and the data is secondary which
is being analyzed by multiple researches done by many IT companies. Sources of Data Secondary data is collected through research
papers, journals and articles published. We have also taken information from cross- sectional study from various peer reviewed
survey questionnaire. As there were 50% eligible responses that we can use for the single t- test

RESULTS AND DISCUSSION:
TABLE-1
One-Sample Statistics
N Mean Std. Deviation Std. Error Mean
SCORE 50 30.4980 26.84736 3.79679

Table 1 shows the one sample statistics where the mean , and std deviation ,and the error deviation is shown since the error
mean is less than the actual mean this hypothesis is supported sop H1is valid.
Table -2

One-Sample Test
Test Value=0
95% Confidence Interval of the

Significance Difterence
t df One-Sidedp  Two-Sided p Mean Difference Lower Upper
SCORE 8.033 49 <.001 <.001 30.49800 22.8681 38.1279

Table 2 show the one sided and the two sided p value both are in equilibrium so the hypothesis 2 is valid so the H2 is
supported

TABLE -3

One-Sample Effect Sizes
05% Confidence Interval

Standardizer® Point Estimate Lower Upper
SCORE  Cohen's d 26.84736 1.136 776 1.489
Hedges' correction 27.26721 1.118 764 1.466

a. The denominator used in estimating the effect sizes.
Cohen's d uses the sample standard deviation.
Hedges' correction uses the sample standard deviation, plus a correction factor.

Table 3 shows the methods which are used in the one sample effects sizes by these correction methods as the point estimate value
is accurate which resides with the standardizer value.

CONCLUSION:

Artificial Intelligence (Al) provides an impressive way of application in a wide range of area. The inclusion of Artificial
Intelligence (AI) in business has opened doors to limitless opportunities. The future holds infinite possibilities for Artificial
Intelligence (Al) especially when it comes to play in the field of Human Resource (HR). It cannot be denied that Artificial
Intelligence (Al) aid and abet a Human Resource (HR) manager in carrying out different functions effectively and efficiently thus
enabling them to focus on higher value task. But this not the stage where Artificial Intelligence (AI) can replace human beings.
Right from recruitment to performance management there are administrative and repetitive in nature. The complexity of Human
Resource (HR) and its multitude of variables add butter oil to burning flame. Digitalization and automation of work in Human
Resource (HR) provides integrated orientation, experience and real time solution. The integration and adoption of Artificial
Intelligence (AI) has transfigured the role of a Human Resource (HR) manager from manual administrative task to a more strategic
approach. Although Artificial Intelligence (Al) is foreseen as an opportunity and is regarded as a game changer for business to gain
competitive advantage, it also offers certain challenges (Bersin, 2017) which a company need to overcome to avail the full advantage
of it. At the outset, the initial challenges to deal with the redundancy of the data. As the Human Resource data is stored at multiple
locations which is required by different departments, any changes in one set of data may not be reflected in other set thus
acknowledging the problem of data inconsistency. The second concern is to deal with the policy of urity and confidentiality.
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Abstract

Man's greatest asset is his health. It is the origin of man's joy. Nothing may be deemed to be of greater importance
in terms of resources for socio economic growth than the general well-being of the populace. A financial
investment in one's health is a growth of the nation's human resources is essential. Therefore, it is crucial to focus
on improving one's health in order to increase one's quality of life. Article 25 of the Indian Constitution focuses
on the right to health in particular. Everyone has the right to a standard of living adequate for his or her own and
his or her family's health and well-being, including food, clothing, housing, medical care, and necessary services,
as well as the right to security in the event of unemployment, sickness. disability, widowhood, old age, or other
loss of livelihood due to circumstances beyond his or her control. Motherhood and childhood are entitled to special
attention and care. According to various definitions, health can be defined as a state of well-being in which a man
can enjoy the richness of his life. It includes living a longer life and being disease-free. Because health is
influenced by a variety of factors such as adequate food. housing, basic sanitation, healthy lifestyles, protection
from environmental hazards, and communicable diseases, the boundaries of health extend beyond the narrow
confines of medical care. As a result, "health care” implies more than "medical care.” It encompasses a wide range
of "provided services." Health is multifaceted, with each aspect having a significant impact on the person both
internally and outwardly in the society in which they live. It is said that the interaction of two sets of circumstances
determines what a man is and the diseases to which he may be susceptible. These variables interact, and their
effects on health can be either beneficial or detrimental.

Keywords: Healthcare, Service Delivery, Policies, Infrastructure, and Resources

INTRODUCTION

The federal and state governments run the facilities that make up the public healthcare system.
In both urban and urban areas, these public facilities offer reduced or free rates to ilies with
lower incomes. The Indian Constitution divides responsibility for health caf bétwéeen the
central and state governments. State governments bear the burden f’)§ fﬁfasﬁﬁsﬁfe,

330|V18.103




S&ybeld

BENARN DOI 10.17605/0SF.10/273GX

employment, and service delivery, while the national government is still in charge of medical
research and technical education. Issues that affect multiple states are included in the
concurrent list, which is found in the ninth Schedule to the Indian Constitution. For instance,
preventing the spread of infectious or contagious diseases between states is one example the
national government has significant fiscal control over the health systems of the states, despite
the states' considerable autonomy in their management. In the areas of health and family
welfare, major communicable disease prevention and control, and the promotion of indigenous
and traditional medical practices, the Ministry of Health & Family Welfare is instrumental in
the implementation of numerous national programs. In addition, the Ministry provides
technical assistance to states in order to prevent and control the spread of seasonal disease
outbreaks and epidemics. Service of Well-being and Family Government assistance causes use
either straightforwardly under Focal Schemes or via awards in-helps to the independent/legal
bodies and so forth. NGOs and the Ministry is implementing several World Bank-supported
programs for the control of AIDS, Malaria, Leprosy, and Tuberculosis in designated areas in
addition to the 100% centrally sponsored family welfare program.

OBJECTIVES
1) To know the status of the urban health management system in the study area
2) To evaluate the policies implemented by the government of AP.
3) To identify the problems and suggestions for better health management.
Need for the study

To analyse about the status and working of health care system in Andhra Pradesh, the
investigator wants to study the implementation of health care policies conducted by the
Government through aspects like Awareness, Knowledge, Quality and Satisfaction among the
beneficiaries and attitude, supervision and coordination by the officials of healthcare officials
in Andhra Pradesh.

Hypothesis of the study

1) It is perceived that majority of the respondents do not have awareness about the health
policies and schemes

2) It is perceived that majority of the respondents have less satisfaction with the services
of health centres.

3) It is perceived that majority of the respondents expressed negative opinion on the
services available.

Tools and Techniques

Basing on the nature of work and objectives of the study, two popular tools —Questionnaire
method and personal interview have been employed in the present study=for-eficiting the
required information from the primary source. The facts and figures ar _A_,d‘_)‘h/iﬁiiﬁﬁtébq’fhrough
the bar charts for the purpose of analysing the data based on averages and S
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RESEARCH METHODOLOGY

The data collected have been processed by using simple arithmetic techniques and by using
computer. Averages and percentages are worked out to bring accuracy in understanding and
presentation of the data. The collected data have been analyzed in the light of stated objectives
using suitable classifications and tabulations.

REVIEW OF LITERATURE

In his 2009 paper, Duggal examined the National Urban Health Mission (NRHM)'s public
health budgets. It stated that the NRHM flagship will continue to sink unless radical changes
in budgetary and financing mechanisms are put in place by granting full autonomy to those
who directly run the public health system. Among the many reasons for the failure of NRHM
to increase funds in the public health sector are fungibility with the states, central control on
health resources, and so on. Claeson and others, According to the Millennium Development
Goals (MDGs) to be achieved by 2015, of which nearly half concern health, combating
HIV/AIDS, malaria, and other diseases, reducing child mortality, and eradicating extreme
poverty and hunger While some objectives have been accomplished, such as the nutrition
objective, the lowest quintile of a nation's population is on track to achieve it; In most low-
income nations, it is unlikely that the goal of reducing child mortality will be met. The capacity
to scale up by 2015 will depend on a combination of sound policies and additional funding, but
all nations can make progress.

Duggal (2006) examines the budget's health allocations in light of the National Common
Minimum program's commitments and trend 54 in state government spending, with a focus on
the National Urban Health Mission. Using data on public health expenditures at the state level,
Bhat and Jain (2004) conducted an analysis of public health expenditures. According to the
findings, state governments aim to allocate approximately 0.43 percent of State GDP (SGDP)
to health and medical care, which does not include allocations received from centrally
sponsored programs like family welfare. They believe that the goal of spending 2% to 3% of
GDP on health seems like an extremely lofty goal given the current level of spending and state
governments' financial situation. Additionally, the analysis suggests that when the SGDP
changes, the elasticity of health expenditures is only 0.68, meaning that for every one percent
increase in state per capita income, per capita public healthcare expenditures rise by
approximately 0.68 percent.

According to Chauhan (2001), factors outside of the medical field, such as the environment,
socioeconomic factors, information and communication, the availability of health services,
utilisation of health services, age structure of the population, and so on, influence health. The
public health approach addresses all of these health determinants, requiring inter-disciplinary
coordination and collaboration across sectors. They said that an effective public health system
is the only way to reduce India's high rate of disease, disability, and death. In addmon_, they
stated that, while urban areas have a higher proportion of deaths from non- co;nmumcable;-.;

diseases (56 percent), urban areas have a higher proportion of deaths from cdmnw’mcable

maternal, prenatal, and nutritional conditions (41 percent).
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Rahman has examined the use of location-allocation models in health service development
planning in developing nations and Smith (2000).Their review aims to determine whether these
approaches are appropriate for designing health care systems and how they relate to issues of
overall development in developing nations. Duggal and Jesani (1992) discuss the significance
of morals in clinical practices. They emphasize that principles 55 of non-malfeasance,
beneficence, autonomy, and justice must serve as the foundation for ethics enforcement. At the
same time, it highlights serious issues like malpractice, organ trading, unethical practice, and
the commercialization of health care, among others, and it calls for a powerful patient
movement to uphold ethics and implement systemic reforms. There were only 28 colleges
affiliated with the university when it first opened its doors. The number has now increased to
348! It is anticipated that it will continue to expand, expanding the university's boundaries. The
number of affiliated colleges in each field can be found below.

S. No Speciality Number of affiliated colleges
1 Modern and advanced medicine 40
2 Department of Dentistry 21
3 Ayurveda department 7
4 Homeopathy department 6
5 Unani medicine 2
6 Department of Nursing 213
7 Naturopathy and Yoga 2
8 Department of Physiotherapy 38
9 Medical laboratory and technology 54

Super specialties in modern medicine and postgraduate courses in all other faculties are two
examples of the university's rapid expansion of services. New certificate and fellowship
programs in the fields that are in high demand and tailored to Andhra Pradesh's current disease
profile are currently being actively considered. In addition to regular academic activities, the
university organizes and funds CMEs, teacher training programs, speeches, guest lectures by
well-known people, and other similar events.

Analysis of Data Interpretation

Service management

S. no Response No of respondents Percentage
1 Satisfactory 185 62.00
2 Unsatisfactory 115 38.00
Total 300 100.00

Source: Primary Data
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Above table shows that 62.00 percent of respondents expressed about the service delivery was
more satisfactory and 38.00 percent of respondents stated that service delivery and treatment
facilities are not upto the mark of satisfaction level.

Table 5.24: Quality service

S. no Response No of respondents Percentage
1 Satisfactory 215 72.00
2 Unsatisfactory 85 28.00
Total 300 100.00

Source: Primary Data

Quality
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10 .

%

0 == [ [— B
Satisfactory Unsatisfactory Total
1 2

H No of respondents ™ Percentage

Above table shows that 72.00 percent of respondents expressed about the ambulance service
was satisfactory and 28.00 percent of respondents stated that ambulance service facilities are
not upto the mark of satisfaction level.

Table 5.25: Infrastructure facilities availability

S.no Response No of respondents Percentage
1 Available 165 55.00
2 Unavailable 135
Total 300

Source: Primary Data
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Aabove table shows that 55.00 percent of respondents expressed about the infrastructure
facility available and 45.00 percent of respondents stated that the facilities was not sufficient
as per the requirement of the health centeres in the study area.

Table 5.26: Health Equipment’s availability

S.no Response No of respondents Percentage
1 Available 195 65.00
2 Unavailable 105 35.00
Total 300 100.00

Source: Primary Data

Health equipment
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0 - =EE
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H No of respondents ™ Percentage

Above table shows that 65.00 percent of respondents expressed about the equipents of
healthcare management available and 35.00 percent of respondents stated that the health
centeres in the study area were not equiped the wards in the compound..
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FINDINGS OF THE STUDY

D

2)

3)

4)

5)

6)

More than half of those polled agreed that health centres have a sufficient number of
medical testing labs, with 58,000 of those polled expressing concern about the lack of
such facilities.

It was reported that more than half of respondents, or 58.00 percent, complained about
longer registration times for Outpatients in the healthcare system. 33% of the patients
who were surveyed expressed concern about the waste management process and stated
that the district's PHCs did not properly manage waste.

Respondents agreed, with 79.00% saying that hospitals had adequate drinking water
facilities and 21.00% saying that public health centres (PHCs) in the district did not
have adequate drinking water facilities.

It was discovered that 38.00% of respondents stated that treatment facilities and service
delivery do not meet satisfaction standards.

Quality service facilities were not up to the mark of satisfaction for 28.00 percent of
respondents, according to their perception of satisfaction.

According to the findings, 45.00% of respondents said that the infrastructure facility
did not meet the needs of the health centres’ in the study area, and 55.00% of
respondents said that the infrastructure facility was available.

SUGGESTIONS

)

2)

3)

4)

5)

6)

In the study, the importance of ensuring a consistent supply of all essential medications
and improving the quality of medicines should be emphasized.

The healthcare system's technical staff must regularly supervise and monitor clinical
and laboratory facilities to improve them. In order to ensure that patients who are
waiting for a consultation have access to sufficient furniture and clean drinking water,
officials must keep an eye on the facilities.

The environment must be kept clean and hygienic on a regular basis. The toilets must
be cleaned according to the schedule on a regular basis.

There was a need for health care workers, including doctors, to become motivated to
help the underprivileged community and provide services with complete dedication to
their responsibilities.

In order to better understand the beneficiaries, there is a need for increased promotion
and awareness of the health plans in the study area.

In order to win the support of the populace, it is necessary to raise the quality of the
medicines and guarantee a consistent supply of all necessary medication
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CONCLUSION

It is necessary to take action in the health sector: If the international community does not act
quickly, "famine, malnutrition, and the resulting diseases will continue," "natural resources will
continue to decline," and "conflicts over scarce resources like water will become even more
common." The Organization calls for eradicating pockets of poverty within nations, including
among refugees, and reducing poverty in the poorest nations. Legislation that promotes health
and equity is the key to economic growth and the end of poverty.
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Keywords:

In the present study, CuO NPs and CuO nano-needles were synthesized using thermal decomposition of Cu(lT)
complex derived from 2-(4-(trifluoromethoxy)phenylimino)methyl)-6-methoxyphenol (TMPM6MOP) and char-
acterized by UV-vis DRS, PL, FTIR, XRD, and SEM. The monoclinic crystalline nature of the CuO NPs and CuO
needles was illustrated by the XRD. The average size of the CuO NPs (30 nm) and CuO needles (diameter 10 nm,
length 250 nm) were estimated from XRD and SEM. The prepared CuO needles were used as a fluorescent sensor
for the selective and sensitive detection of ciprofloxacin (Cipro) among various antibiotics at diverse pH
(4.0-9.0) conditions and the optimized pH = 5.0. The response of Cipro using the CuO needles was linear over
the range from 10 to 100 M L. This sensor showed the lowest limit of detection of 0.21 nM and was much
lower than the other antibiotic sensors. In addition, the sensor is highly sensitive, selective, and durable in the
presence of a range of potentially interfering fluorometric active compounds due to the large surface area and
positive surface charge of the CuO needles. Moreover, antimicrobial activities and antioxidant activities were

CuO needles
[Cu(TMPM6MOP),] complex
Antibiotics detection
Fluorometric sensing
Antioxidant activity
Bacterial growth inhibition

investigated to evaluate the biological potential of the CuO NPs and CuO needles.

Introduction

A great deal of work has been carried out on the synthesis and
characterization of transition metal complexes with Schiff base ligands
and further development of nanomaterials from metal complexes,
mainly due to their applications in fluorescence sensors, catalysts, and
biologically active agents [1-”|. In recent years, Schiff base ligands
containing imine moiety have attracted considerable attention because
of their facile synthesis leading to various structures as well as their
useful activities, especially biological ones. Furthermore, these Schiff
base derivative compounds show remarkable biological activities which
are greatly related to their metal complexation ability | 3|. The com-
plexes with transition metals (such as manganese, copper, and nickel)
were found to have antibacterial, antifungal, and cytotoxicity activity
[4]. Comparing to other metal complexes, Cu(II) complex have proved
to be one of the best metallic species that have wide anticancer activity
due to the selective permeability of cancer cell membranes to copper
compounds [ 5]. In addition, copper can trigger the generation of ROS in
human cells [©]. The several biological activities of Cu(I) complexes
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including DNA binding |7 |, DNA cleavage || anti-cancer |9/ and anti-
microbial activities [10] have been documented extensively in the
literature. The Cu(I) complexes are considered the best alternative to
cis-platin complexes in the scope of anticancer activity mainly due to
their biocompatibility and significant functions in biological systems
[11]. For instance, they can accumulate in cancerous cells due to the
selective permeability of their membranes to copper compounds |1 1.
Also, Cu(1l) complexes have been widely utilized in metal-mediated
DNA cleavage for generating activated oxygen species.

Recently, nanostructure-based metal oxides have been studied in the
field of nanotechnology both from a fundamental and industrial point of
view. The metal oxide nanoparticles (MONPs) prepared from earth-
abundant and inexpensive metals have attracted considerable atten-
tion because of their prospect as viable alternatives to the expensive
metal-based catalysts used in many conventional chemical processes.
The great interest in catalysis using MONPs has prompted the synthesis
and investigation of a diverse range of highly functionalized CuO
nanostructures |1 3], The copper-based materials which are cheap and
environmentally friendly are especially attractive in this context due to
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the high abundance of Cu in nature and the available simple and
straightforward techniques to synthesize these materials. Also, Cu-based
materials can promote and undergo a variety of reactions due to the
wide range of accessible oxidation states of Cu such as Cu(0), Cu(l), Cu
(IT), and Cu(IIT) which enable reactivity via multiple pathways. Because
of these distinctive properties, Cu-based metal oxide NPs are widely
used as catalysts in various organic transformations, sensors in the
detection of metal ions, antibiotics, and toxic pollutants; and biological
agents | 14|. However, it is challenging to develop a synthesis method for
CuQ NPs with a unique shape that is highly active, selective, stable, and
robust for utilizing various applications [13-15].

Recently, nanoparticles synthesized from Schiff base derived tran-
sition metal complexes have been reported | 13,167, The synthesis of
MONPs from the Schiff base transition metal complexes was one of the
most suitable method, because the products obtained were of more
purity and with perfect structure | 1 6-18]. Among various MONPs, CuO
NPs is one of the simplest and industrially important semiconductor
materials belonging to the monoclinic structure system with a narrow
bandgap energy of 1.2 eV with potential applications in various fields
such as heterogeneous catalysis, field electron emitters, magnetic stor-
age media, sensors, batteries, solar cells and supercapacitors [19-25].
CuO nanostructures with various sizes and morphologies have been
prepared via several methods such as chemical precipitation [19],
sonochemical [2U], solvothermal [21], hydrothermal [22], thermal
decompositions [23], electrochemical/biological [24], and exploding
wire techniques (25, The thermal decomposition of transition metal
complexes is one of the simplest and least expensive techniques for
preparing nano-sized transition-metal oxides, which is simple and no
need for a template and costly apparatus [26]. However, the use of
expensive and toxic chemicals as stabilizing or capping agent in most of
these methods limits their use in wide range, so simple thermal
decomposition method was used for the synthesis of CuO NPs for various
applications such as sensors and biological fields.

Antibiotics, which possess the advantages of strong antibacterial
activity and low cost, have been widely used for human medical treat-
ment and veterinary. However, the abuse of antibiotics could result in
their accumulation in human body or foods and thus lead to public
health issues, for instance, causing cytotoxicity, nephrotoxicity, allergic
reactions and bacterial resistance [27]. Therefore, it is crucial to develop
sensitive, simple, facile, selective and rapid analytical methods for
monitoring antibiotic level in foods and human body, which may further
improve food safety and facilitate proper drug administration. Common
analytical methods include high performance liquid chromatography
(HPLC), liquid chromatography-mass spectrometry (LC/MS), capillary
electrophoresis (CE), and gas chromatography (GC), etc., which are
capable of simultaneous detection and quantification of antibiotics.
However, these methods usually require expensive/large equipment,
professional operators, time-consuming and laborious procedures,
limiting their on-site detection and real-time monitoring potential.
Apart from them, fluorescent sensors seem to be a good candidate
meeting the requirements of antibiotic monitoring, which offer the
benefits like high sensitivity, good selectivity for rapid analysis of wide
variety of samples | 28].

Based on the above facts, herein we have reported the synthesis of
CuO NPs and CuO needles from the Schiff base derived Cu(Il) complex
by thermal decomposition via calcination method and characterized by
various physicochemical methods such as UV-vis absorption, PL, FTIR,
powder XRD, and SEM techniques. The fluorescence sensing perfor-
mance of CuO needles was also evaluated against various antibiotics in
an aqueous media. Further, the CuO NPs and CuO needles were analyzed
for their antioxidant and antimicrobial activities.
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Experimental
Materials and methods

All chemicals were of analytical reagent grade and were used as
received. Copper acetate (Cu(CH3COOQ)2-H20), methanol, ethanol,
ether, acetone, hexamethylenetetramine, NaOH, 4-(trifluoromethoxy)
benzenamine, and 2-hydroxy-3-methoxybenzaldehyde were obtained
from Sigma-Aldrich Chemicals Pvt. Itd. (India). Double distilled water
was used as a solvent for all experiments. Antibiotics (levofloxacin,
ciprofloxacin, norfloxacin, lomefloxacin, enrofloxacin, ofloxacin, mox-
ifloxacin, and gatifloxacin) collected from Medchem Laboratory,
Hyderabad.

Synthesis of Schiff base

The Schiff bases were synthesized by mixing the hot methanolic
solutions of (25 mL) of 4-(trifluoromethoxy)benzenamine (10 mM) and
(25 mL) of 2-hydroxy-3-methoxybenzaldehyde (10 mM) in 1:1 ratio
with stirring and refluxing at 60-70 °C temperature on an oil bath for
2-4 h. The colored precipitates resulted were isolated by filtration and
recrystallized from methanol. An outline of the synthetic procedure is
presented in Scheme 1,

Analytical data of TMPM6MOP:

Elemental analysis (%): Molecular formula C;sH;2F3NOs; Found:
C, 57.79; H, 3.80; N, 4.41.Calculated: C, 57.88; H, 3.89; N, 4.50.

'H NMR (400 MHz, CDClg): & = 13.37 (s, 1H), 8.63 (s, 1H),
7.34-6.91 (m, 7H), 3.96 (s, 3H), Fig, 51

13C NMR (100 MHz, CDCl3): § = 163.1, 161.5, 148.6, 146.2, 134.8,
131.8, 130.2, 121.4, 120.0, 119.7, 118.2, 117.9, 117.5, 33.9, 28.3,

IR (KBr)(cm ™) vion) 3451, vae=N) 1623, vic—o) 1160, Fig. 52

F5CO NH;
H o)
OH MeOH., 2-4 h
60-70 °C
reflux
R® R!
R2 V R’
HO R2
N

F,CO

Scheme 1. Schematic route for the synthesi
(TMPM6MOP: R! = OCH3, R2 = H, R® = H).
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UV (DMSO0) A max/nm(cm™): 244 (40983), 283 (35335), l'ig. 54
MS (ESI): m/z = 312 [M + H] ¥, Fig. 55

Synthesis of [Cu(TMPM6MOP),] complex

The synthetic route for the preparation of [Cu(TMPM6MOP),]
complex as shown in Scheme 2, The Cu(lI) complex was synthesized by
using metal salt (copper acetate) and Schiff base (TMPM6MOP) in 1:2 M
ratio. The hot methanolic solutions of 10 mM of metal acetate such as
[Cu(CH3C00),-H,0] and Schiff base (TMPM6MOP; 20 mM) were mixed
and refluxed for 2—4 h at 70-80 °C. The reaction solution was kept aside
at room temperature for slow evaporation. The red colored precipitate
was filtered off, washed thoroughly with methanol and dried in
desiccators.

Analytical data of [Cu(TMPM6MOP),] complex

Elemental analysis (%): Molecular formula [C3pH22FgN206Cu],
Found: C, 52.55; H, 3.24; N, 4.02, Cu, 9.20. Calculated: C, 52.68; H,
3.24; N, 4.10; Cu, 929

IR (KBI‘)(CHI ) YicH=N) 1595, vc—0) 1172, v 0) 552, vpm-_n)466,

UV (DMSO) A ™**nm(em~'): 259 (38610), 305 (32786), 380
(26315), 580 (17241) Fig. 57

Magnetic moment (jleg): 1.76 BM

MS (ESI): m/z = 685 [M + H]™, Fig. &

ESR: g|| (2.149), g,(2.069), G(2.10), A||Gauss(cm ) 181(0.01 68)),
g||/A|| (cm) (128) Fig. 59

TGA: 70 % decomposition up to 800 °C Fig. 510

R‘l
HO R2
N
A R3
H

MeOH, 3-6 h
70-80 °C
reflux

/O/OCF;;
=
w—-\O

Scheme 2. Schematic route for the synthesis of Cu(II) complex from Schiff base
ligand (TMPM6MOP: R' = OCH3, R = H, R® = H; and M = Cu).

F,CO

[Cu(CH;CO0),. H,0]
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Synthesis of CuO NPs

In a typical synthesis, copper(II) acetate solution (10 mL; 0.375 M)
and appropriate volume of water were mixed together in a stopper glass
vessel under continuous stirring at 65 °C. After 10 min of stirring, 13 mL
of NaOH solution (1.125 M) was added dropwise to raise the pH of the
reaction mixture to 12. The reaction mixture was further heated at the
same temperature under constant stirring for 2 h. After that, the reaction
mixture was allowed to cool down to room temperature naturally. The
product was isolated by centrifugation at 10000 rpm for 10 min. The
isolated product was purified by two cycles of washing with water and
centrifugation. Finally, the solid mass was dried in a vacuum oven at
60 °C for overnight. The dried product was subjected to calcination in a
muffle furnace at 400 °C for 2 h to remove the hydroxyl ions or water
molecules if attached to the product.

Synthesis of CuQ needles

The CuO needles were prepared from the precursor [Cu
(TMPM6MOP),] complex by the simple thermal decomposition method
via the calcination process. The prepared Cu(Il) complex (50 mg) was
taken in a porcelain crucible and heated to 580 °C in an electric furnace
for 2 h. The decomposition product generated from the complexes was
cooled to room temperature and kept in desiccators. The pure CuO
needles were obtained and further characterized by various spectral
studies.

Characterizations

X-ray powder diffraction (XRD) pattern was obtained using a Phi-
lips/X'PertPro X-ray diffractometer (CuKa, A = 0.15406 nm). FT-IR
spectra were recorded at a Bruker-Tensor 27 by embedding the mate-
rial in KBr discs in the range of 400-4000 cm ™, Electronic spectra were
recorded at 25 °C using a Cary 50 UV-Vis spectrophotometer. Micro
analyses for C, H, and N were performed using a ThermoFinnigan Flash
Elemental Analyzer 1112EA. Melting points were determined with the
help of an Electrothermal Apparatus-9200. 'H NMR spectra for the
ligand were recorded on a Bruker Advance III, 400-MHz NMR spec-
trometer using DMSO-dg solvent and TMS as internal standard. The EPR
spectrum was recorded on a Bruker spectrometer operating in the X-
band and using 100-kHz magnetic field modulation. The thermogravi-
metric analysis of the complexes was recorded on a Perkin Elmer STA
6000 thermal analysis system within the temperature range 25-800 °C.
The SEM micrographs were recorded on a ZEISS EVO scanning electron
microscope at 200 kV acceleration.

Fluorometric detection of antibiotics

In a typical experiment of fluorometric detection of antibiotics, first,
we add 10 pL various antibiotics including levofloxacin, ciprofloxacin,
norfloxacin, lomefloxacin, enrofloxacin, ofloxacin, moxifloxacin, and
gatifloxacin (5 pM), 50 pL of CuO NPs solution (3 nM), 10 pL of 0.1 M
PBS buffer (pH 5.0), and 20 L ultrapure water to a 100 pL centrifuge
tube. The mixture was vortexed and then incubated for 5 min at room
temperature. Next, the reaction mixture was incubated at 4 °C for 45
min. Use a pipette to move the mixed solution to a quartz cuvette to
measure the fluorescence spectrum. The whole experiment process was
carried out at 4 °C. The CuO NPs bound to the antibiotic solution were
removed using ultracentrifuge and the supernatant then analyzed using
fluorescence spectroscopy with excitation at 340 nm and an emission
scan range of 200-800 nm. The results were compared with the cali-
bration plot in order to evaluate the error within the assay. Further, to
evaluate the detection range and sensitivity of the platform, we analyzed
different concentrations of ciprofloxacin under optimized conditions.
The fluorescence gradient test of ciprofloxacin
investigate the detection range of this fluorescen
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Antioxidant activity

The capacity of CuO NPs to scavenge the stable free radical DPPH
was monitored using the different concentrations of the sample (4 mL)
dissolved in 1 mL of methanol solution of DPPH radical (500 uM). After
vortexing the mixture, it was left to stand at incubator at ambient
temperature for 30 min. The A™ of the resulting solution was read
spectrophotometrically at 517 nm. Through the present study the
ascorbic acid was applied as a control. The percentage of DPPH decol-
ourization was calculated using the following equation, which repre-
sents the radical scavenging activity (RSA):

RSA (%) = Ag — As / Ay x 100

where Ag is the absorbance of the control, and A is the absorbance of the
sample. Furthermore, RSA% and RSA50% are percentage of the extract
required to decay a special amount of DPPH free radicals and 50 %
DPPH free radicals, respectively.

Antimicrobial activity

The antimicrobial activities of the synthesized Schiff base
(TMPM6MOP), precursor (copper acetate), their [Cu(TMPM6MOP),]
complex, and as-prepared CuO NPs were determined using a modified
Bauer-Kirby method |”5]. Briefly, 100 uL of the pathogenic bacteria/
fungi were grown in 10 mL of fresh media until they reached a count of
10® cells/mL for bacteria or 10° cells/mL for fungi [297. The 100 L
microbial suspensions were spread onto agar plates corresponding to
both pathogens in which they were maintained. The isolated colonies of
each organism were selected and tested for susceptibility by the disc
diffusion method. A filter paper disc impregnated with the tested
chemical was placed on agar. The prepared agar plates were filled with
gram-positive and gram-negative bacteria such as Escherichia coli (ATCC
27853), Pseudomonas aeruginosa (ATCC 25922), Staphylococcus aureus
(ATCC 25923), and Bacillus subtilis (ATCC 19659); and fungi such as
Aspergillus niger and Candida albicans were incubated at 25-27 °C for
24-48 h. The prepared Schiff base, Cu(Il) complex, CuO NPs, and CuQ
needles suspension (10 uL) was added to the discs. The samples were
initially incubated for 15 min at 4 °C (to allow diffusion) and later on at
37 °C for 24 h. Positive test results were scored when a zone of inhibition
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was observed around the discs.
Results and discussion
XRD study

The X-ray diffraction (XRD) study was undertaken to determine and
to confirm the crystalline structure of synthesized CuO NPs and CuQ
needles; and displayed in Fig. 1. It shows the appearance of diffraction
pattern at angle of 20 = 32.7, 35.8, 38.9, 49.0, 53.7, 58.5, 61.8, 66.3,
72.6 and 75.4 which are assigned to the crystal planes of (110), (002),
(111), (200), (020), (202), (311), (220), (311) and (004), respec-
tively, which is correlated to monoclinic phase of CuO NPs (JCPDS file
no.: 48-1548) [26]. No characteristic peak due to any impurity was
observed in the XRD, it is suggesting the formation of pure crystalline
CuO. The average size of the CuO NPs and CuQ needles was calculated at
the diffraction peak of 26 = 38.9° by using the Debye-Scherer equation.
The average crystallite size in the synthesized CuO NPs and CuO needles
is10 £ 2 nm.

D=09Xx/pcosd

where 1 is the wavelength of the X-ray radiation (0.154 nm), 0 is the
diffraction angle, and p is the full width at half maximum (FWHM).

SEM study

In order to confirm the surface topography and study the morpho-
logical evolution of the synthesized CuO NPs by using SEM analysis. The
SEM image of the synthesized bare CuO NPs (Fiy. Za-b) shows the
presence of smaller sized spherical CuO NPs which are assembled in a
particular fashion to form some larger sized spheres of sizes about less
than 100 nm. As it can be seen, there are voids within these spherical
structures. The SEM images of the synthesized needles shaped CuO
composite from Cu(I) complex was shown in Fig. 2(c-d). The length and
diameter of the needles shaped CuO was measured is in the ranges from
less than 250 nm and 10-20 nm, respectively. This clearly indicated that
the presence of Schiff base derived Cu(II) complex restricts the growth of
the composite during needles formation and get less aggregation in a
particular orientation to form needle-like structures. It may be
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Fig. 2. SEM images of the synthesized (a-b) bare CuQ NPs and (c-d) Cu(II) complex derived CuQ needles.

mentioned that the size of CuO NPs calculated from the XRD study is
different from those observed in SEM study. The possible reason is that,
SEM measures the particle size, whereas XRD also can measure the
crystallite size which is the coherent diffracting crystalline domains
(crystallite) that is different from the particle size [30].

UV-vis DRS

The light-absorption characteristics were measured to identify the
important features responsible for the various applications of CuO NPs
and CuO needles were synthesized via the thermal decomposition
method. The UV-vis absorption spectra is a potential measure for the
identification of the synthesized CuO NPs and CuO needles and it was
displayed in Tig. 2. It can be seen as, the formation of CuO NPs, which
was confirmed by the characteristic surface plasmon absorbance at the
wavelength of 374 nm with an absorption edge at 450 nm. The value of
optical bandgap for CuO NPs and CuO needles, as obtained from the
absorption onset is 3.21 eV and 3.32 eV, respectively, which is much
larger than the bulk value (1.85 eV) [31]. It is observed that the
UV-visible peak of CuO needles is shifted to a lower wavelength
(blueshift) and higher intensity corresponding to an increase in bandgap
value. It might be appealed that the blueshift is a result of less electro-
n-phonon coupling, lattice distortions, and localization of charge car-
riers due to defect-interface interactions [327.

Photeoluminescence

The photoluminescence (PL) emission spectra were widely carried

CuO needles
= CuO nanoparticles

1.2

1.0

0.8

F(R)

0.6

0.4

0.2

0.0 —rnrr—-7-—7-—-——"T—"—T——T
200 300 400 500 600 700 800
Wavelength (nm)

Fig. 3. UV-vis DRS of the synthesized bare CuO NPs and Cu(ll) complex
derived CuO needles.

out to examine the efficiency of charge carrier transfer and the lifetime
of photoinduced electron-hole pairs in CuO systems. Fig. 4 dJsplays the
PL spectra of the synthesized CuO NPs and CuQ needles at an exe
wavelength of 385 nm, and one distinct emission band ata b
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Fig. 4. PL spectra of the synthesized bare CuO NPs and Cu(II) complex derived
CuO needles.

can be observed, which is in agreement with the literature [33]. The
intense nature of the PL signal observed for the CuO NPs revealed that
rapid photoinduced electron-hole pair recombination occurred
following light irradiation [32]. The PL intensity of CuO needles is much
lower than that of CuO NPs, indicating that efficient charge transfer
takes place in the CuO needles. The PL results indicated that CuQ nee-
dles uniformly arranged and effectively suppressed electron-hole pair
recombination | 341,

FTIR

FT-IR analysis was carried out to detect the probable functional
groups present in the synthesis of CuO NPs and CuO needles. ['iz. 5
shows the FT-IR spectra of the synthesized CuO NPs and CuO needles. In
the FTIR spectra, the strong absorption bands range from 3200 to 3485
em™?, which are attributed to free hydroxyl groups and their intra/
intermolecular H-bonds of phenoclic compounds. The sharp peaks
appeared at 2922, 1618, and 1398 cm ™! were related to saturated hy-
drocarbons (C—H), C=0, and C=C aromatic stretching frequencies
respectively. The observed bands are due to lattice vibrational modes

175 -

CuO needles
CuO nanoparticles

150

£ 125 4
@
Q "
=
g 100 -
£
w
g 75 4
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50—
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4500 3750 3000 2250 1500 750
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Fig. 5. FTIR spectra of the synthesized bare CuO NPs and Cu(ll) complex
derived CuO needles.
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representing the functional groups of Cu(II) complex supported CuO
needles. The peak at 1473 cm™! and 1627 cm™! was assigned to the
bending vibrations of sp®-bonds of aromatic moieties and carbonyl
stretching frequencies respectively. The different organic functional
moieties surrounded over CuO NP are specified by the peaks observed at
1263, 1174 and 1051 cm™". The phonon bands were seen at 505 cm™!
and 585 cm™! represent the stretching vibration of Cu-O bond in
monoclinic CuO NPs and CuQ needles [35].

Fluorescence detection of antibiotics by CuO needles

Before using the synthesized CuO needles to selective and sensitive
detect Cipro, a single material CuO needles was used to perform the
fluorescent selective detection on Cipro among various antibiotics
including levofloxacin, ciprofloxacin, norfloxacin, lomefloxacin, enro-
floxacin, ofloxacin, moxifloxacin, and gatifloxacin. In order to improve
the accuracy of the detection results, the pH and response time during
the experiment were optimized. The fluorescence intensity changed
with the change of the pH value within the range of 4-9, and it has the
most response when pH = 5 and it was displayed in Fig. 6. So, pH = 5
was selected as the optimal pH value for the whole fluorescence sensing
activity. During the detection experiment, 20 L antibiotics such as
levofloxacin, ciprofloxacin, norfloxacin, lomefloxacin, enrofloxacin,
ofloxacin, moxifloxacin, and gatifloxacin (1072 M) were separately
added dropwise to the synthesized CuO needles solution (Fig. 7(a)).
Once Cipro was added, the fluorescence intensity of the nanosheets
decreased rapidly, and did not change apparently with the increase of
time other than antibiotics. It is obvious that the fluorescence intensity
of CuO needles can be barely impacted by the response time.

The effect of some interferences like various antibiotics to the fluo-
rescence intensity at 548 nm of CuO needles material was studied. The
results show that the fluorescence intensity ratio is obviously changed
by adding Cipro, while other interferences have little effect on the
fluorescence intensity ratio, indicating that the CuO needles can achieve
selective Cipro detection. Ciprofloxacin was selectively detected with
the above-mentioned optimal conditions. With the Cipro concentration
increase from 0 to 100 pM L™, the fluorescence intensity at 548 nm
gradually decreases ('iz. 7(b)). Within the range of 15-70 uM L™ con-
centration of Cipro, the change in fluorescence intensity (Fg — F) shows a
goad linear relationship with the Cipro concentration (Fig. 8). The linear
regression equation is (Fg — F) = 0.341 [TC] + 1, and the calculated
minimum detection limit (LOD) is 0.21 nM, which is much lower than

0.55
d . .
—aA~— Ciprofloxacin
0.50
0.45 -
u-ﬁ
-~ 0.40 4
B ] A
% 0.35- \ /
0.30 ,-;\ /
A
0.25 r T T T T T T T T T
4 5 6 7 8 9

pH

Fig. 6. The pH optimization of antibiotics (ciprofloxacin) for fluorometric
detection using the synthesized Cu(Il) complex derived CuO
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Fig. 7. The fluorescence emission spectra of the synthesized CuO needles with the effect of various antibiotics (a) and effect of increase the concentration of Cipro
from 10 to 100 uM L.
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Detection of ciprofloxacin in water samples

In order to further evaluate the anti-interference ability of

fluorescent probes and the feasibility of this dual emission ratio fluo-
rescent probe for rapid and ultra-sensitive detection of Cipro in practical
acteal water
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increase of Cipro concentration. In addition, the ratio of the fluorescence
intensity of the probes in the two water samples was approximately the
same, and no significant difference was observed (T:hl¢ 1), The fluo-
rescence intensity ratio has a linear relationship with the Cipro con-
centration and a good recovery rate of standard addition is obtained.
The results show that the detection system has the same results as the
laboratory conditions of deionized water, which can effectively elimi-
nate the interference of coexisting substances, which proves that the
probe has excellent selectivity. At the same time, it proved the accuracy
and reliability of the probe in measuring Cipro in environmental
samples. .

Antioxidant activity

DPPH is a stable compound and accepts hydrogen or electrons from
donor materials. In the present study, antioxidant activity of the CuO
NPs was evaluated against DPPH with different concentrations (0-3
puM). The effective free radical inhibition was observed for both CuO NPs
and CuO needles was shown in Iig. 9. The average percentage inhibition
of CuO NPs and CuO needles was 58.82 % and 76.23 % and the activity
was increased with increasing concentrations of CuO NPs and CuO
needles (CuO NPs < CuO needles). The superoxide anions which are free
radicals generated by transferring an electron play an important role in
the formation of other reactive oxygen species such as hydrogen
peroxide, hydroxyl radical, or singlet oxygen in living systems [ 33]. Due
to their scavenging power, antioxidants are useful for the management
of diseases, such as neurodegenerative, cancer and AIDS diseases. An-
tioxidants can also react with nitric oxide to form peroxynitrite, which
can generate toxic radicals, such as hydroxyl radical [29]. Among these
materials, the maximum DPPH radical scavenging activities were ob-
tained from CuO NPs and CuO needles is 1.64 and 1.31 uM. The anti-
oxidant activity of the CuO needles was prominent and comparable with
that of the standard ascorbic acid; as well as the antioxidant activity of
the CuO NPs was lower than that of the ascorbic acid in the DPPH free
radical scavenging assay and CuO needles. However, CuO needles also
showed higher antioxidant activity than the Schiff base and Cu(II)
complex.

Antimicrobial activity

All the synthesized Schiff base, precursor, Cu(ll) complex, as-
prepared CuO NPs and CuO needles were screened in-vitro for their
biological activities such as antibacterial and antifungal activities using
gram positive and gram negative bacteria such as Escherichia coli (ATCC
27853), Pseudomonas aeruginosa (ATCC 25922), Staphylococcus aureus
(ATCC 25923), and Bacillus subtilis (ATCC 19659); and fungi such as
Aspergillus niger and Candida albicans) by using disc diffusion method.
Ampicillin (antibacterial agent) and ketocanazole (antifungal agent)
served as positive controls for antimicrobial activity and a filter disc
impregnated with 10 pL of solvent (DMSO) was used as a negative
control. During the incubation time, the tested samples (Schiff base, Cu
(I) complex, CuO NPs, and CuO needles) were exhibited prominent
antimicrobial activity for the inhibition of bacteria and fungi growth and
it was shown in Fig. 10(a-b). Among them, the synthesized CuO needles
were exhibited maximum activity than its Schiff base, Cu(II) complex,
and CuO NPs against gram positive bacteria due to their small size and
effectiveness, they show efficient inhibition mechanisms inside the cell

Table 1
The Results for the determination of Cipro in real water sample.
Sample Added Founded Recovery (n = 3, RSD (n = 3,
(uM) (uM) %) %)
Tap 15 16.598 104.21 3.895
water 25 26.158 102.32 2,157

35 37.021 98.35 2.956
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Fig. 9. The antioxidant activity of the synthesized bare CuO NPs and Cu(II)
complex derived CuO needles.

of microorganisms [40].

Based on these observations, it can be concluded that synthesized
CuO needles had strong antibacterial activity against bacteria belonging
to both Gram-positive and Gram-negative bacteria as well as fungi. CuO
needles have an important antibacterial property due to their large
surface area, which helps them to make closer contact with microor-
ganisms. Furthermore, the Gram-negative bacteria seemed to be more
resistant to CuO needles than Gram-positive bacteria [41 |. It was earlier
reported that the interaction between Gram-positive bacteria and NPs
was stronger than that of Gram-negative bacteria because of the dif-
ference in cell walls between Gram-positive and Gram-negative bacteria
[41]. These findings suggest the use of synthesized CuO needles as a
potential antimicrobial agent. The smaller size and homogeneous
morphology of the nanoparticles are consistent with their excellent
antimicrobial activity [39]. Although the structures of the bacterial cell
walls are different and the biocidal effect could be dependent on the
bacterial species, the CuO needles have the potential to cause cell death
as a consequence of electrostatic interactions between the liberated
metal ions and the negatively charged bacterial cell wall, subsequent
disruption of the cell membrane and protein denaturation [42]. In
addition, the CuO needles reache inhibition levels similar to those of a
conventional antimicrobial drug.

Conclusions

The present study reported a simple and low-cost approach for the
synthesis of monoclinic bare CuO NPs and CuO needles from Cu(II)
complex derived from 2-(4-(trifluoromethoxy)phenylimino)methyl)-6-
methoxyphenol (TMPM6MOP) by the thermal decomposition method
without expensive and toxic solvents or complicated equipment. The
prepared both CuO NPs and CuO needles were characterized using XRD,
FTIR, UV-vis DRS, PL, and SEM techniques to estimate the band gap
energy, structure, phase, and shape of the CuO NPs and CuO needles.
From XRD and SEM, the synthesized CuO NPs and CuO needles have a
monoclinic structure with an average diameter of the particles is 10 & 2
nm and the length of the CuO needles is ~ 250 nm. The fluorescence
detection method is proposed for detecting Cipro among various anti-
biotics by the synthesized CuO needles. The selective detection of Cipro,
when Cipro is added to CuO needles from Cu(ll) complex acts as a
response unit to coordinate with Cipro to form ; reby
sensitizing the characteristic emission peak at 548, :
of Cipro concentration (0-100 pM), the fl
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Fig. 10. (a) Antibacterial and (b) antifungal activities of the synthesized bare CuO NPs and Cu(II) complex derived CuO needles.

decreases continuously. So, the purpose of detecting Cipro can be ach-
ieved by changing the ratio of fluorescence signals. The linear range of
this ratio fluorescent probe for detecting tetracycline is 15-70 pM, the
minimum detection limit is 0.21 nM. The antibacterial activity of the
synthesized CuO NPs and CuO needles was performed by disk diffusion
method using Gram +ve and Gram-ve bacteria and the results are
suggesting as CuO needles have prominent than other samples. The
antioxidant activity results revealed that the CuO needles show a
maximum than CuO NPs and are comparable to standard. Consequently,
CuO needles have the potential for external uses as sensors and anti-
bacterial agents in surface coatings on various substrates to prevent
microorganisms from attaching, colonizing, spreading, and forming
biofilms in indwelling medical devices.
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ARTICLE INFO ABSTRACT

Keywords: Biogenic synthesis of bimetallic nanoparticles (BMNPs) have important applications in medicine and catalytic
Bimetallic nanoparticles reactions due to their emerging properties. In this study, we report a new approach for the synthesis of bio-
;:];E’S‘;fl 2 functionlized bimetallic silver, gold, and copper (Chry@Ag-Au, Chry@Ag-Cu, and Chry@Au-Cu) nanoparticles
eites . - . . A - i + .
IV driige degridation using Chry as bioreductant and capping agent, which is a natural anticancer bioflavonoid emerged as potential

drug therapy for cancer treatment. The synthesized BMNPs were characterized by Fourier Transform Infrared
Spectrophotometer (FTIR), Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), X-
ray diffraction (XRD), BET analysis, zeta potential, and UV-Vis spectrometer to know the shape, size, structure,
surface area, and bandgap energy. BMNPs were tested for the catalytic degradation of HIV drugs (stavudine
(STV) and zidovudine (ZDV)) in the presence of NaBH4 as a reducing agent in an aqueous medium. The
maximum degradation (= 96 %) of STV and ZDV was observed in 18 min of reaction time using Chry@Ag-Au
BMNPs in the presence of NaBH, and reused up to 5 consecutive runs without significant loss of catalytic ac-
tivity. The synthesized BMNPs (20 pg/mlL) were determined to estimation of antimicrobial activity against
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Bacillus subtilis bacteria, as well as fungi such
as Aspergillus niger and Candida albicans respectively by well diffusion method.

Biological agents

1. Introduction treatment are slow and non-destructive. Therefore, an efficient method

is needed for the removal of these highly carcinogenic substances [©].

Increasing the use of organic contaminants in industry and agricul-
ture; environmental safety becomes one of the serious problems for the
scientific community [1-2]. Among various organic contaminants, dyes
as well as antibiotics are frequently used organic pollutants which are
discharged into the environment [2]. Currently the removal of these
contaminants becomes a key scientific interest and their removal from
the wastewater is definitely related to the quality of life. For the last few
decades, there has been increasing demand for the removal of toxins,
carcinogenic and mutagenic molecules from waste effluents [ 1 ). Thus,
different biological, physical and chemical treatment methods have
been employed for elimination of dye effluents from the aqueous envi-
ronment, including adsorption, filtration, coagulation-flocculation,
reverse osmosis, precipitation, chlorine or hydrogen peroxide treatment,
ion-exchange adsorption, membrane systems and bacterial cells [ 1.5 5].
The aforementioned conventional methods available for wastewater
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The catalytic degradation of organic pollutants using MNPs is an
important way for elimination of pollutant molecules without produc-
tion of secondary toxic substances |7]. Currently, large numbers of
BMNPs have been effectively used for the degradation of organic mol-
ecules {8-11].

Recently, BMNPs in the development of nanobiotechnology is among
the fastest-growing research fields that involve the development of tiny
nanomaterials with medical and industrial applications via a green
approach | 11]. These BMNPs exhibit unique properties because of their
higher surface area to volume ratio and ultra-small size. Thus, different
biological assets, such as bacteria, fungi, algae, marine organisms, and
plants, have been explored for their ability to generate these particles
[12-14]. The advantage of green synthesis over conventional chemical
synthesis is that it is eco-friendly and cost-effective | 1 2]. These bioactive
compounds could reduce metal ions as well as stabilize the structure and

2211-7156/© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativ ecommons.org/licenses/by-

nc-nd/4.0/).




D. Ayodhya er al.

stability of nanoparticles |17]. The interaction of biomolecules with
metal ions results in the formation of conjugated nanoparticles, which
exhibit higher efficiency than the free biomolecule. Among the bio-
molecules, Chrysin (CHY) (5, 7—dihydroxy flavone), a phenolic com-
pound (flavone), is a natural part of dietary supplements. It is
abundantly found in honey, passion flowers (Passiflora incarnate and P.
caerulea), Oroxylum indicum, and propolis [ 15]. CHY possesses excel-
lent medicinal properties, including anti-cancer, antioxidant, antibac-
terial, antifungal, anti-parasitic, and anti-diabetic activities

BMNPs plays an important role in many application area such as
catalytic, energy, sensor technology, electronics, biological, and optical
devices [1,7 . BMNPs are technologically superior to mono-
metallic nanoparticles thanks to their advanced optical, electronic, and
catalytic properties |17-19]. Other than the usual morphological ma-
nipulations, the variations in the molar ratio of the individual compo-
nents provide a diverse dimension in tailoring the properties of BMNPs.
BMNPs were possess enhanced catalytic activity and selectivity
compared to their single metallic counterparts | 1. Recently, the cat-
alytic activity of Au-Ag alloy compositions for aromatic amines pre-
pared by the reduction of nitrocompounds have significant industrial
importance as they are widely used as the intermediates for the synthesis
of dyes, pharmaceuticals and agrochemicals was reported | 20|. Also, the
azo dyes characterized by the presence of (N=N) group used in dyeing,
textile, paper, leather, cosmetics and food processing are found to be
hazardous for human health and environment |21 |. From our research
group has been reported mono metallic NPs for various catalytic,
sensing, and biological applications |7 13 22 24,

In the present study, we have synthesized and characterized
Chry@Ag-Au, Chry@Ag-Cu, and Chry@Au-Cu BMNPs using Chry as a
direct bioreductant and capping agent. BMNPs were used to investiga-
tion of catalytic degradation of HIV drugs (STV and ZDV) in the presence
of NaBH4 as a reducing agent in an aqueous medium. BMNPs were
determined to have prominent antimicrobial activity against Escherichia
coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Bacillus subtilis
bacteria, as well as fungi such as Aspergillus niger and Candida albicans,
respectively to know the efficiency in biomedical applications.

2. Experimental
2.1. Materials and methods

All chemicals were of analytical grade and used without further
purification. Chloroauric acid (HAuCly, CAS number: 16903-35-8, 99 %
purity), copper sulfate pentahydrate (CuSO45H20, CAS number:
7758-99-8, 98 % purity), silver nitrate (AgNO3), NaOH, Chrysin, and
sodium borohydride (NaBH,) are procured from Sigma Aldrich Chem-
icals Pvt. ltd, India. Double distilled water was used as a solvent
throughout experiments.

2.2. Synthesis of Ag-Au, Ag-Cu, and Au-Cu BMNPs

In a typical synthesis of Chry@Ag-Au BMNPs was performed by
adding 12.5 mL of 0.02 M AgNO3 and 12.5 mL of 0.01 M HAuCl, in a
Falcon tube. Then, the tube was mixed and heated until reaching 60 °C.
When the temperature was reached, 2.5 mL of the Chrysin was added to
the mixture (2:1:1 proportion), kept at constant stirring, and heated at
80 °C for 1 h. The NPs formation was monitored and confirmed by a
change of color from transparent to brown (for silver) or black (for gold).
The reaction mixture was cool at room temperature, centrifuged at
15000 rpm for 10 min, and the supernatant was discharged. The ob-
tained product was solidify and washed with 70 % ethanol, left to dry at
room temperature for 24 h, and finally lyophilized (Free Zone 6, Lab-
conco, Kansas City, MO, USA) for another 24 h. In a similar way, we
have synthesized Chry@Ag-Cu and Chry@Au-Cu BMNPs with their
corresponding precursors under identical reaction conditions as
mentioned above.
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2.3. Instrumentation

The synthesized BMNPs are optically analyzed using Perkin Elmer
Lambda-35 UV-Visible spectrophotometer (L3R 3 V6, Canada) to esti-
mate bandgap energy. The morphology of the synthesized particles was
better determined from images recorded using Zeiss EVO18 and Tec-
naiG2 transmission electron microscope (TVIPS GmbH, Germany). FTIR
spectra recorded using IR-Prestige-21 Shimadzu spectrometer (Tampa,
Florida 33626) help to recognize the bioactive compounds in Chrysin
that are associated with the reduction and stabilization of metal ions.
The crystallographic structure of the prepared samples is probed using
the XRD patterns obtained from XPERT-PRO diffractometer (United
Kingdom). The catalytic potential of synthesized BMNPs in the chemical
degradation of HIV drugs is investigated using PerkinElmer Lambda-35
UV-Visible spectrophotometer (L3R 3 V6, Canada). The specific surface
area of the BMNPs were recorded by using N; adsorption-desorption
isotherms with ASAP-2000 instrument (Malvern instrument ltd., Mal-
vern, UK). The stability of BMNPs was determined using the zeta po-
tential (DLS, Malvern instrument Ltd., Malvern, UK).

2.4. Catalytic activity

To investigate the catalytic activity of synthesized Chry@Ag-Au, Ag-
Cu, and Au-Cu BMNPs for the degradation of HIV drugs including STV
and ZDV. The samples were neutralized with acid/alkali and/or diluted
two times with water. The catalytic degradation studies were conducted
in acidic (0.1 M HCl for ZDV and 0.01 M HCI for STV), neutral (water)
and alkaline (0.1 M NaOH) solutions by using the synthesized
Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs. After completion of the study,
in the catalytic reaction, the suspension was collected and monitored for
chemical changes using a UV-vis spectrophotometer at approximately
254 nm for STV and 266 nm for ZDV, which are the characteristic ab-
sorption peaks of the drugs. The degradation of STV and ZDV from water
was evaluated by using the change in color of the solution with the re-
action proceeds. The entire reaction procedure is monitored by using
UV-visible spectrophotometer. The catalysts could be readily recovered
by simple filtration after completion of the reaction and reused for 5
consecutive cycles. The percentage of degradation (D%) in each reaction
is calculated using the following equation.

_ Ag—A,
Ay

Wherein, A is the absorbance at time is 0 min and A, is the absor-
bance at different time intervals.

D(%) x 100

2.5. Antimicrobial studies

The antimicrobial potential of fabricated Chry@Ag-Au, Ag-Cu, and
Au-Cu BMNPs were comparatively studied by using a well diffusion
assay against various bacterial and fungal strains. All the bacterial
pathogens (Escherichia coli, Staphylococcus aureus, Pseudomonas aerugi-
nosa, and Bacillus subtilis bacteria, as well as fungi such as Aspergillus
niger and Candida albicans) were cultured in the Mueller-Hinton (M—H)
broth at 37 °C and then sub-cultured in M—H agar overnight. Then, the
bacterial colonies were suspended in 2 mlL of sterile saline, and the
inoculum of test pathogens was prepared by adjusting the turbidity of
bacterial suspensions to 0.5 McFarland (1.5x10° colony forming units
CFU/mL) by diluting the sterile saline. All the bacterial and fungal
pathogens inoculum was uniformly swabbed onto Mueller-Hinton (MH)
agar plates separately using sterilized cotton swabs. Meanwhile, the
synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs (20 pg/mL) were
loaded into each well, and ampicillin and ketoconazole were used as
positive controls. After overnight incubation at 37 °C + 0.2 °C, the
formation of clear zones around the well was measured with a zone scale
and compared.
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3. Results and discussion
3.1. Optical absorption studies

The optical properties and LSPR (localized surface plasmon reso-
nance) effect of Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs were investi-
gated by using UV—vis absorption spectrometer. /"= | shows the UV-vis
absorption spectra of different Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs.
It can be seen from /3. 1, a physical mixture of the individual colloids
have different surface plasmon peaks, those are corresponding to their
combination of BMNPs | “5]. In addition, a SPR band tuning from pure
Ag to pure Au as a function of Ag—Au ratio can be obtained in an alloying
process having an different electron density and it leads to the broad-
ening and red shift of plasmon frequency [ 25]. It was found that Ag-Cu
(584 nm) and Au-Cu BMNPs (456 nm) have high bandwidth as
compared to Ag-Au BMNPs (426 nm) but the scattering efficiency of
Ag-Au BMNPs is maximum as compare to the other BMNPs with the
same size and surrounding medium. Therefore, from the comparison, it
was found to be that Ag-Au BMNPs have high bandwidth and large
tunability of LSPR, which are the most important factors while consid-
ering the efficiency of catalytic activity [ 25 ]. Thus, with consideration to
low cost and high efficiency in catalysis, the Ag-Au BMNPs may be good
candidate for catalytic applications as compared to Ag-Cu and Au-Cu
BMNPs.

3.2. XRD analysis

The crystalline nature and structure of the prepared Chry@Ag-Au,
Ag-Cu, and Au-Cu BMNPs are further confirmed by using XRD analysis.

.. 2 shows the XRD spectra of the synthesized Chry@Ag-Au, Ag-Cu,
and Au-Cu BMNPs. In all XRD patterns of BMNPs, the strongest peak
was observed at 38.26° which corresponds to the predominant growth in
the direction of (111) plane. The (200) plane can be attributed to the
peak at 44.40° and other two reflections were observed at 64.56° and
77.66° are assigned to the (220) and (31 1) planes respectively [ ¢ |. All
the four diffraction peaks for BMNPs reveal that they are crystallized in
fee structure. In addition, individual metals (Ag, Au and Cu) have very
similar lattice constants and hence no lattice constants mismatch is
observed for BMNPs and all reflections in the XRD pattern resemble to
that of monometallic counterparts. The obtained XRD results were
demonstrated that the Chry@Ag-Au, Au—Cu and Ag-Cu BMNPs are FCC
structure and have good crystallinity with a strong (111) crystal plane
orientation.
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Fig. 1. UV-vis absorption spectra of the synthesized Chry@Ag-Au, Ag-Cu, and
Au-Cu BMNPs.
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Fig. 2. Powder XRD patterns of the synthesized Chry@Ag-Au, Ag-Cu, and Au-
Cu BMNPs.

3.3. FTIR spectrum

FTIR measurements are carried out to identify the possible functional
groups in Chrysin, which is responsible for capping and efficient stabi-
lization of the synthesized Ag-Au, Au-Cu, and Ag-Cu BMNPs as shown
in Fig. 5. The FTIR absorption bands at 3405 cm™!, 2358 cm™, 1626
em™), and 1084 em™! in the spectrum corresponded to the O—H
stretching vibration of the phenolic hydroxyls, stretching vibrations of
C—C bonds, carbonyl stretching vibrations and C-OH vibrations,
respectively, which are present in Chrysin | | 5 |. The relative decrease in
the intensity of phenolic hydroxyl stretching band in the spectrum of
Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs indicate the partial role of
phenolic hydroxyls in the reduction mechanism by donating electrons
and forming quinones. The appearance of a band at 1378 cm ™! in the
functionalized spectrum of BMNPs corresponds to the C—O stretching
modes derived from the Chrysin. The complete disappearance of the
C=C stretching vibrations in the FTIR spectrum of BMNPs can be
attributed to the breaking of organic residues of Chrysin during the re-
action [ 27|. The similar mechanism involves the role of phenolic hy-
droxyls and Chrysin in the reduction and stabilization of individual
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Fig. 3. FTIR spectra of the synthesized Chry@Ag-Au, Ag-Cu, and Au-
Cu BMNPs.
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BMNPs.
3.4. SEM analysis

In general, the structure of nanoparticles have much attention due to
their interesting catalytic and biological properties, which are mostly
dependent on their surface morphology and size. In order to evaluate the
surface morphologies of Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs by
using SEM analysis (I'i;. “a—c). The obtained SEM images of BMNPs
have smooth surface, spherical morphology, and dispersed on the sur-
face of Chry in BMNPs. The three kinds of BMNPs arrays exhibit hex-
agonal non-closed arrangement with the central distance between the
two nearest-neighboring structural units of 500 nm. It indicates that
each structural unit has near-spherical shape with uniform size, and the
average diameter of Chry@Ag-Au, Ag-Cu and Au-Cu BMNPs was 196 +
4 nm, 213 & 5 nm, and 230 + 8 nm, respectively.

3.5. TEM analysis

The UV-vis spectroscopic investigations on the formation and
morphology of NPs can be more elaborately evidenced with the help of
TEM analysis. 11z, 5(a-c) shows TEM images of Chry@Ag-Au, Ag-Cu,
and Au-Cu BMNPs formed by the simultaneous reduction of Cu, Au,
and Ag ions respectively in the molar ratio 1:1 by aqueous Chrysin so-
lution. The morphology of BMNPs can be seen at higher magnifications.
The particles are predominantly spherical and occasional aggregations
lead to a very small percentage formation of pentagonal and spherical
shape structures. The particles in i'i2. & show a uniform contrast for each
NP suggesting homogenous electron density within the volume of the
particles with an average size <10 nm indicating the formation of tiny-
sized BMNPs. The obtained results were commensurate well with the
data obtained from UV-vis absorption and SEM studies from which we
can reasonably estimate the interaction of Cu, Ag, and Au in the BMNPs.

3.6. BET analysis

In general, the catalytic reactions of the BMNPs as catalysts is related
to the structure, size of the particles, as well as its specific surface area
and porosity as pore size distribution of the catalyst. Therefore, the
surface area and structure of the Chry@Ag-Au, Ag-Cu, and Au-Cu
BMNPs were investigated by Ny adsorption-desorption isotherms and
specific surface area were estimated by the BET equation and the ob-
tained results were shown in Fiz. 6. From the obtained results, the iso-
therms of Chry@Ag-Au, Ag-Cu, and Au-Cu BMNP exhibits a type IV with
a hysteresis loop, which indicates the presence of mesopores and the
obtained results have pore diameter in the range of <15 nm |2%]. The
BET surface area (Spgr) of the Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs
were estimated as 25.14 m%*/g™}, 16.55 m?/g~}, and 12,53 m%/g~},
respectively. In this regard, the maximum surface area having BMNPs is
assigned to the high surface roughness of the Chry@Ag-Au BMNPs,
which may be beneficial for the prominent heterogeneous catalytic
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response for the various degradation reactions.
3.7. Zetapotential analysis

The zeta potential was used to estimate the charge on synthesized
Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs, and the findings are displayed
in I'ig 7. It shows that repulsive forces exist and may be utilized to
predict nanoparticle stability [29]. The synthesized Chry@Ag-Au, Ag-
Cu, and Au-Cu BMNPs have a negative zeta potential of —-11.21 mV,
—20.84 mV, and -21.2 mV as a dispersant respectively. The produced
Ag-Au, Ag-Cu, and Au-Cu BMNPs can be attributed to their enormous
stability and lack of agglomeration for up to several months due to their
negative potential.

3.8. Catalytic activity for the degradation of HIV drugs

In order to compare the catalytic activity of the synthesized
Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs for the degradation of HIV
drugs such as STV and ZDV in the presence of NaBH4 as a reducing
agent. The degradation capability of the synthesized samples (Chry@Ag-
Au, Ag-Cu, and Au-Cu BMNPs) towards STV and ZDV was also studied
under identical reaction conditions. The degradation of STV and ZDV
drugs spiked wastewater effluents by UV-vis spectroscopy by using the
synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs, and it was shown
in i 9(a and b), respectively. On the addition of an adequate aqueous
suspension of Ag-Au BMNPs, the color of the reaction mixture gradually
diminishes with time and becomes colorless. For STV and ZDV, the
maximum degradation efficiency is approximately 95.76 % and 91.45 %
in 18 min of reaction time by using Chry@Ag-Au BMNPs compared to
the other Ag-Cu and Au-Cu BMNPs as shown in T2b/c | and I'i=. 9(a and
b) due to the small particle size and large surface area | (/. In addition,
the results showed that the degradation efficiency of the Chry@Ag-Au
BMNPs was higher than that in both cases, which is mainly attributed
to the relatively low molar absorption coefficients for the drugs and an
efficient adsorbent for adsorption of drugs from aqueous medium | 70|

The kinetics of the catalytic degradation of STV and ZDV using the
synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs is periodically
followed by UV-vis spectroscopy and shown in ['i5. 1((a and b). The
decrease in intensity of absorption around their corresponding wave-
lengths and gradually decreasing is monitored as a function of time. The
BMNPs concentration is in excess during the reaction and hence
considered constant compared to the concentration of HIV drugs. The
reaction kinetics is hence assumed to follow pseudo-first order and can
be described by the following equation:

[ Cl
k=Ing

where k is the pseudo-first order rate constant, t-reaction time, C; and Cg-
concentration of the HIV drugs at time 't’ and "0’ respectively. The plot
of In(C/Cyp) against time shows a linear relation as shown in I'iz. 10(a
and b) and the slope of the linear graph directly gives the rate constant

Fig. 4. (a-c) SEM images of the synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs, respectively.
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Fig. 5. (a-c) TEM images of the synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs, respectively.
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Fig. 6. Ny adsorption-desorption isotherms of the synthesized Chry@Ag-Au,
Ag-Cu, and Au-Cu BMNPs.
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Fig. 7. Zetapotentials of the synthesized Chry@Ag-Au, Ag-Cu, and Au-
Cu BMNPs.

for each reaction. The observed rate constants for the synthesized
Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs were summarized in Table 1

The better catalytic efficiency can be attributed to the large surface-to-
volume ratio of BMNPs and the improved activity of BMNPs relative
to their particular counterparts (1. The improved catalytic activity of

BMNPs than that of their mono-metallic counterparts can be accounted
for by the electronic charge transfer effects between the nearby elements
'52]. For Chry@Ag—Au BMNPs, the ionization potential of Au and Ag is
9.22 and 7.58 eV respectively. The electronic charges could transfer
from Ag atoms to Au atoms in a particle, leading to an increase in
electron density on the Au, thus acting as catalytically active sites for the
redox reaction to proceed in a kinetically favorable manner

3.9. Reusability of the BMNPs as catalyst

The reusability of a catalyst is a key aspect to evaluate its efficiency
that is a crucial factor from eco-friendly and economical points of view.
In this regard, we carry out the reusability of the synthesized
Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs catalysts in the degradation
reactions of HIV drugs (STV and ZDV) under the optimized conditions
(i, 11). After completion of the reaction, the catalyst easily is sepa-
rated by centrifugation from the reaction solution, washed with acetone,
dried and reused in the next run (up to 5 consecutive cycles). It is found,
that the present BMNPs system is one of the most effective catalysts for
the degradation of HIV drugs and could be successfully recovered from
the reaction mixture and reused for five consecutive catalytic cycles
without significant loss and the slight decrease in the catalytic activity of
the catalyst. The observed partial activity loss might be due to incom-
plete catalyst collection, surface deactivation, and decreased adsorption
capacity (1]

3.10. Antimicrobial activity

The estimation of antimicrobial activides of the synthesized
Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs by well diffusion method
against various bacterial pathogens (Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa, and Bacillus subtilis) as well as fungal
strains (Aspergillus niger and Candida albicans). The antibacterial results
showed that Chry@Ag-Au BMNPs inhibited the growth of all tested
pathogens. A higher zone of inhibition was exhibited in Ag-Au BMNPs
compared to Ag-Cu BMNPs and Au-Cu BMNPs. These Ag-Au BMNPs
showed a higher zone of inhibition (ZOI) against Pseudomonas aeruginosa
with the tested concentration (20 pg/mL) of all samples (1. 17). Ac-
cording to the obtained results of inhibition growth of fungi, it was
observed that the synthesized Chry@Ag-Au BMNPs had a lethal effect
against Aspergillus niger fungi among all tested fungal strains than Ag-Cu
and Au-Cu BMNPs under identical experimental conditions. Hence, the
results indicated that Chry@Ag-Au BMNPs possess a wide range of
antimicrobial activity due to their synergistic properties. In addition, the
observed inhibiting action of Ag-Au might be due to the electrostatic
interaction (complex formation and/or attachment to cell membrane)
between Ag-Au and various constituents of bacteria cell wall such as
DNA, cellular protein and especially -SH groups of cysteine, S-containing
amino acid, which imparts antibacterial efficacy in a concentration-

dependent manner [22]. It is well known that protein has sulfur-
{”ﬁm\
\S)
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Fig. 8. Catalytic degradation performances of the HIV drugs such as (a) STV and (b) ZDV by using the synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs.

Table 1
The catalytic degradation parameters for the degradation of HIV drugs using the
synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs.

HIV drugs Degradation efficiency (%)/Rate constants (min-1)
Ag-Au Ag-Cu Au-Cu

STV 95.76/0.325 91.78/0.311 86.61/0.273

ZDv 91.45/0.304 87.98/0.281 85.41/0.266

containing amino acid cysteine, which contains three possible coordi-
nation sites at the -NH2, -COOH, and -SH centers | 27 |. Out of these,
sulfur has been established as the most susceptible to gaining electrons
from the oxidizing species. As a result, the primary structure of the
protein changes due to denaturation, inhibits the respiration processes,
and finally causes cell death |23 24].

4. Conclusions

The present work deals with a facile synthesis of Ag-Au, Ag-Cu, and
Au-Cu BMNPs using Chrysin as a capping and stabilizing agent. The
synthesized BMNPs were characterized by UV-vis, FTIR, SEM, TEM,
XRD, BET analysis, and zeta potential techniques. From these
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techniques, the shape, size (<10 nm), surface area (25.14 mz/g“l, 16.55
m?/g~}, and 12.53 mz/g"l), and structures (FCC) of the synthesized
BMNPs were confirmed. The synthesized BMNPs were tested for the
catalytic degradation of HIV drugs (STV and ZDV) in the presence of
NaBH, as a reducing agent in an aqueous medium. For STV and ZDV, the
maximum degradation efficiency is approximately 95.76 % and 91.45 %
in 18 min of reaction time by using Chry@Ag-Au BMNPs compared to
both Ag-Cu and Au-Cu BMNPs. It is noteworthy that the catalyst could be
used five times without a significant loss in its catalytic activity. These
BMNPs (20 pg/mL) were determined to have prominent antimicrobial
activity against Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, and Bacillus subtilis bacteria, as well as fungi such as Asper-
gillus niger and Candida albicans respectively. Among them, it was
observed that the synthesized Chry@Ag-Au BMNPs had a lethal effect
against Pseudomonas aeruginosa (20.11 + 0.05 mm) bacteria and
Aspergillus niger (12.98 + 0.05 mm) fungi among all tested bacterial and
fungal strains. These biogenic BMNPs synthesized in this study suggest
the design of bio-based bimetallic catalysts with high catalytic perfor-
mance to prevent environmental pollution as well as act as biological
agents.
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Fig. 9. Catalytic bar degradation images of the HIV drugs such as (a) STV and (b) ZDV by using the synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs.
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Fig. 10. Catalytic kinetic analysis of the HIV drugs such as (a) STV and (b) ZDV by using the synthesized Chry@Ag-Au, Ag-Cu, and Au-Cu BMNPs.
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Abstract: A single-phase Photovoltaic (PV) system that is based on an Maximum Power Point Tracking
(MPPT) and use the perturb and observe algorithm to track the extreme power point. As a consequence
of interactions between a variety of semiconductors and changing loads, the input source suffers from power
quality concerns such as harmonic distortion, voltage sags, and voltage spikes. These issues are caused by
fluctuating loads. As a method for enhancing the excellence of the electricity, the Grid-connected PV and
Neural Network System was suggested as a solution. The Perturb and observe algorithm (P&Q)-based MPPT
technology offers a solution to the issue of partial shadowing, in addition to other unbalanced components that

are problematic for PV arrays. Due to the fact that each PV cell in the system’s two panels is identical, it
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is possible to connect the panels in series in order to generate more power. The output of this PV array can
be estimated by taking into account how it reacts to various kinds of irradiation. Back Propagation Neural
Network-P&O technology, which also enhances convergence and accuracy, can be rummage-sale to lower the
total Harmonic Distortion of photovoltaic array systems.

Key words: Back Propagation Neural Network, Photovoltaic, Perturb and observe algorithm, Maximum
Power Point Tracking, Grid.

1. INTRODUCTION

The goal of grid-connected solar power generation systems is to extract as much useful electricity as
possible from the sun’s energy. Particle swarm optimization using back propagation neural networks
and the perturb are two examples. You can choose between these two options. In a variety of setups,
the algorithms supply the DC link controller with the reference voltage. This method automatically
identifies the extreme power point of the dual PV array by using a BPNN-P&O-based algorithm and
a predetermined number of power assessments of the PV system. For short, we'll just call this ap-
proach "this method.” Data can be automatically retrieved as characteristics using this method. Some
examples of this include the I-V curve, radiation, and temperature. The most common approach to
capturing this solar energy involves making use of PV cells and modifying their output such that it sat-
isfies our requirements. Solar modules have become significantly more valuable in the field of renewable
energy as a result of recent developments in power management made possible by Maximum Power
Point Tracking (MPPT) algorithms. Figure 1 depicts the rapid growth of photovoltaic systems into a
dependable and flexible source of electricity. The fact that the conversion efficiency for the creation

of electric power is quite low (9-17%) is one of the most significant drawbacks of PV generation systems.

DC-AC
/" 5 Inverter |
| A ‘
| i z
DC Supphy | AC Load
i
|
PWM Neural
Scheme s Network

Figure 1. Schematic Representation of a DC-Powered Neural Network

The Biological Problem-Solving Network Model (BPNN) is a mathematical model that is used
to represent biological brain networks and the function that these networks play in the process of
problem solving. The conclusion is a forecast of the outcome that is calculated using the inputs as well
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as the objectives of the training process. There are many different kinds of neural networks, the most
common of which being neural networks and layer 1 multilayer perception (MLP) networks. Within
the multilayer perceptual network, the processing terminals are linked to one another through weighted
connections, and each layer of the network possesses a straightforward sigmoid transfer function with
two states. The input, output, and hidden layers of a conventional feed-forward multilayer sensory

neural network each serve as the network’s three most essential nodes. These levels are also known as
"hidden” layers.

When the voltage needs to be increased in a typical step-up scenario, regular DC-DC converters, such
as hoost converters and fly-back converters, might be utilised to accomplish this task. On the other
hand, they are not as helpful when it is necessary to make a major change. Because of the negative
impact that using a high turn ratio and duty cycle might have on copper loss, leakage inductance,
and conduction loss. If the proper power electronic controllers are utilised, the distributed generation
system along with the battery storage can be connected to the primary grid.

2. PREVIOUS RESEARCH WORK

The Prediction Error-Based Power Forecasting (PEBF) method is used to a photovoltaic (PV) system,
and it makes use of the grey box neural network that is part of the Photovoltaics for Utility Scale
Applications (PVUSA) model [1]. The differential equation-based PVUSA model is first represented
in the form of a neural network, which is then constructed. If there is a sufficiently big disparity
between the predicted and real powers, the neural network can be configured to train using the PEBF
approach, however this will depend on the current state of the system as well as the needs. Uncertainty
has been introduced into the operations of distribution networks as a result of the greater integration
of photovoltaic (PV) grids. Analytical derivations modelled as line impedance are used for the pur-
pose of studying the effect that a PV site has on the power losses and voltage fluctuations that occur
throughout a distribution network that is equipped with PV [2]. Humans have been assigned with
the responsibility of studying various placement choices in order to reduce power losses and voltage
fluctuations in the network. Particle Swarm Optimization, or P&O, is a method that is used to cal-
culate PV. This method generates a compromise solution that is optimal in the best-case situation.
PSCAD/EMTDC, a platform for time-domain simulation, is used in order to incorporate a single PV
into a distribution network that operates at 10 kV [3]. When there is a sudden shift in irradiance,
which distorts the operating characteristics of the PV system, the P&O algorithm that is employed by
the controller has some trouble, but only for a short period of time, in reaching the MPP [4]. However,
this issue is only temporary. Nevertheless, by delaying the beginning of MPP tracking once again,
the controller is able to improve the accuracy of the algorithm. In addition to this, the oscillation of
the terminal voltage caused by the MPP leads to a loss of power. The scientists employ the smallest
disruption phase size possible in order to reduce the severity of these tremors. Once more, the minor
phase slows down the rate at which the algorithms’ first transient occurs and modifies the extent to
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which the system is affected by external factors. By combining an INC Algorithm with a Proportional
Integral (PI) controller, it is possible to get both reduced rip oscillation throughout the MPP and a

good match for transient irradiance fluctuations. These results can be attained by using the algorithm

5].

A Petri Recurrent Wavelet Fuzzy Neural Network (PETRIRWFNN) controller and an easy pre-
synchronization estimator are described here as means of achieving the objectives of smooth switching
and grid reconnection in a micro grid system. The photovoltaic system, the loads, and the storage
system are the components that make up the micro grid [6]. Thanks to the master-slave control archi-
tecture, the micro grid can be utilised either in grid-connected mode or in islanded mode. Due to the
fact that the master Distributed Generator (DG) uses a different control algorithm based on the mode
of operation, the voltage and active power output of the micro grid system experience a momentary
drop whenever the modes are switched. The intelligent solar photovoltaic (PV) cell manufacturing
process already incorporates standard practises for the automatic detection of issues through the use
of smart cameras and sensors that are connected to the IToT [7]. Extensive research has been done
on data-driven detection strategies for the failure of photovoltaic (PV) cells. The subjectivity and
fuzziness of human annotation makes robotic fault discovery a difficult task because the data is packed
with noise and unexpected ambiguity as a result of human annotation. There are numerous maxima
on the power-voltage curve for partially shaded photovoltaic (PV) arrays; the Global Maximum Power
Point is one of these maxima. Finding and monitoring the GMPP in each and every conceivable
scenario presents a significant obstacle for PV systems that have the efficiency improvement as one of
their primary goals [8]. With the goals of improving both speed and accuracy, a novel two-stage global
Maximum Power Point Tracking approach has been developed. This method combines the time-tested
Hill Climbing algorithm with Artificial Neural Networks. In addition, sensors that measure the tem-
perature or the intensity of the light are unnecessary. In the first step, an analysis of the array IV
curve is performed in order to decide where to collect the current-voltage (I-V) curve. This allows for
the collection of a smaller number of samples than would be required by a standard feedforward ANN
in order to account for variations in temperature and irradiance [9]. Nonlinear power versus voltage
characteristics are produced when the triple diode type circuit model solar strings are integrated with
the PV array [10]. Therefore, locating the MPP is a difficult and time-consuming task. According to
research that was done in the past, there are a broad selection of MPPT procedures that are available
for purchase. The MPPT approaches that have received the most research include the classical, meta-
heuristic, artificial intelligence, and soft computing efficiency tactics.

3. MATERIALS AND METHOD

The current practise makes use of a modulated Z-source converter, which is paired with single-phase
symmetry. Furthermore, direct coupling between solar panels and transformer-less topologies via
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impedance source networks is not possible due to the high level of complexity involved. There is a
problem with common-mode voltage variance in this technology, but it can be fixed by modifying the
modulation techniques or switching patterns. Using a single-phase symmetric Z-source, this method
can be implemented in a transformer-less converter with negligible leakage currents. To keep the
common-mode voltage stable and the leakage currents to a minimum, photovoltaic applications are
using the Highly Efficient and Reliable Concept in tandem with an impedance source network (also
called a Z-source network). Due to the switches working at the same frequency as the line, losses
are reduced to a minimum even if there are two more active switches than necessary. Particularly
impressive is the improvement in harmonic performance and the decrease in leakage currents. The
schematic representing the proposed method is shown in Figure 2.

BATTERY
PV i
ARRAY
A
DC-DC Multi-Level Filter
> CONVERTER | Inverter N
PV
ARRAY
MPPT Back Propagation Neural
- N L NN- b
Pkt and > Network (BPNN-PS0)
observe
algorithm :
(P&0) Grid Output

Figure 2. Schematic Representing the proposed method

The proposed method employs Maximum Power Point Tracking (or MPPT for short) to iden-
tify flaws and dysfunctions. Each of the three PV (photovoltaic) technologies being used here has
its voltage and current closely monitored to prevent it from falling below zero at any time during
the input source collection procedure. The condition analysis’s P.V. status has deteriorated due to
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limitations including limited power and insufficient backup storage. When using a centralised MPPT
control system, flaws in solar panels are easy to spot. The DC capacitor supplies a stable voltage to
the voltage source converter, and the Multi-level converter changes the DC input voltage into the AC
output voltage. A transformer links the VSC’s output to the electrical grid. Figure 2 depicts the basic
building blocks of a Neural Network that uses Back Propagation. Although there are many layers and
nodes in this kind of neural network, just three sorts of layers are distinguished from one another:
input, hidden, and output.

3.1. PV Array

Electromagnetic radiation from the sun is a tremendously potent energy source. The wavelength of
these rays determines whether they are considered light, radio waves, or something else entirely. Only
a tiny fraction of the solar output is transformed into visible light and reaches Earth’s surface. Elec-
trons are created when sunlight hits solar cells. Many different kinds of solar cells can absorb and use
light of different wavelengths. A solar array is often connected in series with the utility grid to supply
electricity. This integrated photovoltaic system includes a solar panel, an inverter, and the necessary
gear to connect to the grid for power. Connected systems can be used in a variety of contexts, including
the home. Off-grid solar power systems differ from commercial and large-scale solar power plants that
are wired into the national electricity grid. Connected devices seamlessly switch over to the associated
utility grid as shown in Figure 3. This takes place whenever the energy produced exceeds the energy
consumption. A standard rooftop solar system in the United States generates kilowatts of electricity.
The average home doesn’t need anywhere like this much energy. The output of the reactive power
generator must closely match the reactive power voltage level. The system voltage increases when the
power factor is positive due to loads with a high capacitance, and decreases when the power factor is
negative due to loads with a high inductance. Over or undersupply of reactive power can cause the
network voltage to spike or drop, respectively, to unsafe levels, forcing generators to shut down. This

leads to a decline in generation and subsequently increases difficulties.

3.2. MPPT Perturb and observe algorithm

The output voltage and current from the PVA are fed into the MPPT system, and the algorithm’s
job is to determine the reference voltage. You now know what goes into and comes out of the MPPT
system. There are two common topologies for control loops in maximum power point tracking systems.
The MPPT algorithm block and the comparator that produces the switching pulses are located in the
inner loop. The switching pulse generator includes both of these parts. One part of the external
control loop, the PI controller, controls the input voltage to the converter. Adjustments to the DC-DC
converter’s duty cycle are made by the PI controller in an effort to bring the output voltage closer to
the d V/d p generated by the MPPT block. In contrast to the MPP block, the MPPT block typically
produces a non-zero error signal during operation. While easier to build, this approach fails to keep
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Figure 3. PV Grid-Connected System Circuit Diagram
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track of the MPP when there is a sudden change in the radiance. The Observation Graph Generated by
the "Perturb and Observe” Algorithm is shown in Figure 4. In photovoltaic (PV) systems, procedures
known as Maximum Power Point Tracking (MPPT) are utilised, as depicted in Figure 4, in order to
continuously locate the Maximum Power Point (MPP), which is determined by the circumstances of
the panel in terms of temperature and irradiance. Because of its ease of use, the Perturb and Observe
(P&0) Maximum Power Point Tracking Method is now the most widely used approach to solving
the MPPT problem. This is because low-cost implementations typically utilise this approach. P&Q’s
operating point is continuously shifting its location in relation to the MPP, which consumes a portion
of the power that is available. It is also common knowledge that when the weather conditions are
rapidly changing, the P&O algorithm might become jumbled.

3.3. Back Propagation Neural Network-P&O (BPNN-P&O)

Photovoltaic (PV) systems have a "Maximum Power Point” (MPP) where they generate the most
usable electricity within a particular range of irradiance and temperature. Integration of a DC/DC
converter with a computational system means the duty cycle can be adjusted in line with the search
technique and, implicitly, the converter’s input impedance, until the system meets the MPP. The
detrimental consequences of the integration on output power will thus be mitigated. This experiment
is conducted to identify the functional node using Maximum PowerPoint Tracking. The representation
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Figure 4. Observation Graph Generated by the "Perturb and Observe” Algorithm

of the fundamental concept of BPNN is shown in Figure 5.
Figure 5 is a representation of the fundamental concept that underpins a back-propagating neural
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Figure 5. Representation of the fundamental concept of BPNN

network.In a photovoltaic (PV) system, the voltage d V and current d p are as follows: The information
collected by the PV systems at a range of temperatures and irradiance levels is sent to the initial layer
of the network. The hidden layer, which is the second layer, consists of 10 input levels. These input
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layers allow the hidden layer to digest data coming from the input layer and send it on to the output
layer. The output layer, which is the third and final layer, is made up of a single linearly triggered
action potential duty cycle (D). The sigmoid functions are considered to be its activation functions.
Figure 5 depicts the BPNN-P&O approach, which combines the local search power of the BP neural
network and the global search capabilities of the P&O. This method aims to find the optimal solution to
a problem by looking in many locations simultaneously. This hybrid approach is capable of predicting
problems with PV arrays in a more timely and accurate manner. The P&O and the concept of
embedding it within deep learning together produce a significant increase in the accuracy of fault-type
prediction.During the training phase of an ANN, the duty cycle D is used as the output, while the
voltage d and P current d V of the PV array serve as the input variables. These variables correlate to
particular solar radiation and environmental temperature conditions. A Mat-lab/Simulink simulation
of a PV array that followed the P&O methodology was used to collect the information for this dataset.
The Neural Network Toolbox in Mat-lab allows for the construction, training, verification, and testing
of neural networks. The training phase will utilise seventy percent of the dataset, while the validation
phase will use fifteen percent, and the testing phase will use fifteen percent.

4. RESULTS AND DISCUSSION

Simulation is made using MATLAB/SIMULINK is shown in Figure 6, Circuit diagram is made using
blank model of MATLAB and using power-GUI, simulation is executed. By switching properly using
a pulse generator, output voltage levels can be generated. An input voltage of 20 Volt is given as
voltage at the input side. The pulse generator is set with a switching frequency of 50Hz and the
corresponding switching is given Qutput voltage waveform and gate pulses are observed. As seen in
Figure 7, photovoltaic modules or panels, both of which are modelled from a large number of individual
fundamental cells. From this point on, any photovoltaic device that is composed of numerous basic
cells will be referred to as an array. Because the power supplied by a single module is insufficient for
almost all commercial applications, modules are often coupled together to create arrays in order to
provide the load. The connections that exist between cells in a module and those that exist between
modules in an array are identical. It is also possible to connect modules in parallel or series in order to
increase current or voltage respectively. The outcomes of a simulation run in MATLAB/SIMULINK
are presented in Figure 6. The schematic for the circuit was produced using a blank model in MAT-
LAB, and the graphical user interface (GUI) of the programme was utilised in order to carry out the
simulation. By switching in the appropriate manner using a pulse generator, it is possible to produce
the desired voltage levels at the output. A voltage of 20 V is given for the input side of the circuit.
The pulse generator receives a switching frequency of 50 Hz as an input, and it produces switching
that is matching that frequency. It is possible to observe both the waveform of the output voltage and
the gate pulses simultaneously.

The construction of photovoltaic modules or panels, such the ones shown in Figure 7, requires
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Figure 6. Simulation Implementation of Proposed Method

the modelling of a large number of separate fundamental cells. From this point forward, the term
"array” will be used to refer to any solar power system that is made up of a number of separate cells.
Because the output of a single module is typically insufficient for use in industrial applications, an
array of modules is typically utilised in order to satisfy the demand. Module connections in an array
are comparable to cell connections in other structures. Connecting modules in parallel will result in
an increase in current, whereas connecting modules in series will result in an increase in voltage.

The Neural Network algorithm preserves all of the data collected from the network during the phase
known as the variable screening phase. This phase has the potential to eliminate the influence of any
variables that are generating issues for the model. In order to increase the analytical effect of the model
and to represent the matrix change of the weight of each variable in the neural network, the practical
swarm optimisation approach, also known as P&O, might be used to quantify the significance of the
influence of independent variables. This would allow for the expression of the change in the weight
of each variable. Therefore, the purpose of this study is to propose a hypertension risk prediction
mode that is based on the P&O-BP neural network, and Figure 7 presents the matlab circuit diagram
of the Back Propagation Neural Network-P&QO. The method is utilised to conduct an analysis of the
factors that contribute to the prevalence of hypertension in the region. In high-power, medium-voltage
industrial settings, multilevel inverters are utilized as a necessary piece of equipment. Multilevel
inverters (MLIs) have a lower level of harmonic distortion compared to ordinary inverters, in addition
to having a higher output voltage. The generation of an extensive voltage range using synthesis can
make the fabrication of excellent waveforms easier. MLIs can be broken down into three main types on
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Figure 7. Matlab circuit of Back Propagation Neural Network (BPNN-P&S)

the basis of the components that they make use of. The Multilevel Inverter is the one that needs the
least amount of components, such as capacitors and diodes. The system that is depicted in Figure 8
has a variable voltage output that can be set to one of five levels; however, this system is cumbersome
and costly because it requires two voltage sources and eight switches. In combination with a multilayer
inverter that has been developed to be more efficient and have fewer switches, a renewable source of
energy is employed.

In high-power, medium-voltage industrial settings, multilevel inverters are utilized as a necessary
piece of equipment. Multilevel inverters (MLIs) have a lower level of harmonic distortion compared
to ordinary inverters, in addition to having a higher output voltage. The generation of an extensive
voltage range using synthesis can make the fabrication of excellent waveforms easier. MLIs can be
broken down into three main types on the basis of the components that they make use of. The
Multilevel Inverter is the one that needs the least amount of components, such as capacitors and
diodes. The system that is depicted in Figure 9 has a variable voltage output that can be set to one of
five levels; however, this system is cumbersome and costly because it requires two voltage sources and
eight switches. In combination with a multilayer inverter that has been developed to be more efficient
and have fewer switches, a renewable source of energy is employed.

In comparison to the initial value of 4.52%, the total harmonic distortion (THD) that is produced by
the proposed technique which can be seen in Figure 10 and is decreased by 1.12%.
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5. CONCLUSION

This study compares and contrasts the P&O approach for the MPPT technology with the Back
Propagation Neural Network (BPNN-P&O). These two methods are employed by the Back Propagation
Neural Network. Test findings show that the Maximum Power Tracking (MPP) may be achieved by
the realistic swarm optimization technique while the PV system is in Peace mode. Since P&O methods
are already being implemented, this paves the way for much more power to be extracted. Using the
technique supplied by the BP-P&O neural network, it was determined if a particular class of PV
system failure had occurred. The input layer is the location of training and the final resting place for
the normalized data from the previous layer. The linear function is used in the training layer of the
neural network for both learning and data classification. When problems are detected with the PV
system, the collected data is sent to the P&O layer, where it is evaluated and classified.
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In this study, researchers synthesized ultra-small gold nanoparticles (AuNPs) using a Schiff-base and
characterized them using several techniques. These Schiff-base stabilized AuNPs were then used for
the catalytic reduction of organophosphate pesticides (malathion and parathion) in liquid phase reac-

Keywaords: tions. The researchers achieved a high degradation efficiency of up to 95.06% and 99.1% with the addition
Schiff base of NaBH,4 within a 50-min reaction time for malathion and parathion, respectively. Additionally, the syn-
AuNPs

thesized AuNPs showed selectivity for sensing Cr(VI) metal ions at nanomolar concentrations (10-

Pesticides degradation
Cr(VI) sensing
Biological activity

100 nM) using fluorometric detection.
Copyright © 2023 Elsevier Ltd. All rights reserved.
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ference on Multifunctional Materials.

1. Introduction

Metal nanoparticles (MNPs) containing only a few atoms up to a
few hundred are versatile materials with broad applications in area
such as optics, electronics, biosensors, biomedicines, and catalysis
[1-5]. To produce MNPs, molecular templates and organic ligands
have been utilized. When molecular templates other than organic
ligands are used, the protected MNPs may lose their catalytic capa-
bility due to the almost complete blockage of surface active atoms
|3-5]. Therefore, developing an easy, flexible, and effective method
to produce ultra-small (<5 nm), highly-dispersed, functionalized,
and ultra-stable MNPs is highly desirable.

Schiff bases are versatile organic ligands that form numerous
stable complexes when co-ordinated with different transition
metal ions, making them important chemical compounds in vari-
ous fields such as inorganic, analytical, and medicinal chemistry
[6,7]. Due to their strong affinity and actual confinement provided
by their open, well-isolated, and abundant structure, using MNPs
as a platform for the confined growth of MNPs with ultra-small
size, high-dispersibility, and high-stability is a promising approach

* Corresponding author.
E-mail address: ayodhyadasari@email.com (D. Ayodhya).
https://doi.org/10.1016/j.matpr.2023.05.348
2214-7853/Copyright © 2023 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of the 2nd International Conference on Multifunctional Materials.

[3,9]. Thus, encapsulating MNPs within Schiff bases may provide
an unusual synergy for developing a new generation of heteroge-
neous catalysts [9].

Noble-MNPs, such as those made of Au, Ag, and Pt, are consid-
ered ingenious forms of nanomaterials due to their unique physic-
ochemical properties [9-12]. Among them, AuNPs are highly-
stable nanostructures that possess tunable optical properties and
can be prepared in a variety of shapes, making them an attractive
subject of scientific and technological research in recent years |[4-
5,10]. AuNPs have a long history of application in catalytic, sensing,
bio-imaging, drug-delivery vehicles, and other fields | 17, 14]. Addi-
tionally, recent studies by Sangappa et al have reported on the cat-
alytic degradation of dyes and other pollutants, as well as the
detection of various metal ions using MNPs |[15-17]. Based on
the previous reports, in this work, we have synthesized and char-
acterized AuNPs using the Schiff base (TMPMA4CP) as a reducing
and stabilizing agent; and utilized catalytic, sensing, and biological
applications.

Please cite this article as: S. Vislavath, M.P. Kumar, G. Balraj et al., Synthesis of Schiff base stabilized AuNPs for enhanced catalytic degradation of pesticides,
Cr(VI) detection, antioxidant, and antimicrobial activities, Materials Today: Proceedings, 1itips://doi org/ 101016/ matpr 2023.05 345
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2. Experimental
2.1. Materials and methods

AR-grade chemicals of HAuCl;-3H,0 (98.5%), 4-(trifluorome
thoxy)benzenamine (99%), 5-chloro-2-hydroxybenzaldehyde
(98%), NaBH4 (97.8%), methanol, acetone, and chloroform have
been purchased from Merck. Pesticides (MLT and PRT) have been
received from Bio-analytical Ltd.

2.2. Synthesis of Schiff base (TMPM4CP; 2-(4-(trifluoromethoxy)
phenylimino)methyl)-4-chlorophenol)

The Schiff base (TMPM4CP) was synthesized by mixing the hot
methanolic solutions of (25 mL) of 4-(trifluoromethoxy)benzena
mine (10 mM) and 5-chloro-2-hydroxybenzaldehyde (10 mM) in
1:1 ratio with stirring and refluxing at 60-70 °C temperature on
an oil bath for 2-4 h. The colored precipitates resulted were iso-
lated by filtration and recrystallized from methanol. An outline of
synthetic procedure presented in Scheme S1.

2.3. Synthesis of Schiff base capped AuNPs

An equal molar ratio of HAuCl,-3H,0 and NaBH,4 was dissolved
in a mixture of ethanol and DDwater in a 100 mL container at pH
7.0. After that, the synthesized TMPM4CP was dissolved in acetone
and added to the aqueous solution. The resulting mixture was vig-
orously stirred for 5 h at 27°C. The completion of the reaction was
indicated by a change in the organic layer color from yellow to
light-pink indicated the formation of Schiff base stabilized AuNPs.

2.4. Characterizations

UV-vis spectra were recorded using a Shimadzu UV-3600 spec-
trophotometer (Germany). PL spectra were measured on an RF-
5301 PC spectrophotometer. FT-IR spectroscopy was recorded on
Bruker, USA. X-ray diffraction (XRD) analysis was carried out using
a X'pert Pro diffractometer (Japan). The morphological features
were studied using a TecnaiG2 (TEM, Germany).

2.5. Catalytic degradation of pesticides

Here, a mixture of MLT/PRT solution (0.05 mL, 0.5 g/L), freshly
prepared NaBH, solution (0.05 mL, 0.25 M), and DDwater (2 mL)
was prepared in a quartz cell. Next, a solution of catalyst
(0.5 mL) was added to the reaction mixture. The maximum absorp-
tion of the MLT and PRT solutions was observed at 415 nm and
276 nm, respectively, by UV-vis spectroscopy. The reaction pro-
gress was monitored at regular intervals using a UV-vis
spectrometer.

2.6. Fluorescence sensing activity

The potential use of the synthesized AuNPs was assessed for the
specific detection of Cr(VI) in comparison to other metal ions as per
a published protocol | 12]. Initially, the samples were spiked with
the respective metal-ion solutions (0.001-0.1 mM). The samples
(500 mL) were then mixed with a combination of AuNPs
(500 mL) and water (500 mL). The resultant solutions were allowed
to stabilize at 27°C for 15 min followed by recording of PL spectra.
To establish the sensitivity of AuNPs based Cr®" sensing, different
Cr® concentrations (10-100 nM) were titrated against AuNPs.

Materials Today: Proceedings xxx (xxxx) xxx
2.7. Antimicrobial activities

To evaluate the antimicrobial activity of the Schiff base
(TMPM4CP) and AuNPs, and compared with standard compounds
bu Agal-well diffusion method |19]. Several bacterial strains,
including Staphylococcus aureus, Pseudomonas aeruginosa, Bacillus
subtilis, and Escherichia coli, as well as fungal strains such as Asper-
gillus niger and Candida albicans, were employed in this study. The
suspended culture was evenly spread on nutrient agar plates, and
the solid medium was gently perforated with a corkborer to create-
wells. Each well was filled with 100 pL of synthesized AuNPs, and
the plates were incubated for 24 h at 37 °C. The antimicrobial
activity was measured by determining the diameter of the inhibi-
tion zone around the well.

2.8. DPPH antioxidant activity

In DPPH assay, the AuNPs and DPPH were mixed and left to
incubate in the dark at 27°C for 30 min, and the optical density
was measured at 517 nm. To the mixture, 1.5 mL of 0.1 mM DPPH
was added and water was used to adjust the final test tube volume
to 2 mL. The linear regression value was calculated using ascorbic
acid as the standard. The concentration of Schiff base stabilized
AuNPs required to reduce the initial concentration of DPPH by
50% (ICsp) under the specified experimental conditions was
determined.

3. Results and discussion
3.1. Optical and structural analysis

UV-vis spectra of the TMPM4CP and AuNPs were displayed in
Fig. 1(a) and Fig. S1. The AuNPs were showed the maximum
absorption at the range of 510-540 nm due to SPR | 19,20]. In addi-
tion, TMPM4CP was exhibited the maximum absorbance at the A of
258 nm and 338 nm, which are assigned to n-n* and n-n* transi-
tions of phenyl-ring and chromophore (-HC = N) group, respec-
tively [21]. Fig. 1(b) shows the PL spectra of TMPM4CP stabilized
AuNPs. As shown in Fig. 1(b), TMPMA4CP stabilized AuNPs has
exhibited a strong emission peak at 594 nm, which is slightly
shifted to lower A, when compared to the Schiff base emission
peak. It is the suggesting to the formation of AuNPs,

Fig. 1(c) shows the XRD pattern of the AuNPs, it shows domi-
nant peaks at 38.10, 55.26, 64.12, and 81.54 in the 26 range which
originated for (111), (200), (220), and (311) crystal planes with
FCC lattice structure and agree with the previous report [22]. FT-
IR analysis was performed on TMPM4CP and AuNPs and displayed
in Fig. 1(d) and Fig. 52. The FT-IR spectra of the Schiff base showed
various characteristic IR absorption peaks, at 3350 cm !,
1632 cm™!, 1258 cm™', 1164 cm !, and 820 cm™?, which are
assigned to -OH, -C=N, aromatic C-H, -C=0, and C-0O stretching
vibrations | 23|. The FT-IR spectra of the AuNPs shows that the posi-
tions of the bands attributed to azo-methine (-HC=N-) at
1631 cm™', uC-0 of carbonyl at 1172 cm™!, vC=0 overlapped
amide and ester at 1660 cm™', Vqym(CO0-) and Vey,(COO-) at
1430-1520 cm™' respectively. The strong N-H absorption bands
were slightly shifted in the FTIR spectra of AuNPs NAS

group [23].

3.2. Morphological analysis

HR-TEM images of AuNPs were reveals th
predominantly spherical shape with average
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Fig. 1. (a) UV-Vis absorption, (b) PL, (c) XRD, and (d) FTIR spectra of AuNPs.

‘Fig. 2. (a-b) TEM images of AuNPs. |

from 4 to 12 nm and highly mono-dispersed in nature without
agglomeration (Fig. 2(a-b)).

3.3. 'H NMR, '°C NMR, and ESI-MS

The other characterization techniques including 'H NMR, '*C
NMR, and ESI-MS were analyzed for the confirmation of TMPM4CP
formation and it was displayed in Figs. 53-55.

3.4. Catalytic degradation activity

As depicted in Fiz. 3(a), the degradation of MLT and PRT using
AuNPs in the presence of NaBH4 was examined. The results showed
that AuNPs were efficient catalysts for the reduction of MLT and
PRT in the presence of an excess of NaBHy. Typically, MLT and

|
PRT have unique absorption peaks located at 415 nm and |
276 nm, respectively. However, when a miniature amount of |
AuNPs was added, the absorption peaks of MLT and PRT gradually |
decreased and vanished after 50 min, indicating as complete
degradation. The progress of the reduction reaction was monitored
by UV-vis spectrophotometer, which showed a rapid decrease in |
the intensity of the absorption peaks. The degradation of MLT |
and PRT increased drastically, reaching about 95.26% and 99.01%, |
respectively, within 50 min of reaction time (Fiz. 3(a)), due to
the ultra-small size of the AuNPs [24]. The corresponding value |
of k calculated from the slope is 1.2812 x 102 min~' and |
1.4125 x 1073 min~' (Fig. 3(b)).
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3.5. Fluorescence sensing activity

In the PL spectra of the detection of Cr®" ions, the addition of
10 pL of an aqueous solution of Zn?*,Co®*Ni** A" Mn?* Pb%*,Ca?",
Cu®", and Fe? ions to the AuNPs, did not produce any significant
fluorescence intensity changes (Fig. 4(a)). However, upon addition
of Cr®* ions to the solution containing AuNPs and other metal ions,
an immediate decrease in PL emission was observed in Fiz. 4(b).
The results demonstrated that the absorbance of SPR band follows
a superior exponential response to Cr®" concentrations (10-
100 nM) with a regression constant (R?) of 0.98 as shown in
Fig. 4(c).

3.6. Antimicrobial activities

The synthesized AuNPs have superior antimicrobial activities
against Pseudomonas aeruginosa and Aspergillus niger when used
in volumes of 10 pL than TMPM4CP under matching experimental
conditions (Fiz. 5). On other hand, in the equivalent volumes, the
TMPM4CP do not exhibit significant antimicrobial activities
against all bacteria and fungi strains. The higher antimicrobial
activity of the AuNPs compared to Schiff base may be due to the
change in structure or co-ordination and chelating tends to make
AuNPs act more powerful and potent bacteriostatic agents, thus
inhibiting the growth of the bacteria as well as fungi |25,26].

30

B Schiff base
B AuNPs
B Standard drug

Zone of inhibition (mM)

1 2 3 4 5 6
Microorganisms
Fig. 5. Antimicrobial activities of the synthesized TMPMPA4CP and AuNPs: bacteria

(1) Staphylococcus aureus, (2) Bacillus subtilis, (3) Pseudomonas aeruginosa, and (4)
Escherichia coli; and fungi (5) Aspergillus niger and (6) Candida albicans.
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Fig. 6. Antioxidant activity and ICs, estimated by DPPH assay using the synthesized
TMPMPACP and its stabilized AuNPs.

3.7. Antioxidant activity

In DPPH scavenging activity, the ability of TMPMA4CP stabilized
AuNPs and TMPM4CP to transport DPPH was analyzed at various
concentrations (0.3-3.0 uM). The DPPH free radicals carrying prop-
erty of the TMPM4CP, the AuNPs, increased significantly with
increasing concentrations, as shown in Fig. 6. The AuNPs had a lar-
ger surface area and catalytic capabilities, which could have facili-
tated their antioxidant properties. An ICsq value was obtained from
the plots of percentage of inhibition with an increase in concentra-
tion of the AuNPs (ICsp = 1.58 pg/mL) and TMPM4CP (ICsq = 2.81
pg/mL), and comparable to standard (ascorbic acid).

4. Conclusions

In summary, we have synthesized and characterized TMPM4CP
stabilized AuNPs via the reduction of Au™ to Au(0). The AuNPs pos-
sess an average diameter of 8 + 2 nm and a fcc structure as deter-
mined by XRD and TEM analysis. AuNPs exhibited excellent
catalytic properties, with degradation efficiencies of 95.26% and
99.01% observed for MLT and PRT, respectively. Furthermore, we
found that our AuNPs were highly selective and sensitive in detect-
ing Cr® via fluorescence with a concentration range of 10-100 nM.
AuNPs also showed superior antimicrobial activity compared to
TMPMA4CP. Finally, we evaluated the antioxidant potential of
AuNPs and found that they exhibited pertinent antioxidant
activity.
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The present aim is synthesis of Schiff base (TMPM5MOP), its stabilized silver nanoparticles (AgNPs) with
face cubic centered structure and average diameter is approximately 6-14 nm. AgNPs used as catalysts,
which is catalytically degrade > 90% of antibiotics such as tetracycline (TC) and ciprofloxacin (Cipro)
within the reaction of 0.5 h using sodium borohydride. The selectively and sensitively detected Hg?* ions
in an aqueous medium in the presence of AgNPs by fluorometrically. AgNPs are effective against Gram-
positive and Gram-negative bacteria. The AgNPs demonstrated a greater aptitude to scavenge DPPH-free-
radicals and comparable with standard.

Copyright © 2023 Elsevier Ltd. All rights reserved.
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ference on Multifunctional Materials.

1. Introduction

Nanostructures with reduced dimensions have a greater ratio of
surface area to volume compared to their larger counterparts, and
possess unique point-to-point connectivity properties that make
them particularly sensitive to environmental interactions [1-3].
Compared to other types of low-dimensional nanostructures,
metallic nanoparticles (MNPs) are highly adaptable platforms for
developing chemical sensors due to their exceptional stability,
large surface-to-volume ratio, and unique inter-particle communi-
cation capabilities [4-5]. The unique mechanical, chemical, ener-
getic, physical, and analytical properties of MNPs derived from
Pt, Ag, and Au have caused difficulties in research due to their dis-
tinctive characteristics that distinguish them from other similar
materials. Among MNPs, AgNPs with a great attention because its
tremendous applications including catalysis, sensing, textiles, cos-
metic, biomedical, and food packaging [G-11]. In this context, sev-
eral researchers were used AgNPs as catalysts, sensors, and
biological agents [5-9.12-13]. Additionally, AgNPs due to exces-
sive ROS production and exhibit significant antibacterial and
antioxidant activities | 14-16]. Herein, we report for the first time,
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AgNPs were prepared using TMPM5MOP as Schiff base towards
evaluating the catalytic, sensing property, antioxidant, and inhibi-
tion of bacterial growth applications.

2. Experimental
2.1. Chemicals

The AR-grade chemicals of AgNO3 (>98%), NaBH,4 (97.5%), 4-(tri
fluoromethoxy)benzenamine, 2-hydroxy-4-methoxy benzalde-
hyde, methanol (99.85%), acetone (>99%), and chloroform (99.9%)
were procured from SDFine Chemicals, India. Antibiotics (TC and
Cipro) have been received from Bioanalytical Ltd.

2.2, Synthesis of TMPM5MOP and AgNPs

Schiff base (TMPM5MOP) was fabricated through adding
10 mM, 25 mL of 4-(trifluoromethoxy)benzenamine to10 mM,
25 mL of 2-hydroxy-4-methoxy benzaldehyde in equal ratio with
unremitting stirring and refluxing at 65 °c for 3 h. The obtained
precipitate was isolated, fltered, and recrystallsed in CH;0H
(Scheme S1). In the fabrication of AgNPs, equ
and NaBH,; were added slowly to TMP
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unremitting stirring for 5 h. The changing in color from light yellow
to dark brown is evidence for the formation of AgNPs.

2.3. Characterizations

Morphological features (TEM, TechnaiG2, Germany), crystal
structure (XRD, XPertPro, Japan), absorption behavior (UV-3200,
Shimadzu, USA), emission properties (RF-5301 PC, UK), and ATR-
FTIR (Bruker, KBr pellet, USA) of AgNPs were studied.

2.4. Antibiotics degradation experiment

In a typical procedure, prior to reaction, the suspension (10 mg
of catalyst + 10 mg/L of antibiotic solutions (TC; 357 nm and Cipro;
274 and 322 nm) in 100 mL) were mixed under vigorous stirring in
absence of light for 0.5 h for homogeneous mixture. Afterthat, the
catalytic degradation experiments, the equal aliquots (0.5 mL) of
the suspensions were withdrawn at various time intervals and
then immediately quenched with methanol. The entire antiboitic
degradation reaction pathway was monitored using UV-vis
spectrometer.

2.5. Fluorometric detection of Hg(II)

In a detection experiment, Zn?*,Cu®*,Co?*,Cd%" Ag’ Hg?' Ni%",
Ca%,Ba?", and AI** (100 pL; 0.1 puM) were individual mixed to
AgNPs (20 pL; 0.01 M), TMB (20 pL; 0.01 M), and H,0, (20 pL;
10 M). The resultant solution was transferred to a quartz cuvette
after continuing for 20 min. For the selective detection of Hg**
and other metal ions, 100 mL of various concentrations of Hg**
(ranging from 0.1 to 100 pM) were added to AgNPs solutions.
The mixtures were transferred to a quartz cuvette and recorded
PL emission spectra.

2.6. Antimicrobial activity test

100 pL of microbial cultures were prepared in the nutrient-agar
(NA) media for bacteria (P.aeruginosa, E.coli, S.aureus, and B.subtilis)
and potato-dextrose agar (PDA) for fungi (A.niger and Calbicans).
8 mm diameter asymmetric Petr plates with 5 wells were formed
by punching with stainless steel after solidification of all the plates.
100 pL of various concentrations of AgNPs (0.2, 0.4, 0.6, and 0.8 pg/
mL) were placed in 4 wells, and one well served as a standard with
the same concentration as the negative control. The petrographic
plates were incubated for 24 h at 37 °C. The test was conducted
in 3 times for each pathogen-containing bacteria and compared
to the reference.

2.7. DPPH scavenging test

DPPH was dissolved in 100 mL of methyl alcohol and heated to
20 °C. 2 mL were added from the stock solution to 1 mL of CH;0H
solution containing sample of TMPM5MOP and AgNPs at a nominal
concentration of 100 ug/mL. The DPPH free-radical saving activity
was recorded at 517 nm, and the standard benchmark is now set
with ascorbic acid.

3. Results and Discussion
3.1. Optical spectra

The absorption bands of TMPM5MOP and AgNPs have a wave-
length of 280 and 375 nm; and 431 nm, respectively, while AgNPs
have a broad intensity (Fig. | and Fig. 51). TMPM5MOP was maxi-
mum absorbed at 280 nm was moved towards higher wavelength,

Materials Today: Proceedings xxx (xxo0x) xxx

which is confirm that TMPM5MOP is strongly capped with AgNPs.
The UV-vis absorption spectra of AgNPs was facade at 431 nm due
to the SPR band, which is evidence for the formation of AgNPs. The
photoluminescence spectra of TMPM5MOP and AgNPs were mea-
sured at & = 300-600 nm (Aex = 380 nm) and it was displayed in
Fig. 1(b). The PL of AgNPs casing the region 520-650 nm
(532 nm) is due to the excitation of SPR [17].

3.2. FT-IR spectra

FTIR spectra of TMPM5MOP (Fig. 52) and AgNPs (Fiz. 1c) were
shown in the strong absorption bands at 1622 cm™' (azo-
methine nitrogen) for TMPM5MOP, 1582 cm ™! (azo-methine nitro-
gen interacted with AgNPs) in AgNPs FTIR spectrum | 1 2]. In addi-
tion, the absorption bands were appeared at 1319, 1155, and
820 cm ! assigned for -C = O, -C-F, and -C = C bands in the FTIR
spectra of TMPM5MOP and AgNPs. In foremost, hydroxyl and
imine groups are conspicuous in the IR spectrum act as reducing
or capping agents for the fabrication of AgNPs [ 19].

3.3. XRD study

X-ray diffraction pattern of AgNPs synthesized using
TMPM5MOP is shown in Fig. 1(d). The significant peaks in the
XRD diffractogram at 20 values of 38.24°, 44.40° 64.52°, and
77.51° were discovered to be related to Ag-metal and correspond
to (111), (200), (220), and (311) planes of AgNPs (JCPDS card
no. 1-1167) [20]. These reflections are in concurrence with Ag-
metal, that possesses Fcc cubic structure with high crystallinity.

3.4. TEM

The AgNPs are shown in the TEM images as spherical with irreg-
ular shape and size is 5-15 nm (Fiz. 2(a-b). It exhibits the dis-
tribution of AgNPs with TMPM5MOP, that might be attributed to
complexion between Schiff base and Ag". In addition, the crys-
talline character of synthesized AgNPs could be observed clearly
in TEM image.

3.5. Other spectral analysis

Further characterization techniques including proton NMR, 13C
NMR, and mass spectra were analyzed for the confiimation of
Schiff base (TMPM5MOP) formation and it was displayed in

Fig. §3-55.
3.6. Catalytic degradation of antibiotics

2. 3(a) and Fig. 3(b) shows the degradation of TC and Cipro
usmg AgNPs after 30 min of the reaction in the presence of NaBH,.
According to the obtained results, the contribution of Tc and cipro
degradation in on the whole degradation using AgNPs was out-
standing than without catalyst, hence AgNPs was mostly required
to degradation of antibiotics. After 30 min of the reaction, AgNPs
adsorbed < 12% of the initial Tc and cipro in presence of AgNPs
under identical reaction conditions. Hence, it can be conclude that
the AgNPs was responsible for the adsorption of the antibiotic on
the surface of catalyst. The degradation efficiency of AgNPs was
enormously increased as 88.12% and 90.08% of TC and cipro in
30 min reaction (Fiz. 3(c)). The result showed that the prepared
AgNPs posseesed excellent catalytic activity in the degradatlon of

A

TC and Cipro. The rate constants were 0.3 min~' were
observed for the degradation of TC a Ps, respec-
tively (Fig. 3(d)). The recycling test that the
almost similar amount of Tc and /rtgr the 3rd
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Fig. 2. (a-b) TEM images of AgNPs.

cycle, and only 5% decrement was observed in the 5th cycle as
shown in Fig. 3(e).

3.7. Fluorometric detection of Hg®*

In this case, the preset additions (0.5 mL, 10 mol/L) of individ-
ual metal ion solutions were added to 3 mL of AgNPs. Fic. 4(a)
depicts the PL emission spectra during detection of Hg?" at 27°c.
Then the strength of the SPR-peak changed slightly when the addi-
tion of other metal ions (Zn**,Cu®*,Co®*,Cd** Ag” Ni?*,Ca?*Ba?*, and
Al*") to the AgNPs in aqueous medium. The preserved PL results
showed that the addition of a nontrivial addition of the upper
metal ions had no effect on the SPR-peak and colour of AgNPs
(Fig. 4(b)). In contrast, the SPR characteristic peak vanishes and
the colour of the solution changes from yellow to colourless when
Hg?" is added to the solution containing AgNPs [ 21].

3.8. Antimicrobial activity

The antimicrobial results were estrblished as prepared AgNPs
shown detached antimicrobial action against pathogenic micro-or
ganisms at 5 pg/mL concentration and displayed in Fig. 5(a-b).
The AgNPs demonstrated notable antibacterial activity in both
micro-organisms, however they showed reduced anti-bacterial
activity against E.coli, S.aureus, and B.subtilis. Additionally, they
showed high activity against P.aeruginosa. As well as high antifun-
gal activity was observed against A. niger than c. albicans under
identical experimental conditions. The lipo-solubility property of
the at least one molecule contained in AgNPs should be responsible
for the degradation of the bacterial cell-membrane and penetrate
into the bacterial cell [22-23].
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3.9. DPPH scavenging activity

DPPH scavenging activity of AgNPs displayed an admirable
DPPH scavenging activity with concentrations from 0.5 pg/mL to
3 pg/mL and it was shown in Fig. 6(a). It may be suggested the
favor of prominent results due to the functional groups were pre-
sented in the Schiff base capped AgNPs and covered by its surface
of NPs, high-dispersion, and petite size of the particles based on the
previous report [24,25]. The Icsq values of TMPM5MOP and AgNPs
are exhibited at 1.31 and 2.52 pg/mL and displayed in Fig. 6(a). The
outcomes are clearly indicated by the fact that AgNPs generated
higher DPPH activity (78.18%) than the TMPM5MOP (51.20%), in
addition to the maximum DPPH activity for standard (Ascorbic
acid; 86.11%) as shown in Fig. 6(b). Hence, the scavenging ability
of AgNPs for DPPH free radicals showed astonishing activity with
the comparison of standard compound.

4. Conclusions

In the conclusions, we have synthesized 2-(4-(trifluorome
thoxy)phenylimino)methyl)-5-methoxyphenol and Schiff base
capped AgNPs. The synthesized samples were charcterized with
the confirmation of Fcc structure, spherical shape, and size is
10 £ 5 nm. The synthesized AgNPs were tested for the catalytic
degradation of TC and Cipro using NaBH, as a reducing agent, it
shows as almost complete degradation (98%) was observed within
30 min and stable up to 5 cycles. PL spectroscopy was employed to
monitor the interaction response between the synthesized AgNPs
and an aquartic solution for the determination of Hg** concentra-
tion. Using the disc diffusion method, the synthesized AgNPs
demonstrated noteworthy antibacterial and antifungal activity.

The DPPH method indicated that the AgNPs possessed excellent
efficacy in scavenging free radicals.
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ARTICLE INFO ABSTRACT

Keywords:
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Hydrothermal method

Drugs degradation

Uric acid detection
Wastewater treatment

In the present work, n-CeQ,/p-CuS heterostructures have been fabricated by decorating CuS particles on the
surface of cerium oxide (CeO,) nanorods using a hydrothermal method. The optical, structural, and morpho-
logical features of CeOs, copper sulfide (CuS), and n-CeO,/p-Cu$ heterostructures were thoroughly characterized
using UV-vis, PL, XRD, SEM, and TEM. The UV-vis DRS analysis showed that the n-CeO,/p-CuS heterojunction
exhibited enhanced absorption in the visible region with a band gap of 2.55 eV. XRD and TEM studies revealed
that different shaped CuS (12 + 5 nm) were deposited on the CeO; nanorods. The photocatalytic activities of
Ce02, CuS, and n-CeO,/p-Cu$ heterostructures were investigated for the degradation of drugs (tetracycline (TC),
ciprofloxacin (CF), and capecitabine (CT)) under visible light irradiation. The n-CeO,/p-CuS heterostructure
exhibited the best photocatalytic efficiency for the degradation of these drugs compared to the CeO; and CuS
NPs, within 25 min of irradiation, due to the interfacial charge transfer effect among the CuS and CeQ;. The
better and enhanced photocatalytic efficiency of the n-CeO,/p-CuS heterostructure was attributed to its high
charge separation efficiency, and it remained stable up to 5 cycles without a significant loss of its activity. The
empirical data was effectively fitted using the first-order kinetics based on Langmuir-Hinshelwood (L-H) model.
Photogenerated e, 03", and h™ were found to be the main active species generated by n-CeO,/p-Cus to realize
simultaneous redox reactions for the effective degradation of drugs. In fluorescence quenching of the uric acid
(UA), n-CeO2/p-CuS showed a concentration range of 10-100 uM and an LOD of 1.214 yM. Additionally, the
proposed sensor was successfully used for the detection of UA in human urine samples.

1. Introduction

Antibiotics and uric acid (UA) are biologically active compounds
with high hydrophilicity and stability, which allows them to persist in
the food chain and water systems, posing severe adverse health conse-
quences for humans | | |. Although antibiotics have undoubtedly helped
humans to treat bacterial infections, their large-scale usage has become
a serious threat to the ecosystem and human health [1.2]. Second-
generation quinolones, such as TC, CF, and CT, are extensively used
pharmaceutical drugs due to their good chemical stability and strong
inhibition of bacterial growth [3|. However, recent research has
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confirmed that drugs are emerging genotoxic contaminants that can
harm the ecosystem and human immune system through their acute and
chronic toxicities | 4. Therefore, effective removal of these drugs from
aqueous environments has become a critical issue »|. Advanced
oxidation processes (AOPs), particularly photocatalysis, have been
developed as treatment technologies to degrade organic pollutants

Additionally, detecting various analytes with trace amount of concen-
tration in biological fluids is significantly important for early-stage
warning of related conditions and for diagnosing patients |7 |. Several
methods, including high-performance liquid chromatography, mass
fragmentography, electrochemical techniques, chemi-luminescence,
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Fig. 1. XRD patterns of the synthesized CeO,, CuS, and n-CeQ,/p-CuS
heterostructures.

and fluorescence methods, have been developed for UA detection |7].
Among these methods, fluorescence sensing is fast, simple, and non-
destructive.

The effectiveness of photodegradation of pollutants heavily relies on
the quality of the photocatalyst used, making it a critical component in
nanotechnology [©|. Therefore, the development of an efficient, stable,
and affordable photocatalyst is essential for practical application [&].
Metal oxides or sulfides such as TiO3, ZnO, CuO, AgVO3, CeO,, AgsPOy,
Agl/Biz03, BizS3, BixMoOsg, CdS, Cuz0, and ZnWO, are commonly used
as photocatalysts [1.2.5 9], CeOq, a rare earth element, has drawn sig-
nificant attention as a promising n-type photocatalyst due to its unique
electronic configuration, catalytic activity, and structural and electronic
properties. Its band gap ranges between 2.9 and 3.2 eV, and it exhibits a
longer lifetime of photo-generated electron-hole pairs [ 10]. Moreover,
CeOy NPs can be easily modified and reconstructed to improve their
physicochemical properties, leading to enhanced catalytic activity and
stability | 10]. The manipulation of CeOy NPs surface is a viable strategy
to improve their surface characteristics and catalytic performance

In recent years, CeOg-based materials have emerged as one of the
most promising photocatalytic materials due to their narrow band gap
(~2.8 eV), excellent reactivity, and stable structure (10 12]. However,
the high recombination rate of photogenerated electron-hole pairs has
hindered the potential application of CeQO; in environmental purification

12]. To overcome this limitation, various strategies have been
attempted to enhance the visible-light photocatalytic activity of CeO,,
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such as combining it with other materials like Sn0O5/CeQ,, Ce0,/Cuz0,
Ce02/Cu0, TiOy/Ce0s, Ce0,/CdS, Ce0y/BiaWOg, Ce02/Y203, CeQy/
BiVQy, CeQy/Fey0s, and BiOBr/CeO,, etc [ 17 158, Among these stra-
tegies, the construction of heterojunctions between CeO: and other
functional materials has been identified as a promising approach to
enhance visible-light photocatalytic activity. CuS, one of the narrow
band gap Cu-based semiconductors, has been recently utilized for this
purpose due to its non-toxicity, low cost, and easy accessibility [ 19,201,
It is frequently combined with other photocatalysts to extend the visible-
light response capability | 19].

While some research has explored the use of CeOy combined with
metal sulfides for supercapacitor applications, there are currently no
articles addressing the photocatalytic degradation of pharmaceutical
drugs under visible light irradiation |2 2. Based on the previous re-
ports, we have fabricated and investigated the photocatalytic activity of
CeOy, CuS, and n-CeO5/p-CuS heterostructures, which were synthesized
through a hydrothermal method. The materials were characterized
using various techniques to analyze their optical, structural, and
morphological properties. Our findings suggest that the n-CeO,/p-CuS
heterostructure demonstrated superior catalytic performance in the
degradation of TC, CF, and CT drugs due to its ability to facilitate
electron transfer processes. Additionally, the photocatalytic kinetics of
the degradation of TC, CF, and CT drugs were analyzed using the
Langmuir-Hinshelwood kinetics model. Furthermore, we developed a
fluorescence sensor with excellent selectivity, a wide linear detection
range, and a low detection limit for UA detection. We successfully
applied this sensor to detect UA in human urine samples with satisfac-
tory results.

2. Experimental
2.1. Materials

Copper acetate, cerium nitrate, sodium sulfide, sodium hydroxide
and ethanol were purchased from Sigma Aldrich chemicals, India. The
pharmaceutical drugs including TC, CF, and CT were purchased from
Merck chemicals, India. Phosphate buffered solutions (NaH»POjy-
NayHPOy), ascorbic acid, uric acid, hippuric acid, picric acid, and sali-
cylic acid were purchased from S D Fine chemicals, India. All the re-
agents were of analytical grade (99.0%) and used without purification.
All aqueous solutions were prepared using double distilled water.

2.2. Synthesis of GeO2 NPs

CeOy NPs were synthesized using cerium nitrate hexahydrate (Ce
(NO2)3-6H20) and NaOH in a 1:2 ratio. The procedure involved mixing a
1.0 M solution of Ce(NO3)3-6H20 (4.85 g) with 45 mL of double distilled
water while slowly adding a 0.5 M solution of NaOH (1 g) drop wise. The
resulting mixture was stirred and agitated while continuously adding a
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Fig. 6. UV-vis absorption spectra of the photocatalytic degradation of (a) TC, (b) CF, and (c) CT drugs using n-CeO/p-CuS heterostructures.

0.5 M NaOH (1 g) drop wise. The reaction mixture was then transferred
to a Teflon-coated autoclave and heated for 1 h at 120 °C and 15 lbs
pressure. The remaining excess NaOH was eliminated by filtering the
precipitate using Whatman filter paper and washing it with distilled
water and ethanol. The resulting precipitate was dried for 1 h at 100 °C
in a hot air oven before being calcined for 2 h at 650 °C to obtain a fine
pinkish powder of CeOa NPs.

2.3. Synthesis of CuS NPs

According to our previous work (23], CuS NPs were prepared by
mixing 25 mL of a 0.1 M aqueous solution of copper acetate dihydrate
with 25 mL of a 0.1 M aqueous solution of sodium sulfide. The resulting
mixture was placed in a Teflon-coated autoclave and heated for 1 h at
120 °C and 15 Ibs pressure. The black solid of CuS products was sepa-
rated from the solution by repetitive centrifugations, washed with
distilled water, dried at 70 °C for 12 h, and finally calcined at 500 °C for
2 h to obtain blackish powder of CuS NPs.

2.4. Synthesis of n-CeQO,/p-CuS heterostructures

In the synthesis process of n-CeOy/p-Cu$ heterostructures through
hydrothermal method, 0.068 g of CuS nanoparticles (0.4 mmol) were
dispersed in an aqueous solution by sonicating for 10 min after dis-
solving 0.015 g (0.2 mmol) NaOH and 0.048 g (0.2 mmol) Ce
(NO3)3-6H20 in 60 mL of deionized water. The resulting mixture was

transferred into a Teflon-lined stainless steel autoclave with a capacity
of 100 mlL, sealed and heated at 150 °C for 12 h in a furnace. The green
product was then collected, washed multiple times with deionized
water, and finally dried at 70 °C for 4 h in an oven.

2.5. Characterizations

The scanning electron microscopy (SEM, Instrument Zeiss EVO18)
was employed to observe the surface morphology of the hetero-junction
composite. The crystal nanostructure of n-CeOy/p-CuS$ heterostructures
was analyzed by X-ray diffraction (XRD, X'pert Pro), with CuKa radia-
tion (A = 1.540598 A)inthe 20 range (10-80°) with a step scan of 0.027,
operating at 45 kV and 40 mA. The UV-3600 PC Shimadzu spectro-
photometer was used to investigate the optical properties of the com-
posites. The diffuse reflectance spectra of the samples were measured in
the wavelength range of 200-800 nm using a UV-vis spectrophotometer
equipped with an integrating sphere accessory, with BaSOy4 as a refer-
ence. The fluorescence spectra were recorded on a Shimadzu RF-5301PC
spectrofluorometer with an excitation at 325 nm. Transmission electron
microscopy (TEM) was carried out using a Tecnai G2 transmission
electron microscope operated at an accelerating voltage of 200 kV to
further observe the composite’s structure.

2.6. Photocatalytic activities

To estimate the photocatalytic performance ef-piFs6e0>, Cus, and
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Fig. 7. The bar diagrams of the photocatalytic degradation of (a) TC, (b) CF, and (c) CT drugs using CeOa, CuS, and n-CeQ»/p-CuS heterostructures.

n-CeO,/p-CuS heterostructures, the degradation of pharmaceutical
pollutants including TC, CF, and CT was carried out. A photocatalytic
reactor was utilized to stir 5.8 x 10 M of 100 mL drug solution with
0.018 g photocatalyst for 30 min in the dark, followed by irradiation
with halogen lamps (Philips, 54 W, 145 HW/em?). At specific intervals of
5 min, the suspension was withdrawn and centrifuged to separate the
solid catalyst. The remaining concentrations of dye solution were
measured from the supernatant using a UV-visible spectrometer at the
absorption peak of 357 nm and 275 nm for TC, 278 nm for CF, and 305
nm and 241 nm for CT. The degradation efficiency (%) of the drugs at
different times was calculated using the following equation |24 :

Degradation efficiency (%) = Cp — C/Cp x 100.

where Cg and C; are initial concentration and remaining concentration
of drugs, respectively. The pseudo-first-order kinetics is widely studied
and used as a model equation to compare the photocatalytic activity of
each photocatalyst, using the following equation | 7 |

In(Cy/Cp) = —kt.

The slope of a linear function gives the value of the apparent rate
constant (k, minfj).

2.7. Fluorometric detection of uric acid

In order to assess the selectivity of n-CeO,/p-Cu$S heterostructures
towards UA over other acids, various acids were utilized, including
ascorbic acid (AA), hippuric acid (HA), picric acid (PA), and salicylic
acid (SA). The standard solutions of acids were prepared by accurately
dissolving specific quantities of the acids in an appropriate volume of
100 mM sodium hydroxide solution, which were then stored in the dark
at 4 °C. Additional dilute solutions were prepared each day by accu-
rately diluting just before use. Then, an appropriate volume of the amino
acid solution was mixed with n-CeOy/p-CuS for spectral measurements.
Specifically, different concentrations of UA were mixed thoroughly with
100 pL of 10 pM (pH = 7.4) PBS solution and 400 pL n-CeOz/p-CuS
heterostructure (15 nM) at room temperature. The UV-vis spectra of the
n-Ce0,/p-Cus heterostructure solution were observed after 5 min. The
concentration of UA was quantified via quenching measurement anal-
ysis. All experiments were conducted at room temperature.

2.8. Preparation of real samples

A healthy adult male volunteer provided a 1.0 mL urine sample
which was subsequently analyzed. The urine sample was mixed with 1.0
mL acetonitrile in a centrifuge tube to remove proteins, and the mixture




V. Sumalatha et al

Inorganic Chemistry Communications 155 (2023) 110962

{a) 1.0 (b)10-
0.8 + 0.8
0.6+ 0.6
< <
P
0.4 = 044 =—a=CF only
| =—==TC only —e—Ce0,
—g— CeQ —hCuS
024 amCus 021 —y—n-CeO,/p-CuS \
=v=—n-Ce0,/p-CuS
D-U T T T T T 0-0 T T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Time (min.) Time (min.)
(c)
1.0
0.8
0.6
t g \
<
0.4 -
—u—=CT only \
—eo—CeO,
0.2 —he— CUS
—v—n-Ce0,/p-CuS
0.0 T T T T
0 5 10 158 20 25
Time (min.)

Fig. 8. The plots of A./Ap vs time for the photocatalytic degradation of (a) TC, (b) CF, and (c) CT drugs using CeO,, CuS, and n-CeQ,/p-Cu$ heterostructures.

was then centrifuged at 12,000 rpm for 10 min. The resulting superna-
tant was filtered through a 0.22 pm filter and dried under vacuum at
50 °C for 10 h. Finally, it was diluted to 5 mL with double distilled water
before analysis. The diluted human urine sample was then combined
with n-CeO,/p-CuS heterostructure to measure the fluorescence spec-
trum with an excitation wavelength of 310 nm.

3. Results & discussion
3.1. Structural analysis

The XRD technique was used to analyze the crystalline structures of
the prepared materials, including CeO3, CuS, and n-CeOy/p-Cus heter-
ostructures, as depicted in iz, 1. The diffraction peaks at the 20 position
of 28.45°, 33.68°, 48.41°, 57.85°, 59.11°, and 69.31° in the XRD pattern
of CeO3 correspond to (111), (200), (220), (311), (222), and (400)
crystallographic planes, respectively, and are well matched to JCPDS
card no 96-900-9009 |25 . The XRD pattern of CuS NPs shows crystal
planes of (100), (102),(103), (006), (110), and (108), indicating the
covellite phase with a hexagonal crystal structure. The XRD pattern of n-
Ce04/p-CuS heterostructure demonstrates that it has a cubic phase in
good agreement with reference code (JCPDS PDF No 96-900-0524) and
is ascribed to the hexagonal phase. The Debye-Scherrer formula was
used to estimate the average crystal size of the n-CeOs/p-CuS hetero-
structure, which is in the range of 10 £ 3 nm and exhibits a fine crys-
talline nature.

3.2. Morphological analysis

SEM was used to investigate the morphology and microstructure of
the samples, and the resulting images of CeOa, CuS, and n-CeO2/p-CuS
heterostructures are displayed in 1'iz. 2(a—c), respectively. CeO; appears
as nanorods (1. 7b), while CuS particles are spherical in shape (1|
(a)). In the SEM image of the n-CeO/p-CuS heterostructure, both
spherical particles are observed to be deposited on the surface of the
nanorods (2. 2(c)), confirming the presence of both CeOy and CuS in
the n-CeQ/p-CuS heterostructure material.

To further investigate the morphologies of the synthesized nano-
materials, TEM-SAED analysis was performed. High magnification TEM
images of CeOs, CuS, and n-CeQ,/p-Cu$ heterostructure are shown in

/(a~d). The nanorod-shaped CeO, (with a length of approximately
100 nm) and spherical CuS nanoparticles (with a size of about 12 + 5
nm) are clearly visible in I/, “(a-b). The TEM image of the n-CeO/p-
CuS heterostructure reveals that different shaped CuS particles are
uniformly deposited on the surfaces of CeOz nanorods, as shown in '
(). ¥iu. 2(d) shows a SAED pattern which indicates that both CuS and
CeO, particles are polycrystalline, as the reflection spots are on
concentric rings. These images clearly exhibit the resolved lattice
fringes, which indicate the high crystallinity of the synthesized
nanomaterials.

3.3. Optical analysis

The optical properties of the fabric
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Fig. 9. Kinetic plots for the photocatalytic degradation of (a) TC, (b) CF, and (¢} CT drugs using n-CeOy/p-Cu$ heterostructures.

Table 1
The photocatalytic degradation parameters of TC, CF, and CT drugs using CeO,
CusS, and n-CeO,/p-CuS heterostructures.

S. Catalyst Dye  Degradation Rate Halflife  R?
No. efficiency (%) constant time
(min~") (min)

i § No TC 11.2 0.0125 55.44 0.99
catalyst

2 No CF 9.1 0.0112 61.87 0.97
catalyst

3 No CT 8.5 0.0105 66.02 0.98
catalyst

4 CeO2 TC 59.1 0.1892 3.66 0.98

S CuS TC 713 0.3125 2.21 0.99

6 n-CeOy/ TC 98.3 0.5214 1.34 0.98
p-CuS

7 CeO, CF 63.6 0.2151 3.22 0.97

8 CusS CF 69.2 0.3028 2.28 0.99

9 n-CeOy/ CF 93.1 0.4925 1.41 0.98
p-CuS

10 CeOz CT 58.2 0.1763 3.93 0.98

11 CuS CcT 74.5 0.3269 2.21 0.97

12 n-CeQy/ CT 92.6 0.4893 1.42 0.99
p-CuS

validated using diffuse reflectance spectroscopy analysis. Iz 4 illus-
trates the UV-Vis DRS spectra of CeOs, CuS, and n-CeOs/p-CuS heter-
ostructures in the range of 250-750 nm. It is evident that unmodified
CeO; exhibits an absorption edge in the UV region at 415 nm, which is

A A,

T T T T T

75 100 .
Time (min.)

e
125

Fig. 10. Stability and recyclability for the photocatalytic degradation of TC,
CF, and CT drugs using n-CeO,/p-Cu$ heterostructures.

related to electron excitation from the valence band (VB) to the con-
duction band (CB) across the band gap of 2.98 eV (251, On the other
hand, the absorption spectrum of CuS shows an absorptier

sponding to a band gap of 1.16-2.24 eV (1.84 eV) | 72, TheW

~
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Cu$S composite photocatalysts exhibit a shift towards the visible region,
and its bandgap is approximately 2.54 eV, which is good agreement with
previous report | 2. This indicates that the absorption edge of n-CeO2/
p-CuS composite provides better visible light-harvesting ability than
CeQ,, which is expected to enhance the photocatalytic activity under
visible light.

Photoluminescence (PL) analysis of CeOs, CuS, and n-CeO,/p-CuS
heterostructures as presented in !i¢. 5. It is crucial in determining the
ability of n-CeO,/p-CuS composites to separate electron/hole pairs and
trap charge carriers. PL spectra of CeO; exhibit two strong PL bands
between 400 and 500 nm, which are attributed to the O2p — Cedf
transition in CeOs, indicating fast recombination of charge carriers | 7
CuS, on the other hand, shows a moderate signal at 461 nm, indicating
low recombination of charge carriers. In the case of n-CeOy/p-Cu$ het-
erostructure, the PL spectrum showed a minimal intense PL signal due to
emission quenching | 77 . The configuration of CuS on CeO; intensively
retarded the recombination of charge carriers, which causes higher ac-
tivity than individual CuS and CeO, materials. Therefore, the quenching

E vs. NHE (V)
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of emission in n-CeQ,/p-CuS heterostructure material confirms the
presence of CuS on CeO; and its ability to efficiently trap the charge
carriers, leading to higher photocatalytic activity than individual CuS
and CeO» materials.

3.4. Photocatalytic activity

The photocatalytic performance and recycling stability of the syn-
thesized CeQs, CuS, and n-Ce0,/p-CuS$ heterostructures were evaluated
for the degradation of pharmaceutical drugs (TC, CF, and CT). First,
Ce0, and CuS NPs showed a similar and weak adsorption capacity.
Under visible light irradiation, only a small amount (11.2%, 9.1%, and
8.5%) of TC, CF, and CT drugs were degraded in the absence of photo-
catalyst, respectively. Nevertheless, the n-CeOy/p-CuS heterostructures
could remove efficiently (98.3%, 93.1%, and 92.6%) than the CeO; NPs
(59.1%, 63.6%, and 58.2%) and CuS NPs (71.3%, 69.2%, and 74.5%)
with in 25 min of irradiation, respectively (' ©(a—c)). These results
indicated that the n-CeQ,/p-CuS heterostructure have an enormous
degrading efficiency under visible light as shown in 772 7(a—c) and

io. “(a-c). The enhanced photocatalytic activity of the n-CeO4/p-CuS
composite materials observed in this work might be the results from the
hindrance of the electron-hole recombination process due to the sepa-
ration of photogenerated charge carriers between CeO; and CuS heter-
ojunction and the enhancement of light absorption ability of n-CeO»/p-
CuS composite in the visible region.

The degradation efficiency of n-CeO2/p-CuS heterostructures was
studied using the pseudo-first order rate reaction [ ¢ . The degradation
rate constant of the n-CeOa/p-CuS heterostructure was found to be
several times higher than that of individual CuS and CeO; NPs, reaching
maximum under visible light as shown in 2. 9(a~c) and Table 1. The
results suggest that coupling CeO, can effectively enhance the photo-
catalytic activity of CuS under visible light in the n-CeO/p-CuS heter-
ostructures. In addition, the formation of n-CeOy/p-CuS
heterostructures allows for efficient transfer of photogenerated e in the
CB from CeQ3 to CuS and parts of h™ in the VB in the opposite direction,
which is beneficial for separating photogenerated electron holes and
enhancing photocatalytic activity.

The recycling ability of n-CeOy/p-Cu$ heterostructures was evalu-
ated for the degradation of TC, CF, and CT drugs under visible light
irradiation as shown in 'z, 10. The results indicate that the n-CeO2/p-
Cu$S heterostructures have prominent photocatalytic stability, as the
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Fig. 12. Effects of different scavengers on the degradation of TC, CF, and CT
drugs in the presence of n-CeO,/p-CuS heterostructure.

complete degradation of all drugs remained unchanged even after 5
cycles. The characterization analysis of n-CeO»/p-CuS photocatalyst
after stability tests were evaluated by carrying out recycling reactions
five times for the photodegradation of drugs and results are shown in

o 11. No decrease in catalytic activity was observed in the recycling
reactions and the XRD patterns of the n-CeO3/p-CuS composite photo-
catalyst also showed no change before and after photoreaction. These
evidences indicate that the n-CeQOa/p-CuS photocatalysis system has
good stability.

3.5. Photocatalytic degradation mechanism

A possible mechanism for the photocatalytic degradation of drugs
over the prepared n-CeQ,/p-CuS heterostructures under visible light is
shownin Scheme 1. Asshownin Scheme 1, the CeO5 has a lower valence
band edge than CuS and as well as it has a higher conduction band edge
than CuS. Also, the Fermi level of CeOs is located in a much higher
position than CuS owing to CeOy is an n-type semiconductor, while CuS
is a p-type semiconductor. These semiconductors form a p-n hetero-
junction and the electron transfer occurs from CeQO3 to CuS. By devel-
oping internal electric field, the flow of charge carriers generates a
depletion layer among CuS (positively charged region) and CeO:
(negatively charged region) under visible light | 26 |. The charge sepa-
ration of the n-CeO,/p-CuS composite would be increased owing to the
internal electric field and band gap alignment. The carriers transfer take
place among CeO; and CuS owing to their carriers gradient. The elec-
trons are excited from the VB to CB of CuS, leaving behind holes in the
VB. The photo-generated electrons in the CB of CuS (—0.68 eV) were
rapidly transferred to the CB of CeOg (—0.56 V). The electrons reacted
with oxygen (O2) to produce superoxide radicals (" Og). The electron
reduction process of O3 (E = (02/H202) = 0.695 V/NHE) lead to form
H505 which could be combined with an electron to form "OH [29]. Also,
holes in the VB of CeQ5 (-+2.42 eV) were rapidly transferred to the VB of
CuS (+1.16 eV) and reacted with either water (H20) or hydroxyl ions
(OH™) adsorbed onto the photocatalyst surface to form hydroxyl radi-
cals. All radicals degrade the drug to produce CO; and H20 as harmless
substances |10 21|

3.6. Detection of active species in the drugs degradation

It has been recognized that the photogenerated holes and electrons

Inorganic Chemistry Communications 155 (2023) 110962

stemmed from the conduction band and valence band and the subse-
quently produced radicals are the potential reactive species for the
photocatalytic degradation of drugs | 7. In order to reveal the photo-
catalytic mechanism and investigate the active species involved in the
photocatalytic process for n-CeO/p-CuS composite, various scavengers
are employed to suppress the function of one of the active species
generated in the photodegradation process. The ‘OH, " Oy, 10,, and h*
were examined by adding 1.0 mM benzoquinone (BQ, a quencher of
""03), 1.0 mM isopropanol (IPA, a quencher of "OH), 1.0 mM ammonium
oxalate (AO, a quencher of h™), and 1.0 mM sodium azide (SA, a
quencher of 10y), respectively. As illustrated in Fi. 7, the degradation
efficiency of BQ quenching declined more than those of IPA and AO, but.
the photocatalytic degradation of TC, CF, and CT drugs were not influ-
enced by the addition of SA. Thus, the quenching caused by various
scavengers revealed that the reactive ™ Oy was crucial, whereas the "OH
and h" played minor role in TC, CF, and CT drugs degradation;
furthermore, the ‘OH was created through a multistep reduction of " O,.

3.7. Fluorescence detection of uric acid

In the fluorescence detection of acids, along with the sensitivity
requirement, high specificity and selectivity is crucial in most scenarios
especially in real sample detections. To evaluate the selectivity of the
fluorescence sensor of n-CeO2/p-CuS heterostructure, we measured the
fluorescence intensity changes in the presence of the representative
acids at different concentrations under the analogous conditions. Among
the tested acids, including AA, UA, HA, PA, and SA, only UA signifi-
cantly affected the fluorescence intensity of the n-CeO,/p-Cu$ hetero-
structure, as shown in Fiz. 1 2(a). These results demonstrate the good
selectivity of the n-CeOy/p-CuS heterostructure-based sensor for UA
over other acids.

To assess the sensitivity of the n-CeOa/p-CuS heterostructure in
fluorescence detection of UA, we monitored the fluorescence intensity at
461 nm as a function of UA concentration. As shown in Fiz. 17(b—c), the
fluorescence emission of the n-CeQ,/p-CuS heterostructure at 461 nm is
considerably quenched with increasing UA concentration from 1 to 100
1M, and the limit of detection (LOD) is 1.214 pM. The correlation be-
tween fluorescence-quenching efficiency and UA concentration was
investigated using the Stern-Volmer formula |22 : Fo/F = KSV [Q] + 1,
where Fy and F are the fluorescence intensity of the n-CeOa/p-CuS
heterostructure at 516 nm when immersed in water and UA aqueous
solution, respectively; Ksy is the quenching constant (M~1); [Q] is the
concentration of UA. A good linear relationship was observed between
Fo/F and [Q] in the range of 10-100 pM (Fiz. | 2(d)). The Kgy value was
calculated to be 7.26 x 10° M), indicating that UA has a strong
quenching effect on the n-CeO/p-CuS heterostructure. Hence, the n-
Ce0»/p-CuS heterostructure-based sensor exhibits high sensitivity and
selectivity for UA detection.

3.8. Selectivity of proposed fluorescent sensor

Evaluating the selectivity of a fluorescent sensor is crucial for its
accurate performance. Therefore, in this study, the effects of various
mental ions (K™ and Na™) and small biological molecules (UA, AA, PA,
HA, SA, Glu, Lac, Ala, and Lys) were investigated (I'/z. 14) to assess the
selectivity of the n-CeO2/p-CuS heterostructure-based sensor for UA
detection. The results revealed that the interfering species mentioned
above had a negligible effect on the sensor’s performance compared to
UA. This high selectivity can be attributed to the strong affinity of uri-
case for UA. Hence, the proposed fluorescent sensor can detect UA
concentration selectively and offer accurate results even when the
interfering species are present at high concentrations.

3.9. Real sample analysis

To demonstrate the applicability of the sg
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Fig. 14. Selectivity analysis for UA detection by quenched FL intensity of n-
Ce0,/p-CuS heterostructure. All the analytes were first incubated with uricase
(1.3 U mL™") in PBS (0.1 M, pH = 7.0) for 45 min at 37 °C bath. The con-
centration of n-CeOa/p-Cu$ heterostructure is 0.02 mg mL~%. The concentration
of UA is 10 uM. The concentration of the others is 50 pM.

Table 2
Determination results of UA in human urine samples (n = 3).
UA Background + SD Added Found + SD Recovery
(mM) (mM) (mM) (%)
Male urine 1.69 + 0.04 3.00 5.15 + 0.06 94.8
Female 4.12 +0.09 3.00 7.20 + 0.08 104.3
urine

analysis, human urine samples were collected from healthy adult male
volunteers and were tested for the detection of UA. Although a slight
detection of UA was observed in the urine samples, the credibility of the
method was evaluated using the standard addition method, and the
recovery ratios were calculated ([2blc 2). The results showed satisfac-
tory recoveries with values ranging from 94% to 105% for human urine
samples, with relative standard deviations of less than 5% (n = 3). These
results demonstrate the potential use of the proposed assay for accurate
quantification of UA in aqueous solutions. The high accuracy and pre-
cision of this method in practical applications were confirmed by the
standard recovery values [ 24 .

4. Conclusions

In this study, CeOp, CuS, and n-CeO,/p-CuS heterostructures were
successfully synthesized using a hydrothermal method, and their
structure, bandgap, morphology, and average diameter were charac-
terized by UV-vis DRS, PL, XRD, SEM, and TEM. The XRD patterns
showed that the n-CeO2/p-CuS heterostructure had a hexagonal phase,
while TEM analysis revealed that n-CeO,/p-CuS heterostructure had
CuS deposited on the surface of CeQ, nanorods with an average diam-
eter of 10 + 3 nm and a length of ~100 nm. Visible-light-driven pho-
tocatalytic degradation of TC, CF, and CT drugs was studied. As a result,
the n-CeO2/p-CuS heterostructure was an excellent catalyst for visible-
light-driven degradation of TC, CF, and CT drugs, with maximum
degradation and "~ O, being the main active species and ‘OH radical and
h" being the minor active species in the degradation process. The n-
CeOs/p-CuS heterostructure also showed excellent selectivity and
sensitivity for fluorescence detection of UA, with a LOD of 1.214 pM. The
fluorescence emission of the heterostructure at 461 nm was quenched
significantly with increasing UA concentration, and a good linear rela-
tionship was achieved between Ip/T and [Q]. In addition, interfering

Inorganic Chemistry Communications 155 (2023) 110962

species, such as mental ions (K" and Na") and small biological mole-
cules (AA, PA, HA, and SA, Glu, Lac, Ala, and Lys), were found to be
negligible compared with UA, indicating high selectivity. Finally, the n-
Ce0y/p-Cu$ heterostructure was applied to the determination of UA in
human urine samples, and standard addition method was used to eval-
uate the credibility of the method. Satisfying recoveries were obtained,
with recoveries ranging from 94 to 105% for human urine samples and
relative standard deviations of less than 5% (n = 3). These results
demonstrate the potential use of the proposed method for UA quantifi-
cation in aqueous solutions with excellent accuracy and precision.
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Abstract: The rapid development of the underlying infrastructure of the internet has permitted the widespread
acceptance of a number of emerging technologies that have far-reaching ramifications for current society. As
a result of the expansion of the Internet of Things, several new networking protocols and upgrades have been
created and implemented. On top of that, there is a significant shortage of financing for the development of in-
formation technology applications, as well as critical security problems that jeopardise private data. As if that
weren’t enough, there are also substantial weaknesses in the data’s privacy protection. In spite of the enormous
research that has been done, there has not been a single security solution for the IoT network that has been
proved to be entirely effective. This is due to the fact that the network of things connected to the Internet of
Things has a unique mix of low energy usage, rare materials, sufficient computational power, and considerable
operational expenses. As a consequence of this, we consider the modification of the protocol to be a viable
and comprehensive strategy for defending Internet of Things devices from cyberattacks. The inclusion of IoT
layer-specific security solutions into enhanced code is one of the many ways in which algorithmic enhancements
contribute to the accomplishment of this objective. In this study, we propose improving and integrating the

DTLS Procedure with the earwigging mechanism, also then testing the protocol on representative models of
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IoT networks to confirm its effectiveness, practicability, economy, and appropriateness. This would be done
after the protocol had been tested. These findings will be presented in the form of a paper that will be written
up.

Key words: Security networks, Cyber networks security, Wireless sensor networks, Internet of Things.

1. INTRODUCTION

The proliferation of devices that are enabled by the Internet of Things has resulted in a slew of
brand-new advancements in networking, as well as in the protocols that govern it. In addition, there
is a shortage of resources for the development of applications using information technology, and there
are security flaws that pose a significant threat to the information’s ability to remain private. In spite
of the significant amount of research that has been done, there is not a single security solution that
has been shown to be completely successful for the IoT network. This is because the IoT network
has a unique combination of characteristics, including great energy efficiency, limited resources, high
processing capability, and high operational expenses. Because of this, we feel that an upgrade to the
protocol ought to be deemed a feasible and all-encompassing solution for the purpose of safeguarding
devices connected to the Internet of Things from cyber assaults. One of the ways in which algorithmic
innovations help to the achievement of this goal is via the incorporation of code improvements and
security solutions that are particular to certain IoT layers. In this piece, we make the suggestion that
the DTLS protocol may be improved by including an overhearing method into it. This would make
it possible to have communications that are more secure. After that, we put many different models
of Internet of Things networks through a battery of tests to establish whether or not the system is
functional, viable, cost-efficient, and acceptable in its current state.

2. IMPROVED DTLS AND OVERHEARING FOR COMPREHENSIVE SECURITY

This is done so that it may take use of both the high level of security offered by asymmetric encryption
and the speed offered by symmetric encryption. DTLS is different from TLS since it was designed to
work with WSN. To begin, DTLS strengthens the integrity of the encryption by establishing timers
on both the server and the client to reattempt transmission of any missed packets. The encryption
keys that are used in DTLS are shorter than those that are used in TLS, which makes it simpler to
put WSN approaches into practise. Even though it is still in the process of being developed, the Data
Transport Layer Security (DTLS) protocol is being tested to secure WSN data from being spoofed and
eavesdropped on. Overhearing conversations may be able to assist in the detection and mitigation of
DoS attacks, which are known to decrease the availability of the Internet of Things . In particular,
distributed denial of service attacks (DDoS) obstruct the delivery of services to legitimate users of the
internet of things. This puts a halt to all service operations and results in financial and reputational
damages for consumers as well as service providers [1]. Architecture and attack method are the
two categories that are most often used for classifying denial of service attacks [2]. The theoretical
foundation of an IoT DoS Attack is referred to as architecture, while the operational technique is
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referred to as mechanism. UDP flood denial of service attacks that are coordinated by a bhotnet are
presently the norm. Overhearing makes it possible for nodes to eavesdrop on one another and find
Bots by identifying the hub of Internet of Things (IoT) communication. Robots will be quarantined as
soon as they are detected, and only then will they be employed in an attack Integrity, availability, and
secrecy are the three pillars that make up the CIA security triangle [3, 4], which sets these principles as
the foundation of information safety and security. Figure 1 also includes the CIA’s enhanced Security
6-pointed star, which will (in the near future) have an additional three qualities added [5, 6]. Each
ever more advanced characteristic is the consequence of the superposition of the two basic features
that are immediately next to it. See Figure 1 for a visual representation of this concept. Three white
peaks are marked with uppercase letters to signify the most basic aspects, while three black peaks are
labelled with lowercase characters to represent the most comprehensive features.

MNon-reputation

AVAILABILITY CONFIDENTIALITY

* INFORMATION

%

\/

Code Validation Authentication

INTEGRITY
Figure 1. An Early Warning Sign of Safety I.C.I.A. 6-pointed star

If the IoT system’s security solution safeguards all three apexes of the security CIA triangle,
then the system may rest easy knowing that its most basic qualities, as well as the three that expand
from them, are secure. Therefore, the full and entire safety of all critical qualities will be supplied by
the DTLS protocol’s protection of confidentiality and integrity, in combination with the protection of
availability offered by the overhearing mechanism. Because of their susceptibility to denial-of-service
attacks, Internet of Things (IoT) systems would benefit greatly from the implementation of both meth-
ods. Implementing both the DTLS procedure also the overhearing mechanism will protect IoT systems
from virtually every threat currently present, as both have been shown to be effective at preventing
data sniffing and spoofing attacks, as well as denial of service attacks via botnet and UDP flood.
The all-encompassing security architecture that Yashaswini used consisted of four levels: the appli-
cation layer, the support layer, the sensor layer, also the transmission layer [7, 8]. A technique for
overhearing is implemented in the sensor layer, together with the implementation of the DTLS pro-
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tocol in the transmission layer. The spread of these two different solutions over the whole of the IoT
infrastructure is shown in Figure 2.
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Figure 2. IoT system’s DTLS and overhearing hotspots

As can be observed in Figure 2, DTLS and overhearing capabilities are present in the gateway,
the sensor node, and the sensor environment. Because of the complex nature of IoT networks, they
are more vulnerable to DDoS assaults than traditional networks. Second, there are not yet sufficient
security solutions for components that utilise IoT protocols like 6LoWPAN and Zigbee [9], even if the
internet is secured by robust security methods like TLS. Despite the robust safeguards in place, this
is still the case. Therefore, it is crucial to implement the all-encompassing security solution for these
IoT parts.

3. EXTENSIVE SECURITY SOLUTION MODELLING

There are several advantages to using the Contiki Operating System [10], some of which include the fact
that it is open-source, the accuracy with which simulations may be visualised, and the friendliness of
its interface. Since the overhearing approach has been implemented and tested in the contiki operating
system, the paper’s simulation may be trusted and relied upon for accuracy and safety. On the other
hand, the ”tiny-dtls” version of DTLS is already being used in the contiki environment [11, 12]. Cooja
is a simulation application for Java code that is used for all aspects of design and deployment in files
[13]. In order to install them, we made use of the contiki operating system, and we simulated a denial-
of-service attack inside a square-grid wireless sensor network by using UDP Flood and botnet. The
findings of the simulation indicate that overhearing is successful when a network is able to maintain

regular operation while experiencing a brief decrease in performance [14]. The file framer-802154.c,
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Table 1. Overhearing mechanism and the DTLS Protocol

DTLS

OVERHEARING

Characteristic

Integrity: Stop Attacks From
Being Spoof Cryptography,
Symmetric and Asymmetric
The data-hashing technique

Each node keeps an eye on the
ones around it. Once a ”Singu-
larity point from median Algo-
rithm” identifies a bot, the bot

is removed from the network.
Availability: stop Denial-of-
Service Attacks

The IEEE 802.15.4-standard
nodes are used in the simula-

ECC’s Data Backup System
Confidentiality: halt Attacks
Caused by Sniffing

The "app” folder is referred to
throughout the simulation.

Target of protection

Zone of safety

tion.
Location in “contiki- master” | Folder “tiny-dtls” on folder | For example, see
“apps” " core/net/mac” /framer-
802154.c.

Location in IoT Transmission Layer (related to | Sensor Layer (related to WSN)

Protocol)

which can be found in the ”core/net/mac” portion of the source code that controls network nodes, is
where the Overhearing feature of the Contiki OS is really implemented. As a direct consequence of this,
the overhearing mechanism safeguards any node that complies with any of the two network standards.
The "tiny-dtls” application is the DTLS protocol simulator for the contiki operating system. In spite
of this, not all contiki operation simulations are included inside the ”tiny-dtls” safety net. Using DTLS
to encrypt data on a typical IoT network is not a good idea for a number of reasons, including its high
resource needs and the complexity of the encryption algorithms it employs [15]. This is true even in
the case when there is no overhearing going on. Memory and computing power of Internet of Things
devices might be fairly constrained at times. As a result, a number of DTLS improvements are in the
works, all of which are intended to cut down on resource consumption while maintaining the robust
security and consistency of the system inside the IoT [16, 17]. The following is an exhaustive summary
of all of the newly added features and alterations:

The Internet of Things network nodes are placed at 30-meter intervals on a square grid. The distance
between any two nodes on a diagonal is 42 metres, as shown by the Pythagorean Theorem for right
triangles . Therefore, the length of the diagonal is around 42 metres between any two nodes. This

simulation has a total of 25 nodes, with five endpoints on each of the square’s four sides. A more diverse
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set of pathways is possible in a network with a grid topology since each node has more neighbours.
Each node in this topology may send information directly to its neighbours along any of the three
axes of the simulation space (horizontal, vertical, and diagonal). With this configuration, information
may be sent from a node at a square topology’s corner to three other nodes, from a node on a side
to five other nodes, and from a node in the centre to eight other nodes. Tt is important to note that
this simulated experiment did not contain multi-hop capabilities, which enable a node to send to more
than one destination. Because of this, it was impossible for a node to send a message to more than

one receiver at a time. This topology is shown in Figure 3 for your viewing pleasure.
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Figure 3. IoT network topology for use in simulated experiments

Figure 3 show client nodes with white backgrounds and black text, whereas the Server nodes
have black backgrounds and white text. Figure 3 shows three Bot nodes with a background pattern
consisting of a black upward-diagonal line working together to execute a Denial of Service attack
against the target server by sending a large number of UDP packets to it. DoS attacks are more
successful against an IoT network when the Bots are spread out in a way that takes advantage of their
varied positions in the DAG tree and their varying distances from the server node. In other words,

when the Bots are distributed in this manner, the DoS attack is more likely to succeed.
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4. RESULTS AND DISCUSSION

Wireshark was chosen to do the analysis and assessment of our proposal because it is considered to
be one of the most effective applications for researching network protocols via the examination of
data obtained from decapsulated packets . ;[‘est case TC3, which simulates a network that has DTLS
installed, and Test case TC2, which simulates a network that does not have DTLS installed, are both
executed in wireshark. Because MDNS packets were discovered on a network where DTLS had just
recently been implemented (depicted with a dark brown marking), it was determined that the DTLS

Protocol had been successfully deployed.
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Figure 4. (a) Network installing DTLS
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Figure 5. (b) Network without installing DTLS

CPU stands for the amount of power used by the central processing unit throughout the
simulation (the value of CPU varies depending on the kind of node), and LPM is the fraction of

simulation time that a node spends doing basic operations. We will evaluate the whole WSN based
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on three parameters and then calculate an average for each node.The CPU is the amount of power
consumed by the CPU during the simulation (the number of CPUs used varies depending on the type
of node), and the LPM is the fraction of total simulation time that a node spends performing its
core operations. The total value of the WSN will be calculated as the mean of three different metrics
collected from throughout the network. Tome Sky nodes are used for the simulation, and they only
need 1.05 mew for a 5-minute runtime or less than 12.6 mow per hour . Accordingly, for the WSN
to function dependably, its energy consumption should be no more than 315 mJ. The results of the
research conducted in Time Courses 1 through 6 are summarised in Table 2. Remember that the total
of all these results is equivalent to the average value of IoT for that criteria.

WSN. Tome Sky nodes, employed in the simulation, need less than 12.6 mow of power over the course
of an hour and 1.05 mew over the course of 5 minutes. This means the WSN’s energy ingesting
necessity be less than 315 mJ if it is towards maintain a constant state of operation. Table 2 displays
the experiment’s outcomes for all time points from TC1 to TC6. It’s important to note that the value

shown here is the mean worth of IoT for each standard.

Table 2. WSN Test Case Efficiency

Mechanics and their current state | PDR (%) | Energy (mJ) | Latency (ms)
TC1 | Normal, Overhearing 99.52 177.7 642.44
TC2 | Normal, DTLS 99.55 152.18 627.25
TC3 | Overload, DTLS 17.58 981.74 51922.21
TC4 | Normal, DTLS, Overhearing 96.29 211.57 655.34
TC5 | Overload, DTLS, Overhearing 96.04 312.8 783.74
TC6 | Overload, Overhearing 97.9 185.14 724.37

Table 2 has several analytical assertions that may be found there. The adoption of a complete
safety solution that integrated DTLS also overhearing had a detrimental influence on the typical
transmission performance of WSN. In particular, the amount of energy that was used increased
noticeably and rapidly within a short period of time. This drop may be attributed, in part, to the
use of DTLS and overhearing in combination with several other WSN procedures. Features like as
DTLS encryption and overhearing monitoring contributed to an increase in the WSN’s power usage.
Even though both the PDR and the Latency increased, they were still over the threshold for reliable

transmission; as a result, the delay in the WSN’s ability to operate was kept to a minimum. The
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increase in energy demand did not result in the WSN being overwhelmed .

Because to overhearing, the transmission overload that was brought on by a simulated denial of service
attack was reduced. Despite the fact that they were improved, all of the WSN criteria, including the
DTLS, continued to have high energy needs. As a component of a comprehensive security solution the
DTLS protocol and the overhearing approach will soon be deployed in a genuine Internet of Things

system that makes use of Arduino devices.

5. CONCLUSION

In this research, we identified three information security aspects that, together referred to as the ” CTA
security triangle,” are required to be guarded against any possible threats that may be posed by an
IoT system. These properties include privacy (to stop people from listening in), integrity (to stop
people from spoofing), and availability (to stop people from blocking services). Our team created the
DTLS Protocol, which protects against attacks such as sniffing and spoofing. Additionally, our team
developed the overhearing mechanism, which protects against attacks such as denial of service. The
purpose of this research is to spread the word about the all-encompassing security solution that was
developed by our group. This solution uses a strengthened version of DTLS at both the transport
and the sensing levels. Our response includes location diagram, enhancements to DTLS’ resource
efficiency to allow for its use on low-power networks. After the theoretical framework has been built,
our group will get started with the simulations of the contiki OS experiment. These experiments are
being conducted with the intention of finding the sweet spot between DTLS and overhearing, with
the end goal of attaining complete security. In addition to that, they will simulate a denial of service
attack by using a botnet and a UDP flood. During the packet capture that our team ran, we made use
of Wireshark, and the results revealed that simulated WSN conversations were protected with DTLS
encryption. The results of WSN performance metrics such as PDR and Latency proved the steady
functioning of WSN after the implementation of this complete security solution and passing through
a simulated denial of service assault. Even though there are many more obstacles to overcome when
establishing a real Internet of Things system as opposed to a simulated one operating on the contiki

operating system, the experimental dependability in a real system is far greater.
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ABSTRACT

In this study, CuO, ZnS, and p-CuO/n-ZnS heterojunction composites were synthesized
using a simple co-precipitation method for investigating their photocatalytic properties
for dye degradation and fluorescence sensing of thiol-containing amino acids at room
temperature. The synthesized CuO, ZnS, and p-CuO/n-ZnS heterostructures were ana-
lyzed using UV-vis, PL, XRD, and TEM. The results showed that the heterostructure ex-
hibited enhanced absorption in the visible light range, and synthesized materials have
spherical shape with an average particle size is 12 + 5 nm. The photocatalytic activities of
Cu0, ZnS, and p-CuO/n-ZnS heterostructures were evaluated by the degradation of var-
ious dyes such as MB, MO, and MR under visible light irradiation. The p-CuO/n-ZnS het-
erostructure showed the best photocatalytic efficiency, with degradation rates of 98.3%,
94.2%, and 92.8% for MB, MO, and MR dyes, respectively, compared to CuO NPs {72.5%,
75.8%, and 73.5%) and ZnS NPs (76.2%, 79.1%, and 78.3%) within a 35 min of reaction. The
enhanced photocatalytic efficiency of the p-CuO/n-ZnS heterostructure was attributed to
its high charge separation efficiency, which remained stable for up to five cycles without
any significant loss of activity. Furthermore, the p-CuO/n-ZnS heterostructure was used as
a fluorescent sensor for detecting thiol-containing amino acids such as cysteine (Cys) and
methionine (Met). The results showed that the heterostructure had good sensing perfor-
mance for Cys and Met within the range of 1-100 pM, with a detection limit of 2.52 pM
(Cys) and 5.14 pM (Met) based on the linear calibration range. Moreover, p-Cu0O/n-ZnS
composite was used to detect Met in human serum and urine samples.
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1. Introduction

Designing an efficient hybrid structure photocatalyst for
photocatalytic decomposition has been considered a great
choice to develop renewable technologies for clean energy
production and environmental remediation (Ayodhya, 2023;
Chen et al., 2023a; Zhang et al.,, 2022). For this, the hetero-
geneous and heterojunction-based photocatalysts can
greatly inhibit the recombination of electron-hole pairs, and
enhance light utilization rate via broadening the spectral
response (Zhang et al., 2017). A typical photocatalytic system
requires materials that have an ideal bandgap to effectively
harvest a large portion of the solar spectrum, and they must
have suitable conduction and valence band edges for tar-
geted reactions (Hu et al., 2020). At the same time, these
materials should be abundant, easily accessible and stable in
the long term. Semiconductor materials, especially metal
oxides and metal sulfides, meet these requirements well. On
the other hand, the photocatalytic activities and gas sensi-
tivities are enhanced by using materials with high specific
surface area, which provides abundant reactive sites for in-
creasing the adsorption of target species. Some general
strategies, such as decreasing particle sizes to nanoscale or
designing corresponding two-dimensional nanosheet forms,
are employed to increase the surface area (Trang et al., 2020).
Among the numerous semiconductors, CuO and ZnS have
been widely used as hybrid photocatalysts due to their re-
markable photocatalytic activity, appropriate band gap, and
stability against photocorrosion (Ayodhya, 2023). Among
these hybrid composites, p-n type heterostructure ones
present excellent photocatalytic activity (Xiong et al., 2022).
The p-n heterostructure possesses a built-in electrical po-
tential in the space charge region from the n-type side to the
p-type side, which can direct the carriers to quickly migrate
in the opposite direction, leading to effective separation and
longer lifetime of charge carriers (Zhu et al, 2022; Xiong
et al., 2023).

Fluorescent and colorimetric methods have recently
gained attention for selective discrimination of amino acids
in sensing applications. The various techniques such as in-
dicator-displacement assays, metal complex coordination,
specific reactions between probes and amino acids have been
widely used for this purpose (Chen et al., 2010). Thiol-con-
taining amino acids serve as important marker molecules in
biological systems, with high levels of disulfide cysteine in
urine indicating kidney dysfunction, while plasma cysteine
levels are linked to Alzheimer's and Parkinson's diseases
(Yeom et al, 2022). Accurate determination of thiol levels
provides critical insight into physiological functions and
disease diagnosis. Several techniques have been described in
literature for determination of thiols, including colorimetry,
chromatography, spectrophotometry, fluorescent spectro-
metry, electrochemical methods, and flow injection spec-
trophotometry (Reliene et al., 2004; Huang et al,, 2018; Chen
et al., 2023b; Ayodhya and Veerabhadram, 2018; Arshad et al.,
2023; de Toledo Fornazari et al., 2005). Among these techni-
ques, fluorescent methods have gained significant attention
due to their high sensitivity, low cost, simplicity, and rapid
response (Chen et al, 2023b; Ayodhya and Veerabhadram,
2016a; Chen et al, 2021). Based on these reports, we have
developed and analyzed a fluorescent sensing method for the
detection of amino acids.

In recent years, p-n heterojunctions based semi-
conductors made of transition metal oxides and metal

sulfides have garnered significant interest in various fields,
including optics, optoelectronics, photovoltaics, electro-
chemistry, and photocatalysis, among others. ZnS is a wide
band gap material that exhibits excellent properties, such as
n-type conductivity, a direct band gap of approximately
3.37 eV at room temperature, and a high exciton binding
energy of 55 meV, which makes excitons thermally stable
even at room temperature (Ayodhya and Veerabhadram,
2016b; Pawar et al., 2017). Due to its exceptional fundamental
properties, ZnS is used in numerous applications, including
sensors, bio-devices, light-emitting diodes, lasers, infrared
windows, and flat panel displays (Ayodhya and
Veerabhadram, 2016b). In other hand, metal oxides are also
promising materials for gas-sensing applications due to their
low cost, high stability, and compatibility with microelec-
tronic processing. They are extensively studied for detecting
harmful gases such as CO, NHs, NO,, ethanol, and acetone
(Ayodhya and Veerabhadram, 2020). CuO is a p-type semi-
conductor that has a narrow band gap of 1.2 eV, excellent
stability, and good electrical properties (Ayodhya, 2023; Hajji
et al., 2023). It is a compelling option for selective solar ab-
sorption as it has high solar absorbency and low thermal
emittance (Sumalatha et al, 2023). These two semi-
conductors are attractive for various applications due to their
affordability, abundance, and non-toxicity.

In particular, ZnS can be applied to the fabrication of UV
light sensors and gas sensors. Over the past decade, several
ZnS nanostructure based gas sensors have been reported
including for H, sensing (Wan and Wang, 2005; Kim et al,,
2012), O, sensing (Kolmakov et al., 2005), acetone and ethanol
sensing (Park et al.,, 2013), and glutathione sensing (Wang
et al, 2023), etc. On the other hand, ZnS nanostructures-
based gas sensors have attracted less attention than metal
oxide semiconductor nanostructures-based gas sensors
(Wan and Wang, 2005; Kim et al., 2012; Kolmakov et al., 2005;
Park et al., 2013; Wang et al., 2023). Further, the various CuO
nanostructures including nanoparticles, nanorods/wires,
nanoribbons, micro-dandelions, nanoflowers, hollow
spheres, nanoplates, spindle, nanofilms, and hierarchical
nanostructures have been successfully prepared and some of
them were investigated for sensing applications (Yang et al.,
2011; Sankaran a and Kumaraguru, 2020; Krishnan et al,
2014). For example, D. Kim et al. reported the detection of
hydrogen gas by porous CuO nanowires prepared with
carbon nanotube template (Hoa et al., 2010). Leaflet-like CuO
nanosheets were found to have highly sensitive sensing to
H,S (Zhang et al., 2010). Very recently, 1. Singh et al. prepared
CuO nanocrystals with a sol-gel method and investigated
their NH; sensing performances (Bedi and Singh, 2010). Even
though, p—n heterojunction constitutes the vital part of vast
majority of electronic devices, the p-CuO/n-ZnS hetero-
junction composites have not been studied enough. Previous
works (Chabane et al., 2015; Park et al., 2016), were mainly
focused on the application of p-CuO/n-ZnS hetero-contact
for CO, H,, gas sensors or humidity sensing. However, the
efficiency of the hetero-junctions and current transport me-
chanism are limited by the inevitable presence of defects at
the interface and in volume. The level of understanding
hetero-junction behavior is far from complete.

The present work examines and comps ';':-‘3
catalytic and sensing properties of p-Gu tﬂ"a-k
junctions prepared through a simpr}" e
method. The optical, structural, and mgi:lrp
of CuO, ZnS, and p-CuO/n-ZnS h )
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analyzed using various techniques. The p-CuO/n-ZnS het-
erostructure was found to be an excellent catalyst for the
photocatalytic degradation of MB, MO, and MR dyes, owing to
the efficient transfer of electrons and the physical detach-
ment of charge carriers upon generation. Additionally, the
fluorescent sensing properties of p-CuO/n-ZnS heterojunc-
tions were evaluated for the detection of Cys and Met at nM
concentrations.

2. Experimental
2.1, Materials

Zinc acetate (Zn(CHsCOQ),.2 H,0), copper acetate (Cu
(CH3C00);.3 H,0), sodium sulfide (Na,S), sodium hydroxide
(NaOH), methylene blue, methyl orange, methyl red, and
ethanol were purchased from Sigma Aldrich chemicals,
India. The amino acids including arginine (Arg), asparagine
(Asn), aspartic acid (Asp), cysteine (Cys), glutamic acid (Glu),
glutamine (Gln), glycine (Gly), histidine (His), isoleucine (lle),
leucine (Leu), lysine (Lys), methionine (Met), phenylalanine
(Phe), proline (Pro), serine (Ser), threonine (Thr), tyrosine
(Tyr), and tryptophan (Trp) were purchased from Merck
chemicals, India. Phosphate buffered solutions (NaH,PO,-
Na,HPO,) were purchased from S D Fine chemicals, India. All
the reagents were of analytical grade (99.0%) and used
without purification. All aqueous solutions were prepared
using double distilled water.

2.2.  Synthesis of samples

2.2.1. Synthesis of ZnS NPs

The procedure for the synthesis of ZnS NPs was based on a
previous study (Ayodhya and Veerabhadram, 2019), a solu-
tion of 0.1 M zinc acetate dihydrate (25 mL) was mixed with
0.1 M sodium sulfide (25 mL) to obtain ZnS NPs. The resulting
white solid product was obtained by centrifugation, washed
with distilled water, dried at 70 °C for 24 h, and then calcined
at 550 °C for 2 h.

2.2.2. Synthesis of CuO NPs

For the synthesis of CuO NPs, a co-precipitation method was
employed, according to a previous literature (El-Trass et al,
2012). Copper acetate (25 mM) and sodium hydroxide (100 mM)
in ethanol were reacted at 70 °C for 24 h, and then calcined at
550 °C for 2 h resulting in the formation of CuO NPs.

Cu(CH;C00);-3 H,0 + 2NaOH — CuO + 2Na(CH3C00); + 4 H,0

The prepared particles were washed and centrifuged with
distilled water, absolute ethanol, and acetone in sequence to
remove the by-products and dried in air at room tem-
perature.

2.2.3. Synthesis of p-CuO/n-ZnS heterostructure

To synthesize the p-Cu0O/n-Zn$S heterostructure, 1 g of pre-
viously calcined ZnS NPs (at 400 °C for 5 h) was mixed in an
aqueous solution of copper acetate (0.2454 g, 8 mol%). The
mixture was stirred for 48 h to allow the penetration of
copper ions on the ZnS crystal matrix. The supernatant
water was evaporated by heating the mixture at 70 °C over a
time of 24 h. The resulting product was calcined at 550 °C
for2 h.

Intensity

10 20 ' BrD :D 50 60 70 80
Diffraction angle (20)

Fig. 1 - XRD patterns of the synthesized Cu0O, ZnS, and p-
CuO/n-ZnS heterostructures.

2.3. Characterizations

The surface morphology of the p-CuO/n-ZnS heterojunction
composite was examined using a Tecnai G2 transmission
electron microscope operating at an accelerating voltage of
200 kV for Transmission Electron Microscopy (TEM) analysis.
The crystal nanostructure of the heterojunction was de-
termined using X-ray diffraction (XRD, X'pert Pro) with CuKa
radiation (A = 1.540598 A) operating at 45 kV and 40 mA in the
20 range (10-80°) with a step scan of 0.02°. The optical prop-
erties of the composites were investigated using a UV-3600 PC
Shimadzu spectrophotometer. The diffuse reflectance spectra
of the samples were recorded in the wavelength range
200-800 nm using a UV-vis spectrophotometer equipped with
an integrating sphere accessory, and BaSO,; was used as a
reference. Fluorescence spectra were recorded on a Shimadzu
RF-5301PC spectrofluorometer with an excitation wavelength
of 310 nm.

2.4.  Photocatalytic activities

The photocatalytic activity of CuO, ZnS, and p-CuO/n-Zn$S
heterostructures was evaluated by measuring their ability to
degrade MB, MO, and MR dyes under visible light irradiation.
In this study, 0.02 g of photocatalyst was added to 5.2 x 10~°
M of 100 mL dye solution, which was stirred in the dark for
30 min in a photocatalytic reactor, and then exposed to ha-
logen lamps (Philips, 54 W, 145 pW/cm?). At specific time
intervals (every 5 min), the suspension was withdrawn and
centrifuged to separate the solid catalyst. The concentration
of the remaining dye solution was measured by a UV-visible
spectrometer at the absorption peak of 664 nm (MB), 461 nm
(MO), and 492 nm (MR). The degradation efficiency (%) of the
dyes at different times was calculated using the following
equation:

Degradation efficiency (%) = Co — C¢/ Co x 100

where Cp and C; are initial concentration and ren
concentration of dyes, respectively. The pseudo—ﬁgstﬁ-oﬂd’q;cf.‘ .
kinetics is widely studied to compare the ph alyti

tivity of each photocatalyst, using the follo
(C:/ Co) = = k t, wherein, the slope of a lineal
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Fig. 2 - (a-g) TEM and HRTEM images of the synthesized CuO, ZnS, and p-CuO/n-ZnS composite with diffe
magnifications, and (h) SAED pattern of p-CuO/n-ZnS heterostructure. e
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2.5.  Fluorometric detection of Cys and Met acids, the experiment employed the follo(\((in

arginine (Arg), L-asparagine monochydrate %/
In order to study the selective sensing of p-CuO/n-ZnS het- acid (Asp), L-glutamic acid (Glu), r_-glycin‘é}
erostructure to Cys and Met compared to other a-amino (His), L-isoleucine (lle), r-leucine (Leu), r-
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Fig. 3 - (a) UV-vis DRS, (b) PL spectra, and (c) Tauc plot of the synthesized Cu0, ZnS, and p-CuO/n-ZnS heterostructures.

phenylalanine (Phe), 1-proline (Pro), i-serine (Ser), L-threo-
nine (Thr), i-tryptophan (Trp), and i-tyrosine (Tyr). The
amino acids were dissolved in 100 mM sodium hydroxide
solution to prepare standard solutions, which were stored at
4 °C in the dark. Dilute solutions were prepared daily before
use. Next, the appropriate volume of amino acid solution was
mixed with p-CuO/n-ZnS heterostructure for spectral mea-
surements. To quantify the concentration of Cys and Met,
different concentrations of these amino acids were mixed
with 100 pL of 10 uM (pH = 7.4) PBS solution and 400 uL p-
CuO/n-Zn$ (15 nM) at room temperature. The PL spectra of
the p-CuO/n-ZnS solution were observed after 5 min, and the
concentration of Cys and Met was measured using a
quenching measurement analysis. All experiments were
conducted at room temperature.

2.6.  Preparation of real samples

A 1.0 mL human urine sample was obtained from healthy
adult male volunteers and processed for analysis. To remove
proteins, 1.0 mL of acetonitrile was added to the urine
sample in a centrifuge tube, followed by centrifugation at
12,000 rpm for 10 min. The resulting supernatant was filtered
through a 0.22 pm filter and dried under vacuum at 50 °C for
10 h. The dried sample was diluted to 5 mL with double
distilled water before analysis.

Human serum was collected from healthy donors of
Osmania University dispensary. A 0.5 mL sample of human
serum was placed in a centrifuge tube, and 2.0 mL of acet-
onitrile was added to precipitate proteins. The mixture was
vortex-mixed and centrifuged at 12,000 rpm for 15 min. The
resulting supernatant was transferred into a 25.0 mL volu-
metric flask and diluted to the mark with double distilled
water. For fluorometric detection, 1.3 pM Met at different
concentrations was mixed with 10 pL of either the human
urine sample or human serum sample. The resulting mixture
was added to the p-CuO/n-ZnS solution to obtain a final de-
tective volume of 2 mL.

3. Results & discussion

3.1.  Structural analysis

X-ray diffraction (XRD) analysis was employed to assess the
phase, composition, and purity of the synthesized Cu0, ZnS,
and p-CuO/n-ZnS heterostructures. The peaks observed at
20=32.4°(110),35.6° (002), 38.8° (111),48.9° (20°2),53.2°(0 2
0),58.3° (2 02), 61.6° (-1 1 3), 66.4° (—3 1 1), 67.9° (2 2 0), 73:8}
11), and 76.5° (0 0 4) and crystal planes correspor A
characteristic diffraction peaks of CuO with’ monoclinic,
phase (JCPDS No. 45-0937) and their intensities and positions
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Fig. 4 - UV-vis absorption spectra of the photocatalytic degradation of (a) MB, (b) MO, and (c) MR dyes using p-CuO/n-ZnS

heterostructures.

1), 47.6° (2 2 0), and 56.4° (3 1 1) were indexed to ZnS with
cubic zinc blend structure (JCPDS No. 05-0566) (Chen et al.,
2023a; Goudarzi et al., 2009). From Fig. 1, the XRD pattern of
p-CuO/n-ZnS composite, it is noteworthy that the char-
acteristic peak of Zn$S in p-CuO/n-ZnS is sharp and perfectly
maintains the crystalline phase structure of ZnS, while the
characteristic diffraction peak belonging to CuO also appears.
Due to the low intensity of the characteristic diffraction
peaks of CuO and the high particle dispersion and small
particle size in the complex and defects in the lattice struc-
ture; which is in agreement with a previous report (Sharma
et al,, 2017). The average grain size of the p-CuO/n-ZnS het-
erostructure was estimated at approximately 18 + 2 nm
using the Debye-Scherer equation.

3.2.  Morphological analysis

To determine the contact state of CuO with ZnS, the high-
resolution morphology image of the p-CuO/n-ZnS sample
was examined using TEM. The morphological and structural
features of Cu0, ZnS, and p-CuO/n-ZnS were observed using
TEM images, as shown in Fig. 2(a-g). The TEM images re-
vealed that the ZnS and CuO grains were closely connected,
with clear ZnS and CuO lattice fringes indicating the forma-
tion of the p-CuO/n-ZnS heterojunction. Fig. 2(g) gives the
HRTEM image of p-CuO/n-ZnS heterojunction, which clearly

shows an interface between the ZnS and CuO. The intimate
contact between the two sections is conducive to charge
transport and separation. The slightly larger o-spacing value
for the (1 1 1) plane in the ZnS than that in the CuO section is
in agreement with the composition contrast between the
CuO and ZnS. The p-CuO/n-ZnS heterostructure sample was
observed to be a spherical shape and particle size is = 15 nm.
Additionally, Fig. 2(h) showed a SAED pattern, which in-
dicated that both ZnS and CuO nanoparticles were poly-
crystalline as the reflection spots were on concentric rings.
3.3.  Optical analysis

To evaluate the optical properties of the photocatalyst, dif-
fuse reflectance spectroscopy analysis was conducted. The
UV-vis DRS spectra of Cu0, ZnS, and p-CuO/n-ZnS composite
from 250 to 750nm are presented in Fig. 3(a). All samples
show an absorption edge at around 300400 nm, but the p-
CuO/n-ZnS heterostructure exhibits stronger absorption
under visible light, indicating high utilization efficiency for
visible light. While ZnS only absorbs in the UV region and
CuO shows absorption throughout the visible region. To
calculate valence band position, the optical
determined by the following Tauc equation;
Eg), where A =constant, hv =light energy,
gap energy, and a=measured absorption
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Fig. 5 - The bar diagrams for the comparison of photocatalytic activity of Cu0, ZnS, and p-CuO/n-ZnS heterostructures for

the degradation of (a) MB, (b) MO, and (c) MR dyes.

et al,, 2011). In the Fig. 3(c), the extrapolation of the Tauc plot
on x-intercepts gives the optical band gaps of 1.81eV, 3.04 eV,
and 3.57 eV for CuOQ, p-Cu0/n-ZnS, and ZnS, respectively. The
increased utilization efficiency of visible light is an important
factor in improving the photocatalytic performance of CuO-
based materials (Yang et al, 2015), and it has been shown
that this is one of the factors that have improved the pho-
tocatalytic performance of p-CuO/n-ZnS composites.
Photoluminescence (PL) analysis is an important method
for determining the separation of electron/hole pairs and the
ability to trap charge carriers in p-CuO/n-ZnS composites
(Fig. 3(b)). The PL spectra show that the PL emission is de-
pendent on the excitation light wavelength in the range of
400-600nm. Only one strong luminescence peak at about
450nm and a shoulder peak at about 465 nm were observed
from for the CuO NPs excited by 370 nm wavelength, which is
good agreement with previous report (Zhao et al,, 2015). Yang
et al (Yang et al., 2001). has also reported that pure ZnS NPs
show the only luminescent peak at 450 nm. It was therefore
reasonable to believe that the blue light emission from the
ZnS NPs in our work could be attributed to the surface states.
However, another broad and weak luminescent peak (about
565nm) of ZnS NPs has also been observed in our work. In
addition, the remarkably quenched PL intensity of the p-
CuO/n-ZnS composite indicates a low recombination

efficiency of photogenerated electrons with holes and more
effective carrier migration and separation between ZnS and
CuO. Therefore, the p-CuO/n-ZnS composite has an excellent
photocatalytic behavior is frequently accompanied by higher
charge separation efficiency.

3.4.  Photocatalytic activity

The photocatalytic performance and recycling stability of the
synthesized CuO, ZnS, and p-CuO/n-ZnS heterostructure
were evaluated for the degradation of dyes. First, CuO and
ZnS NPs showed a similar and weak adsorption capacity.
Under visible light irradiation, only a small amount (12.2%,
10.8%, and 8.4%) of MB, MO, and MR dyes were degraded in
the absence of photocatalyst, respectively. Nevertheless, the
p-CuO/n-ZnS heterostructure could remove efficiently
(98.3%, 94.2%, and 92.8%) than the CuO NPs (72.5%, 75.8%,
and 73.5%) and ZnS NPs (76.2%, 79.1%, and 78.3%) with in
35min of irradiation, respectively as shown in Fig. 4(a-c),
Fig. 5(a-c), and Fig. 6(a-c). These results indicated that the Fr‘:-\x,\
CuO/n-ZnS heterostructure have an enormous degradi-n%":—;iﬁ\
efficiency under visible light. According to the pseudo-firs \
order rate reaction, the degradation rate constant of the p-
CuO/n-ZnS heterostructure reached maximynpE
light, which is approximately several times
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CuO/n-ZnS heterostructures.

of ZnS and CuO NPs (Fig. 7(a-c)). The detailed degradation
efficiencies and rate constants for the degradation of dyes
were summarized in Table 1. These results indicated that
CuO coupling can effectively enhance the photocatalytic ac-
tivity of ZnS under visible light. In addition, when the p-Cu0/
n-Zn$ heterostructures are formed, photogenerated e in the
conduction band are easily transferred from CuO to ZnS and
parts of h* in the valence band are transferred in an opposite
direction, which is beneficial for separating photogenerated
electron holes to enhance the photocatalytic activity. Fig. 8
shows the recycling ability of p-CuO/n-ZnS heterostructure
under visible light for the degradation of MB, MO, and MR
dyes. As the number of cycles increases, the time complete
degradation is unchanged, which reveals that the p-CuO/n-
ZnS heterostructure have prominent photocatalytic stability.

3.5.  Detection of active species in the degradation of dyes

To investigate the effect of different active species in the
photocatalytic reaction, a series of quenchers were used to
scavenge the relevant active species in a manner that mimics
the photocatalytic activity test (Yendrapati Taraka et al.,
2019). The impact of the "OH radical, *~0,, 0,, and h* were
examined by adding 1.0 mM of benzoquinone (BQ), which is a
quencher of “~0,, 1.0mM of isopropanol (IPA), which is a
quencher of *OH, 1.0 mM of ammonium oxalate (AO), which

is a quencher of h*, and 1.0 mM of sodium azide (SA), which
is a quencher of '0,. As shown in Fig. 9, the degradation ef-
ficiency of BQ quenching decreased more than that of IPA
and AO, but the addition of SA did not affect the photo-
catalytic degradation of MB, MO, and MR dyes. Therefore, the
quenching effect caused by various scavengers indicated that
the reactive *~0O, played a crucial role, whereas the “OH and
h* played minor roles in the degradation of MB, MO, and
MR dyes.

3.6.  Photocatalytic degradation mechanism

Despite the experimental efforts to investigate the electronic
structure of p-CuO/n-ZnS heterostructure, we were focused
on the description of the electronic aspects associated with
the electronic excitation which generates the electron-hole
pair responsible for the photocatalytic properties. The pro-
posed degradation mechanism for the degradation of dyes
using p-CuO/n-ZnS heterostructure was accurately shown in
Fig. 10. From Fig. 10, the energy required for excitation of the
electron from valence to conduction band is much
CuO. One of the main factors which determifie

catalytic efficiency of semiconductor mateg
the recombination of photogenerated paifg
process, so that they act to produce sp
dative capacity of organic molecules.
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Fig. 7 - The kinetic plots for the photocatalytic degradation of (a) MB, (b) MO, and (c) MR dyes using CuO, ZnS, and p-CuO/n-

ZnS heterostructures.

enables a favored recombination for the photogenerated e/
h* pairs during the catalytic process, while ZnS has a higher
energy barrier. On the other hand, the formation of the Cu0/
ZnS heterostructure acts with CuO (p-type) capturing the
solar radiation and its excited electrons migrate to the ZnS
(n-type) conduction band, performing reduction reactions
and generating superoxide species (Paul et al., 2018). More-
over, the electron transfer from CuO conduction band to the
ZnS valence band is difficult, allowing the holes present in it
to act in generating oxidation reactions, which in turn pro-
mote the formation of *OH and H,0, species with high de-
gradation capacity of pollutants (Yendrapati Taraka et al.,
2019; Paul et al., 2018; Ayodhya, 2022).

3.7.  Detection of thiol-containing amino acids

In the fluorescence detection of amino acids, along with the
sensitivity requirement, high specificity and selectivity is
crucial in most scenarios especially in real sample detec-
tions. To evaluate the selectivity of the fluorescence sensor of
P-CuO/n-ZnS heterostructure, we measured the fluorescence
intensity changes in the presence of the representative
amino acids at different concentrations under the analogous
conditions. Remarkably, among these tested amino acids
(Arg, Asn, Asp, Cys, Glu, Gln, Gly, His, Ile, Leu, Lys, Met, Phe,
Pro, Ser, Thr, Tyr, and Trp), only Cys and Met have a

significant effect on the fluorescence intensity of the p-Cu0/
n-ZnS (Fig. 11(a and d)). Thus, the p-CuO/n-ZnS hetero-
structure-based sensor shows good selectivity for Cys and
Met over other amino acids.

To assess the sensitivity of the p-CuO/n-ZnS hetero-
structure for detecting Cys and Met using fluorescence, we
monitored the changes in fluorescence intensity at 560 nm as
a function of the concentrations of Cys and Met, as shown in
Fig. 11(b-c and e), respectively. The fluorescence emission of
the p-CuO/n-ZnS heterostructure at 560nm exhibited
varying responses at different concentration ranges of Cys
and Met. As depicted in Fig. 11(b-c), the fluorescence emis-
sion of the p-CuO/n-Zn$ heterostructure at 560 nm was sig-
nificantly quenched at Cys and Met concentrations ranging
from 1 to 100 pM.

3.8.  Possible mechanism for the fluorescence detection of
Cys and Met -

quenching and dynamic quenching. The dyna
can be described by Stern-Volmer's equa
2023):

Fo/F=1+Ksv|[Q],
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Table 1 - The photocatalytic parameters such as
degradation efficiency and rate constants with

correlation factor for the photocatalytic degradation of
ME, MO, and MR dyes using Cu0, ZnS, and p-Cu0/n-ZnS
heterostructures.

Dye Catalysts

Degradation  Rate

efficiency (%) constant life

(min™?) time

(min)
MB  No catalyst 12.2 0.0132 525 0.98
Cu0 725 0.1478 4.68 0.98
ZnS 76.2 0.1586 4.37 0.99
P-CuO/n-ZnS 983 0.3685 1.88 0.98
MO  No catalyst 10.8 0.0128 54.1 0.97
Cu0 75.8 0.1452 4.77 0.97
Zns 79.1 0.1763 3.93 0.99
P-CuO/n-ZnS 94.2 0.3125 2.22 0.98
MR  No catalyst 8.4 0.0101 68.6 0.98
Cu0 735 0.1511 4.58 0.98
Zns 78.3 0.1620 4.27 0.97
P-CuO/n-ZnS 92.8 0.3012 230 0.99

—s—MB

AlA,

T

70 165 1;0 1'}5
Time (min.)

Fig. 8 - Stability and recyclability of p-CuO/n-Zns
heterostructure catalyst for the photocatalytic degradation
of MB, MO, and MR dyes.

where Fo and F are the fluorescence intensities of the p-Cu0/
n-Zns heterostructure in the absence and in the presence of
a quencher, respectively, [Q] is the concentration of the
quencher (Cys and Met), and Ksv is the dynamic quenching
constant. These results may imply the formation of a non-
fluorescence ground state complex between the surface of p-
CuO/n-ZnS heterostructure and Cys as well as Met. However,
we investigate the emission spectra of p-CuO/n-ZnS hetero-
structure in the presence of varying Cys and Met con-
centrations to probe the fluorescence quenching mechanism
of Cys and Met (Fig. 11(f)). As shown in Fig. 11(f), the ab-
sorption band of p-CuO/n-ZnS heterostructure is changed
greatly in the presence of Cys and Met. With increasing the
concentration of Cys and Met, the fluorescence emission at
560 nm is decreased gradually, accompanied with an obvious
red shift of the absorption peak. Considering the existence of
thiol group in Cys and Met; and the observed changes in both
absorption and emission spectra of p-CuO/n-ZnS hetero-
structure. Therefore, we propose that the added Cys and Met
interacted directly with p-CuO/n-ZnS heterostructure
through the strong thiol-heterostructure interaction.
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Fig. 9 - Effects of different scavengers on the degradation of
MB, MO, and MR dyes in presence of p-CuO/n-ZnS
composite.
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Fig. 10 - Proposed schematic band edge alignment of the p-
CuO/n-ZnS heterostructure for the photodegradation of
dyes under visible light radiation.

3.9.  Real sample analysis

To demonstrate the practicality of the sensor for real sample
analysis, it was tested for the determination of Met in human
serum and urine samples. Healthy donor human serum was
obtained from Osmania University dispensary, while-huma

urine samples were collected from healthy g i
lunteers. The experimental results confirme
of Met in both samples. The reliability of
evaluated by applying the standard addi

3. Satisfactory recoveries were achieved in boty.x8al'samples
‘“m .

with the recoveries ranging from 90% to 101 ad ' tHe ze

lative standard deviations below 5% (n=3). These results




102 CHEMICAL ENGINEERING RESEARCH AND DESIGN 198 (2023) 92-104

(a)
2
§
o
o
480 510 540 570 600 630 660 480 510 540 670 600 630 660
Wavelength (nm) Wavelength (nm)
800
(o) 1 (d)
250 700 4 ‘\(
2 200+ 600 - A \
£ z
g 150 E 500,
g 1004 E
& 400
50 4
300 -
0 e
‘h 'io m 51'0 ﬁ n'cm m T T T T L] T T T \|\‘—;_/l‘ T L T T T T T
Wavelength (nm) FFEOFRE P PR L O F et
fo): ™"
250 -
200 -
oy
|
o
& 100
50 -

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Concentration (uM) Concentration (uM)

Fig. 11 - (a, d) The fluorescence detection of various thiol-containing amino acids using the synthesized p-CuO/n-ZnS
heterostructure and selective sensing of (b, ) Cys and (c, €) Met from the concentration of 10-100 pM, and (f) Stern-
Volmer plot.




CHEMICAL ENGINEERING RESEARCH AND DESIGN 198 (2023) 92-104 103

Table 2 - Determination of Cys in human serum and
urine.

S.No Sample Concentration of Cys (pM)
Spiked Found Recovery (%) RSD (%)
(n=3)
1 Serum  1.00 0.98 92.6 0.82
2 2.00 1.53 90.2 0.76
3 Urine 5.00 4.26 101.1 041
4 10.00 7.69 97.3 1.01

Table 3 - Determination of Met in human serum and
urine.

S.No Sample Concentration of Met (uM)
Spiked Found Recovery (%) RSD (%)
(n=3)
1 Serum 1.00 0.95 90.5 0.72
2 2.00 1.38 91.6 0.63
3 Urine 5.00 411 100.3 0.38
4 10.00 7.28 98.5 0.94

demonstrate the dependability of the assay and its potential
application for quantifying Met in aqueous solutions.

4, Conclusions

In this study, CuO, ZnS, and p-Cu0/n-ZnS heterostructures
were synthesized using a simple co-precipitation method,
and their structure, electronic, morphological, photo-
catalytic, and sensing properties were characterized using
various experimental and theoretical methods. XRD analysis
was revealed the formation of a mixed crystalline phase of
CuO and ZnS phases in the p-CuO/n-ZnS heterostructure.
From the TEM analysis, the synthesized composites have
spherical morphology for CuO, ZnS, and p-CuO/n-ZnS het-
erostructures with an average particle size is 12 + 3 nm with
a clear formation of heterojunction between CuQ and ZnS.
The visible-light-driven photocatalytic measurements were
studied for the degradation of dyes (MB, MO, and MR), which
is indicate that CuO, as a p-type and narrow band-gap sen-
sitizer, can make the n-type ZnS respond to visible light and
promote the separation of photogenerated charge carriers by
building a p-CuO/n-ZnS heterostructure. The p-CuO/n-ZnS
heterostructure exhibited excellent visible-light-driven pho-
tocatalytic activity for the degradation of dyes (MB, MO, and
MR), with maximum degradation observed and *~0, identi-
fied as the main active species in the degradation process.
The fluorescence sensing activity of the p-CuO/n-ZnS het-
erostructure was selectively quenched in the presence of Cys
and Met with a detection limit of 2.52 uM (Cys) and 5.14 pM
(Met), respectively. The p-CuO/n-ZnS heterostructure also
demonstrated good selectivity for Cys and Met over other
amino acids under identical reaction conditions. Moreover,
the long-wavelength emission of the p-CuO/n-ZnS hetero-
structure made it suitable for monitoring Met in human
serum and urine samples.
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Abstract:

The paper's main objective is financial distress analysis in
the cement industry in India, to fulfill the objective of this
paper to collect the data from 2019 to 2023 and select 14
cement companies that were listed in NSE. Selected
Springate Model, Z Score Model, and Grover Model to
achieve the objective of this paper. The result states that
Shree Cement Company, ACC, and Star Cement Company
have Grey Zone and the remaining selected cement
companies are bankrupt as per Altman Z Score, according
to Grover score all selected cement companies have not
bankrupt and the Spring Model implies Dalmia Cement
Company have non-bankrupt and rest of the cement
companies have bankrupt. The percentage of accuracy of
the Z score is (21.43), the Grover score is (100) and the
Spring score is (7.14) and the error percentage of the Z
score is 78.57, the Grover score is 0.00 and the Spring score
is 92.86.

Key Words: Altman Z Score, Grover Score, Spring Score,
and Normality Test.

Introduction
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Cement is the most important raw material in the field of
construction, it plays an important role in the improvement of
the country's infrastructure. China produces the most
percentage of cement in the world, it occupies the first
position in the world.India was the world's second-largest
producer of cement. In February 2023 it increased cement
production by 7.3% compared to February 2022.

Any business's main motive is to get maximum profit with
minimum cost, the organization must have secure financial
stability and utilize all financial, physical, and human
resources properly. With the help of financial statements, the
company’s financial strength condition, and performance. The
depth of financial study may provide insight into the
company’s prospects for success or failure. The different parts
of financial statement evaluation mainly serveto enable the
accomplishment of the company’s goals.

There are many techniques to assess an organization's
financial strength, such as the Altman Z Score, Grover Score,
and Spring. These models aim to predict the probability that
manufacturing companies might file for bankruptcy.

Literature Review

(Mustofa & Fahad Noor, 2020)This focused on solvency and
financial distress prediction of Non — Banking Financial
Institutions (NBFIs), by using the Fulmer H Score and
Springate Z score model. The sample size is 20 Non-Banking
Financial Institutions from the Dhaka Stock Exchange.
According to the Springate Model, all samples of NBFIs were
in financial distress, and as per the Fulmer H Score Model, a
few sample NBFIs were in risky zones. It suggested that the
Fulmer H Score model is more appropriate than the Springate
Z Score model for predicting solvency. The limitation of the
study was information not available for all listed NBFI at the
Dhaka Stock Exchange.

(Nurasik et al., 2023)The topic is Financial Distress Prediction
Models: Altman Z-Score Approach” In this topic they
concentrated on the prediction of financial distress by
applying the Altman Z Score model in Plastic and Packaging
Companies. They selected nine manufacturing companies
from the listed Indonesia Stock Exchange in packaging and
plastic. Based on the result of this study, demonstrated that
while some of the selected companies had consistently
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endured the financial crisis in the plastics industry, not all of
them were in good health.

(Dwi Wahyuni, 2021)In this study, return on assets showed a
positive and significant effect on financial distress, the other
variables like institutional ownership variables, independent
commissioners, board of directors, and leverage had an
influence but not significantly on financial distress. Selected a
sample of real estate and property sector companies in 2018-
19. The researcher selected independent variables
(institutional ownership, independent commissioners,
number of board of directors) and the dependent variable
financial distress for testing the hypothesis in this research.

(Arora & lJiyani, 2022)their study selected Grover’s model and
Springate's model to guess financial distress and compare
between two models which are accurate. All selected sample
NBFCs were financially distressed based on the result of the
Springate model and inconsistent results given by Grover’s
model. In between the two models Springate model is more
efficient for forecasting financial health.

(Dalvadi & Pandit, 2018)They selected eight public sector
enterprises to analyze the financial distress with the help of
the Springate model. Four selected public sector companies
were in financially worst condition and the rest of the public
sector companies were financially healthy.

(Seto, 2022)in his study researcher selected prediction models
namely Altman, Springate, Grover, Ohlson, and Zmijweski to
study PT. Garuda Indonesia's financial difficulties. The study
showed PT. Garuda Indonesia Thk is in a condition of financial
distress or declares bankruptcy between 2018 and 2021.

(Fedorova et al., 2016)in their study they suggested based on
the study selected Altman, Fulmer, Springate,
TafflerZmijewski, Saifullin, ISEA, and Zaitseva models for
current financial analysis, forecasting financial distress and
adoption of efficiency management decisions.

(Dwiningsih et al., 2023)in their study applied the Altman,
Springate, and Zmijewski model to predict the financial
distress of Bhutan Telecom Limited. The study confirms that

Bhutan Telecom Limit ncially healthy during the

study period.
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(Muzanni & Yuliana, 2021)in this study, researchers selected
Descriptive Statistical Analysis, Paired Sample T-Test,
Normality Test, Accuracy Test of methods, and Springate and
Altman Models to predict the financial distress of PT Eagle
MahkotaTbk. In their investigation, the researchers
discovered that the Altman model has an error type of 0%
and an accuracy rate of 100%, whereas the Springate model
has a type error of 33% and an accuracy rate of 67%.

(Sudjiman & Sudjiman, 2019)This study's primary goal is to
determine the bankruptcy status of cement businesses listed
in Bangladesh. The bankruptcy position was analyzed using
the Altman Z score methodology. Out of the selected 8
cement companies, 2 companies were secure regions, 3
companies were grey regions and 3 companies were
bankruptcy regions, and positive correlation between 5
independent variables and the dependent variable.

(Yendrawati & Adiwafi, 2020)in their study, the main aim is
the accuracy level of financial distress in Altman, Sprinagte,
and Zmijewski in the property, building construction, and real
estate sectors. The highest accuracy is Altman followed by
Zmijewski and Springate models in predicting financial
distress of building construction, property, and real estate
sectors.

(Ispanggara, 2020)in this study, 152 debtors were analyzed in
the category of small and medium enterprises to determine
business trends from before the COVID-19 pandemic and
during the COVID-19 pandemic by using Altman, Sprigate,
Zmijewski, and Grover models. The result indicates down
downward trend in business conditions during the COVID-19
pandemic and indicates financial distress condition.

Research Gap
Once critically analyzed the above review of literature, it is
said that not much study has been done to predict financial
trouble for cement companies in India using the Altman,
Springate, Zmijewski, and Grover model. Hence, the
researcher attempts to analyze the financial distress by using
Grover, Altman, Zmijewski, and Springate model for
registered cement companies i ia_during the period of
2016-17 to 2021-22.
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Objective of the study

The primary goal of the research is to use prediction models
to analyze the financial difficulties of a subset of Indian
cement companies.

Hypothesis

HO1: There is no significant difference between sample data
of Z Score and normally distributed data

HO2: There is no significant difference between the sample
data of Grover Score and normal distribution data.

HO3:

There is no significant difference between the sample data of
Spring Score and normal distribution data.

Research Methodology

The secondary data used in this research study was collected
from the annual reports of the selected cement businesses.
The researcher has selected fourteen listed top cement
companies out of 37 listed cement companies from the
National Stock Exchange (NSE). Out of these selected top
listed cement companies from NSE.

Ultra Tech Cement
Ambuja Cements
Shree cements
Dalmia Cement
ACC

J. K. Cement
Ramco Cement
JK Lakshmi Cem
India Cement
Star Cement

. Heidelberg Cem

. Orient Cement

. Sagar Cement
Sanghi Cement

0 po IO O g D

e T
A W N RO

Altman Z-Score Model:
In 1968, Altman became the first researcher to apply the
Multiple Discriminant Analysis method. Altman provides the
resultant technique well-known as the Altman Z-Score. This
method classified the possibility of distress, grey areas, and
health for the company.

The Z score formula is as follows:

Z=12A+14B+33C+

302



Journal of Namibian Studies, 36 S1 (2023): 298-311  ISSN: 2197-5523 (online)

Where:

A = Working Capital / Total Assets

B = Retained Earnings / Total Assets

C = EBIT / Total Assets

D = Market Value of Equity / Total Liabilities

E = Sales / Total Assets

Altman Z Score below 1.81 specifies a distress zone — a high
likelihood of bankruptcy, between 1.81 and 2.99 signals a
grey zone-moderate risk of bankruptcy and more than 2.99
implies a safe zone-low likelihood of bankruptcy.

Grover Score Model:

It is a model formed by redesigning the model of the Altman Z
Score. It took A and C of the Altman model and added
Profitability Ratio which is ROA.

G =1.650A + 3.404B - 0.016C + 0.057

Where:

A + Working Capital / Total Assets

B = EBIT / Total Assets

C = Net Income / Total Assets (ROA)

G Score is less than or equal to -0.02 indicates bankrupt and
greater than 0.01 signs not bankrupt.

Springate Model:

It is a type of multiple discriminant analysis that was created
in 1978 at Simon Fraser University by Gordon L V. Springate. It
uses 19 financial ratios to predict the soundness of a
corporation with an accuracy rate of 92.5 percent.
S=1.03A+3.07B +0.66C +0.4D

Where:

A = Working Capital / Total Assets

B = Net Profit before Interest and Taxes / Total Assets

C = Net Profit before Taxes / Current Liabilities

D = Sales / Total Assets

A Springate Score is less than 0.862 indicates bankrupt and
more than 0.862 signs not bankrupt.

Table No 1 Model of Altman Z Score

Co 2019 | 2020 | 2021 | 2022 | 2023 | Avera | Result

Nam ge

o

Ultra [0.99 | 1.22 | 131 |1.43 |1.41 |1.277 | Bankr
70 56 66 60 28 6 upt

Amb | 1.33 [1.31 |1.44 |1.45 |1.56 | 1.423 | Bankr

uja 42 80 72 76 19 8 upt
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Shree | 1.60 | 2.65 | 1.85 |2.13 | 2.04 | 2.058 | Grey
58 47 21 46 56 6 Zone
Dalmi | 1.24 | 0.81 | 0.67 | 0.73 | 1.51 | 0.998 | Bankr
a 81 85 55 74 47 8 upt
ACC 159 | 198 |1.80 |191 | 1.89 | 1.837 | Grey
11 99 43 03 25 6 Zone
JK 132 |1.34 | 152 | 145 |1.45 |1.420 | Bankr
01 01 91 93 15 0 upt
Ramc | 1.23 | 1.06 |1.07 | 0.95 | 0.87 | 1.040 | Bankr
o 43 73 62 11 57 9 upt
JKL 1.06 | 1.37 |1.65 |1.93 |1.98 | 1.603 | Bankr
87 00 94 45 32 2 upt
India | 0.77 | 0.61 | 0.73 (066 |- 0.478 | Bankr
41 49 69 67 039 |5 upt
97
Star 2.73 | 250 |1.98 |2.18 |2.24 | 2.330 | Grey
23 41 60 48 68 8 Zone
Heild | 1.55 | 1.69 | 1.68 | 1.78 | 1.49 | 1.643 | Bankr
el 65 26 45 27 89 0 upt
Orien | 1.15 | 1.25 | 2.55 | 1.89 | 1.56 | 1.685 | Bankr
t 28 58 34 50 79 0 upt
Sagar | 1.01 | 0.92 | 1.57 | 0.77 | 1.22 | 1.102 | Bankr
83 59 11 53 11 3 upt
Sang | 0.82 | 0.60 | 0.69 | 0.57 | 0.03 | 0.548 | Bankr
hi 95 55 55 25 66 0 upt

Compiled from Annual Reports of Selected Cement
Companies in India

Table No. 1 implies the Altman Z Score model of elected
cement companies in India during the study period from 2019
to 2023. Shree Cement Company (2.0586), ACC (1.8376), and
Star Cement Company (2.3308) have more than 1.81 and less
than 2.99 so, these companies have grey zone area and the
remaining selected cement companies' average Z Score is less
than 1.81 Hence, they have bankrupt during the study period.

Table No 2 Grover Score Model

Co 2019 | 2020 | 2021 | 2022 | 2023 | Avera | Result
Nam ge 5
e

Ultra | 0.18 | 0.31 | 0.46 | 0.40 | 0.33 | 0.338 | Non
37 39 00 18 24 4 Bankr
upt

Amb | 0.44 |0.37 |0.47 Non
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uja 85 09 49 95 67 1 Bankr
upt

Shree | 0.50 | 0.64 |[0.80 [0.70 | 0.35 | 0.602 | Non
86 65 21 23 23 4 Bankr

upt

Dalmi | 0.25 | 0.27 | 0.15 | 0.16 | 0.17 | 0.204 | Non
a 42 78 23 47 23 3 Bankr
upt

ACC 0.28 | 0.72 | 0.69 [0.79 | 0.49 | 0.596 | Non
05 49 32 15 15 3 Bankr

upt

JK 0.39 (0.44 |0.64 |0.45 |0.38 | 0.466 | Non
69 28 93 24 83 0 Bankr

upt

Ramc | 0.21 [ 0.19 | 0.25 | 0.12 | 0.02 | 0.165 | Non
o] 94 28 72 93 93 6 Bankr
upt

JKL - 0.23 | 0.41 |0.58 |0.53 | 0.354 | Non
0.00 | 60 93 00 91 6 Bankr

12 upt

India | 0.04 |- 0.02 | 0.02 |- 0.006 | Non
13 0.05 | 28 95 0.00 |2 Bankr

82 44 upt

Star 1.23 | 1.00 | 0.77 | 0.67 |0.56 | 0.850 | Non
56 52 29 22 39 0 Bankr

upt

Heild | 0.47 | 059 | 0.56 | 0.66 | 0.39 | 0.538 | Non
el 11 66 85 22 24 2 Bankr
upt

Orien | 0.11 | 0.21 | 0.46 | 0.42 | 0.20 | 0.284 | Non
t 42 85 02 52 63 9 Bankr
upt

Sagar | 0.10 | 0.08 | 0.52 |0.21 |0.14 | 0.209 | Non
18 44 55 55 77 6 Bankr

upt

Sang | 0.15 | 0.06 | 0.12 |0.00 | 0.30 | 0.131 | Non
hi 07 05 51 98 89 0 Bankr
upt

Compiled from Annual Reports of Selected Cement
Companies in India

Table No 2 implies the Grover Score Model of selected

companies of cement during the_period of study. All selected
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cement companies' average Grover Score is more than 0.01.
Therefore, all companies non-bankrupt in the study period.

Table No 3 Spring Score Model

Co 2019 | 2020 | 2021 | 2022 | 2023 | Avera | Result
Nam ge s
e
Ultra | 0.62 |0.59 | 0.71 |1.02 |0.65 | 0.724 | Bankr
97 40 34 91 62 5 upt
Amb | 0.43 |0.53 |0.53 |0.37 |0.50 | 0.475 | Bankr
uja 80 13 21 73 00 4 upt
Shree | 0.63 | 051 |0.86 | 0.64 | 0.23 | 0.577 | Bankr
40 46 07 29 63 7 upt
Dalmi | 1.50 | 4.25 | 0.14 | 7.75 | 6.61 | 4.053 | Non
a 63 00 05 86 29 7 Bankr
upt
ACC |0.31 |0.43 |0.38 |0.42 |0.23 | 0.361 | Bankr
82 36 920 61 87 2 upt
JK 0.32 | 051 |0.67 |0.46 |0.35 | 0.467 | Bankr
96 25 19 97 38 5 upt
Ramc | 0.34 | 0.33 |0.47 | 028 |0.15 | 0.318 | Bankr
o 44 31 14 83 36 2 upt
JKL 0.14 | 0.33 | 0.41 | 046 |0.36 | 0.344 | Bankr
29 09 94 75 31 8 upt
India |0.03 |0.01 |0.12 |0.02 |0.21 |0.081 | Bankr
85 11 72 01 16 7 upt
Star 1.14 | 1.02 | 054 |0.45 |0.54 | 0.742 | Bankr
83 17 83 06 55 9 upt
Heild | 0.37 | 0.42 | 0.42 | 0.40 | 0.15 | 0.357 | Bankr
el 40 84 61 05 97 7 upt
Orien | 0.14 | 0.28 | 0.68 | 0.60 | 0.23 | 0.340 | Bankr
t 73 45 92 05 88 9 upt
Sagar | 0.10 | 0.11 | 0.56 |0.25 |0.11 | 0.230 Bankr
05 96 32 71 12 3 upt
Sang |0.09 |0.09 |0.17 |0.07 |0.49 |0.186 | Bankr
hi 58 14 67 19 56 3 upt

Compiled from Annual Reports of Selected Cement
Companies in India

Table No. 3 depicts the spring model of selected Indian
cement companies during the study period. Dalmia Cement
Company's average Spring Score is more than 0.862. So, the
company was not bankrupt in the period of study. The rest of

306




Journal of Namibian Studies, 36 51 (2023): 298-311 ISSN: 2197-5523 (online)

the selected cement companies are bankrupt because the
average Spring Score is less than 0.862.

Table No 4 Descriptive Statistics

Values Models
Z-Score Grover-Score | Springate-
Score
Mean 1.3892 0.3737 0.6617
Median 1.4219 0.3465 0.3595
Variance 0.280 0.052 0.988
Std. 0.52923 0.22852 0.99414
Deviation
Minimum 0.48 0.01 0.08
Maximum 2.33 0.85 4,05
Range 1.85 0.84 3.97
Std. Error 0.14144 0.06107 0.26570

Source: Computed Value

Table No 4 depicts descriptive statistics of prediction financial
distress models viz., Z-Score, Grover-Score, and Springate-
Score Models. Z Score of mean and median is more than the
mean and median of Grover and Springate. The variance and
standard deviation of Springate are more than that of the Z
Score and Grover Score. The minimum Z Score is the highest
value compared to Grover and Springate, and the maximum
value of Springate is the highest compared to other models.
The range and Standard Error value of Springate are more
than the Z Score and Grover Score values.

Table No 5 Normality Test

Model Kolmogorov-Smirnov? | Shapiro - Wilk
Statisti | df | Sig. Statisti | df | Sig
c c
Z Score 0.095 1 |0.200° | 0.978 1 |0.96
4 4 |2
Grove Score 0.121 1 |0.200 | 0.974 1 |0.92
4 |* 4 |5
SpringateScor | 0.396 1 |0.000 |0.473 1 |0.00
e 4 4 10

e Thisis a lower bound of the true significance.
a. Lilliefors Significant Correction

Table No 5 implies the normality test of Z score, Grover score,
and Spring score significant value of Kolmogorov and Shapiro.
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The null hypotheses HO1 and HO2 were accepted due to the
significant value of the Grover score and Z score being more
than 0.05%. The null hypothesis HO3 is rejected as the Spring
score significant value is less than 0.05%.

Table No 6 Results of Potential Bankruptcy of Fear Level
Prediction

Prediction Methods
Z - Score Grover — | Springate -
Score Score
Bankrupt 11 0 13
Grey 3 0 0
Non Bankrupt | 0 14 1
Total Samples | 14 14 14
% Accuracy 21.43 100 7.14
% Error Type 78.57 0 92.86

Source: Processing of Data Outcome

The Altman Z-Score model implies that 11 businesses have
the potential to file for bankruptcy, 3 have a gray area, and no
business has ever filed for bankruptcy. The model of Altman
Z-Score has an accuracy rate of 21.43% with an error type of
78.57%. Grover Score forecasts 14 firms that have no
bankruptcy, with an accuracy rate of 100%. As per Springate
Score, 13 companies were bankrupt and one company was
nonbankrupt. The accuracy rate of 7.14% and the error type
of 92.86%.

Conclusion
Based on the study of financial distress analysis by using a
model of Altman Z score, Grover score, and Spring score
model from 2019 to 2023. Z Score model predicts 3
companies as grey zone and 11 companies as bankrupt
companies, with an accuracy rate of 21.43% with a 78.57%
error type, as per the Grover score model 14 companies are
nonbankrupt, rate of accuracy of 100% with an error type of
0% and Spring score model states one company nonbankrupt
and 13 companies were bankrupt precision rate of 7.14% and
type of error 92.86%. Based on the conclusion this study can
imply that investors are owners of the capital can know the
signals of company failure or not, creditors are lenders of the
company can know the health condition of the company and
management can take necessary steps to overcome the risk
of bankruptcy.
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Abstract-

“Her presence was slight, and went unnoticed. But when illness or indisposition kept her away, she was seen everywhere; in the dirty

cups and saucers, upon the dusty furniture, in the sheets of unmade beds.” (Mistry 64)

The above statement tells about the toil of a housemaid in a family. Her sense of sacrifice and suffering for the welfare of the
family deserves all appreciation and her role is pivotal. But she remains a victim of age-old subjugation. The writers of the South Asian
fiction probe the different aspects of domestic servants. The problems that confront middle class family servants are illiteracy,
protectorate, obligation, rapport and aging. Like other Asian writers Thrity Umrigar also touc*hes the issues of domestic servants in
her second novel The Space Between Us (2006). It is about the relationship between employer and servant. In her debut novel, Bombay
Time (2001) she focuses on the Parsi Indian middle-class families within an apartment, where all the residents are Parsis and their
disparate memories, experiences of disappointments, shattered dreams, betrayals, pangs of separation by death and regret due to wrong
decisions. Brad Watson, author of The Heaven of Mercury, reviewed and labeled her work as ‘bitter sweet novel’. Whereas in this

novel The Space Between Us, she shifts her focus on gender, class and how they play a dominant role between the lives of two women.

Index Terms- Class Consciousness, domestic servants, illiteracy, shattered dreams and betrayals.
INTODUCTION

The novel The Space Between Us is about the relationship between two women, in fact it is a relationship between an employer and a
maid whose intimacy gradually increased and ran smoothly for some time until these women have recognized their status. The most
important factor which portrays a woman’s destiny, her survival and her fate is clearly portrayed by the author. In a conversation with
Thrity Umrigar in the Post Script of the novel, she stated that “it is impossible to have two human beings work and live in a contained

domestic space all day long and not form some kind of a bond or human connection” (P.S. 7).

The two protagonists of this novel Sera Dubash, a Parsi woman of upper middle class family and Bhima the domestic servant
of Dubash family, who has been working for decades. The novel is author’s mouth piece, powerful, creative and evocative. Umrigar
portraying the pain, pleasure, suffering, memories of flashback and the bond between these two women. Both belong to different
classes. Their class division is dependent upon certain modes of lifestyle, attitude and behaviour. There are different ways of
marginalization in which Sera and Bhima are treated in their respective classes. They have few choices in their individual roles and are
entrapped in the inescapable cage of the “woman-wife-mather.” In their journey of life, both Sera and Bhima follow the particular class
pattern where power and wealth play a significant role and the family honour and welfare are the primary concern. This class division

never allows them to cross their boundaries and they remain trapped in the clutches of traditions and manners of their familial position.

These two women, Bhima and Sera experience similar situations in their lives; death, abuse or absence of husband enduring
shame and disappointment, their love for their children and hope for their future. The only element that separate them is class. The two

women pull on at opposite ends at the socio-economic spectrum of Bombay city.

in her book Women on the Move asserts;
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“Her self-choice marriage is expected to provide opportunities for intellectual growth, intimacy in relationship, a sense of

companionship and opportunity for self-expressions™ (Sengupta 23).

Sera is portrayed as an acquiescent character, who never raised her voice against her husband. A modern and well educated
Sera learnt to obey and compromise to all hurdles in her life. Gradually. she understands her place in Feroz’s home as that of an *unpaid
servant.” She compromises with and adjusts to her marginalized status in the home. The repeated abuse that Sera has suffered in love
makes her so vulnerable that she feels empty as a woman. The emptiness of Sera’s marital relation makes her crave for motherhood.
Motherhood offers familial and social compensation to Sera. Dinaz’s birth not only gives her a chance to experience the joy of childbirth

and nurture but it also furnishes her with a sense of accomplishment and belonging that is observed by Nancy Friday;
“When one woman gives birth to another, to someone like her, they are linked together for life in a special way”. (Friday 39)

Sera’s misery is distinctly witnessed by Bhima, the maid of Dubash family, who lives in the slum of Mumbai. She uses some
natural herbs to heal the stain of Feroz’s violation. “Sera remembers the blow and the balm; the tormentor and the healer: Feroz and
Bhima™. The way he acts with his wife depends on his mother. Banu, who is interloper of Sera’s life. Her action is like a spy or an
informer. She always has a lidless eye on her daughter-in-law’s every movement in the house and tells Feroz every day when he returns

from office. The only bliss Sera has in her life is her daughter Dinaz. She always thinks about her daughter that;

“She is the only bright spot in my life anymore, she thought.......... The rest of them- Feroz and his mother- they have ruined her life.”
(184)

The only person in Sera’s life, who knew that her husband’s abuses occasionally flew like ‘black vultures’ over the desert of her
body is her maid, friend and well-wisher Bhima. She knew more about the strangeness of her marriage than any family member of

friends. Though she is illiterate and servant, she advises Sera about Feroz’s cruelty.

Bhima, a sixty-five years old, a slum dweller, who is wrinkled and scooped out, a sign of her abject poverty, who is illiterate
and stoic, a sign of the sub-culture of poverty she was born into, and who struggles to live with the company of Maya, her orphaned

granddaughter, in a mud-floored squalid slum by working as a housemaid for Sera on a daily routine.

Bhima is an illiterate and stoic became a sign of wretched poverty. There is no scale for Bhima’s pain, there is no hope for
Maya’s future, and their lives are deceived, subjugated, exploited, oppressed and blamed. Bhima and Maya live in a mud floored
squalid slum, her routine job starts every morning leaving her small shanty in the ghetto to tend Sera Dubash’s home. The novel is set
on a passive height. Bhima whose story begins and ends in the novel, is a spokesperson of that wide support system of workers without
whom most middle class households of India would collapse; individuals who touched upon the lives of their privileged employers

intimately but themselves remain peripheral and insignificant entities in any deeper and meaningful sense in those lives,

Bhima is also proud mother of two children, Amit and Pooja. All is well till her husband is maimed in an industrial accident
and the factory administration refuses to own responsibility for the accident and pay compensation. The accountant of the factory visits
their home and takes Bhima’s signature on a blank paper, which later used to deny any benefits to Gopal. The official plays tricks with
marginalized people, withholding the truth from them and conspiring with the rich to defraud the couple. He takes advantage of their
trust and lack of education and negotiates to safeguard the interests of the owners. This incident becomes the main cause of their

suffering and Gopal gradually slips into alcoholism. Gopal accused Bhima of accountant treachery:

“Everything else has been taken from me, Bhima- my hands, my employment, my pride. Please don’t take one thing away from me.

I’m not like those other drunken fools. I know when to stop”. (234)

z Hé‘-}_lh -‘struck her like a

viper and moreover he had stolen the brightest and shiniest object in her life (their son Amit). He left B ]ﬁ arﬁi Poo;a~as an abandoned

One day Gopal absconds with their only son Amit and Bhima to meet the challenges of the w

pair of shoes.” (147) She brings up her daughter Pooja and arranges her marriage to Raju. After th fwc)ddlng Pooja lcave§ for Delhi
with her husband but the mother-daughter relation is sustained beyond the constraints of place. All

15 \\hlle Bhlma says busy with
R

o

TIJER2311056 TIJER - INTERNATIONAL RESEARCH JOURNAL www.tijer.org a464




TIJER || ISSN 2349-9249 || © November 2023, Volume 10, Issue 11 || www.tijer.org

her daily routine in the Dubash household, then catastrophe strikes when Raju and Pooja are diagnosed with AIDS. Pooja has contracted

the dreaded diseased from her husband. The knowledge devastates the young couple. As an illiterate Bhima said:

And after this second funeral, after Pooja turns into ashes before my cursed eyes, after I have witnessed the horror of
my own child dying before me, I will want to melt like ice, I will want to crumble like sand, I will want to dissolve

like sugar in a glass of water. I will want to stop existing. (147)

Bhima is a grandmother and she raises Maya affectionately with the support of Sera who takes the responsibility to provide
her a good education. Maya’s admission into a school and the prospects of a bright future are like miracles to Bhima. She believes that
her degree would get them out of an autocratic Bombay slums, guaranteeing Maya a better life away from servitude. Sera and Bhima’s
experiences as mothers and grandmother thus, provide them diverse experiences of identity, power, happiness. suffering and pain. The

pain in Bhima’s words:

Once I had two children, and now I will have none. One dead, the other disappeared, vanished, stolen from me by
my cockroach of a husband. And a mother without children is not a mother at all, and if I am not a mother, then I am
nothing. Nothing. [ am like a sugar dissolved in a glass of water. Or, I am like salt, which disappears when you cook

with it. I am salt. Without my children, I cease to exist. (147)

Sera never noticed Bhima appearing old, exhausted and diffident. Not even when Gopal had left and he takes with him the
most precious thing (her son Amit) in her life. She had been scared then, no question about that situations, but she knew she was still
responsible for Pooja, and that responsibility towards her daughter had strengthened and kept her from falling apart. Sera said; “No,
Gopal may have broken Bhima’s back, but Maya had broken her spirit (43)”.

Maya is the only granddaughter of Bhima, she rescued her from death’s door and promised to Pooja to look after Maya. Bhima
lost everything in her life. Maya is the only bright spot in her life; who had come to her as an orphan and grown up to be a brilliant and

aspiring young girl; she is the only flesh and blood family member she still had near her.

Such a bright and brilliant girl, Maya becoming a mother at seventeen, which ruins her bright future. She refuses when Bhima
mentioned about abortion. Maya was the only first person in Bhima’s family to attend college. The bright path that raised before Maya.
She does not reveal the father of unborn baby who had brought so much worry into their lives. Bhima thinks about her granddaughter
that she is just a silly and immature girl, she has no idea how the pit of fate would swallow her up if she went ahead and without a

father to support her would spoil her life.

The situation is aggravated when Maya declines unfathomably to reveal the identity of the man. To avoid social disgrace, it
seems necessary to Sera and Bhima that Maya should abort. For, it is not possible to take either responsibility. Bhima is completely
shattered at this turn of events and now it is Sera who assumes the position of the supporter. Sera and Bhima seck to find the father of
the unborn child but they fail. In these circumstances, the intimacy between Sera and Bhima takes the shape of a sisterhood where both

the servant negotiates in their equal capacity as women and try to make a protective nest for Maya.

Bhima plays an important role in Dubash family, but what happens in their “dichotomous and cherished relationship® is that
when Bhima is encountered the truth of Maya’s pregnancy, Sera is found guilty as her own son-in-law is the cause of Maya’s unborn
baby. Though Sera knew Bhima is truthful because of their previous acquaintance still Sera could not stand by Bhima’s side. Sera

opted to save her daughter Dinaz marital life by supporting Viraf. Sera is not willing to put her daughter’s life into risk by standing on

scorned, misunderstood and questioned by society.

Apart from friendship, Thrity Umrigar highlighted the subjugation of poor, the power suppressing t L_, 335.-ABecause

Bhima is poor, she is not able to sue against Viraf nor does she have the strength to go against Sera’s family.
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When Sera shifts to her new home and Bhima undertakes to work at Sera’s new home in addition to working at the Dubash
household. Bhima appreciate that Sera and Dinaz treat her as a person, overlooking the fact that she is needed to eat separately and
using different crockery from the family. Sera and Bhima conscious of the class difference between them and they accept their different
lots in life with the nonchalance founded on the acceptance of tradition. The class-supremacy and its impact on individuals is noticeable
and false class consciousness is followed by a full awareness of the true situation and of understanding the nature of their position.
Bhima cannot sit on the furniture which she cleans every day and Sera upholds this class disparity as even the thought of Bhima sitting
on their furniture repulses Sera. She cannot to see Dinaz embracing Bhima and she has to, “suppress the urge to order her daughter to
go and wash her hands (29)”. Though Sera calls Bhima, *my Bhima’, and talks about her proprietarily (19)”. Sera sits on a chair at the
table while Bhima squats on her haunches on the floor nearby. On the other hand, she cannot but admire Bhima for her conduct and
character and when one of her neighbours states that, “Sera is rewarded in heaven for the way she treats Bhima” she replies wryly,
“heaven has nothing to do it, Bhima is a decent person and a good worker.” (44) However the conditioning of the rigid social structure
keeps them apart in the sphere beyond that of the mistress-servant. She has never visited Bhima’s house which is located less than a
fifteen minutes walk away. She bridges the gap fleetingly only once on the day when Bhima is unwell. On entering Bhima’s home she

feels as, “If she had entered another universe.” (113) And wants to run away from that place and escape back to her sanity house.

The relationship between these women in many ways highlights the space between them which is concretized by the material
difference at their homes-one a rich apartment and the other a small room in a slum. Swapna Krishna in a review of The Space Between

Us states;

“The reader hopes that Sera will reach out to Bhima and try to connect with her on their common ground because they really could

help one another. But unfortunately, that isn’t the way that class works”. (Krishna)

With the experience of earlier betrayals, Bhima is immediately able to deduce that it is Viraf who is responsible for their
misery and pain. She notices that he tries to hide behind his wife and mother-in-law. She recollects how he treated Maya playfully
without any class difference and now he is the man who ruptures the lives of her and her granddaughter. He pushed the blame for their
indiscretion upon Maya alone. Here again patriarchy plays a vital role as he uses his machismo and cunning to safeguard his position

by undermining Maya’s;

“listen, Maya, he said softly. I was thinking...thinking about what...just happened, about what you did. Yes, that was a bad thing you
did. tempting me like that, taking advantage of me while I was in a weak mood™. (279)

Now he clearly uses different tools of negotiation-intrigue and threats, to protect himself and his reputation. He relegates Maya
to the position of the temptress and the sub-servient. Taking full advantage of patriarchy, “a system of social structure and practices in

which men dominate, oppress and exploit women,” he cheats Maya and Bhima and Dinaz and Sera equally. (Walby 142)

Bhima’s silence, her surly behaviour towards Viraf and her refusal to speak to him threaten him and provoke a negative
response from him because he is aware that Bhima knows the reality and she holds the power to save or ruin his life. In psychological
terms human beings feel two types of threats in their life which are elucidated by Paul Gilbert as “external and internal”. External
threats are threats that are perceived to lie outside of the self. Internal threats relate to the emergence of internal experiences that
negatively impact on “self-evaluations, self-identity and self-presentation™ (14). He is clearly vulnerable to both threats. To hide his
misdeeds and self-protection, he uses negative negotiation and cunningly sets a trap for Bhima. He falsely tells Sera that Bhima has
stolen seven hundred rupees from his cupboard. Bhima is completely shocked at his statement and she realizes that he must have

planned it for weeks. She retaliates angrily, “T'll tell the story about your evil, how you ruined my family’s reputation.

my family’s honour. Just open your mouth to the police, and I'll show you what I'm made of, you dirty dog?
and confused at this development of Bhima. She is not able to understand the situation and her inner voice w
encouragement on many occasions fails to guide her at this critical moment. So she silently she sits on the sl

her face.
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As the situation builds to a crucial breakpoint, under relational obligations Sera is not able to show her resentment directly to
Viraf, but it spontaneously appears in relation to Bhima when she calls Viraf a dog. She bursts out authoritatively. like a mistress not

a friend, and tells Bhima, “control yourself have gone mad, talking in this low class way? don’t forget who you're talking to” (301)

It is manifest at this juncture that class-consciousness again seems to play a vital role as Sera fails to negotiate beyond class
boundaries and acts solely to protect her family and its honour. On the other hand, her action can also be explicated in line with the
psychological effects of her dependency of Viraf and her only daughter Dinaz. This dependence leads to lack of self-esteem, lack of
confidence, and the inability to take decisions. Sera turns towards Viraf inquiringly to know the truth from him even as Bhima expects

Sera to take her side.

As a matter of fact, Sera clearly realizes that Viraf is lying. She recognizes that lines of hierarchy and kinship are clearly
drawn between her and Bhima. They now shape their complex relationship. Sera seems to consciously choose conduct aimed at creating
and maintaining family harmony. However, at a deeper level it is a mother’s protective instinct for her daughter that is driving her. Her

reference to Dinaz is an oblique way of explaining that her behaviour is goaded by her concern for the wellbeing of her daughter.

Here Sera uses her class power to marginalize Bhima to protect her daughter’s life but in her rage Bhima only perceives it as
a dastardly betrayal. To her Sera appears to choose family over friendship and class over sisterhood. Sera has to sacrifice Bhima to
protect Dinaz and orders Bhima out from her life and from her home with the cryptic remark “Get out of my sight” (303). At these
words of Sera, Bhima hears the resentment in her voice and she aware of the whole situation. But she notices the film of sweat on his
face and a look of satisfaction and victory towards her. Sera’s action is painful for both Sera and Bhima and both are victims of Viraf’s
villainy. Sera loses a friend and confidante and Bhima is bereft of Sera’s emotional, physical and psychological support. Natasha Mann

comments;

For more than twenty years they have lived through each other’s pains and losses, and have been subject to secrets
hidden even from their relatives, so that they have become bound by- if not friendship —then kindness, compassion

and intimate knowledge. Only when a crisis occurs are they forced to choose their true allegiances (Mann)

Therefore, the long bonding between Sera and Bhima is overcome by Sera’s maternal instinct for Dinaz. In this situation
Bhima’s silence about the seduction and abuse of Maya speaks volumes about her attachment to Sera. The difference in the choices
they make opens a yawning space between them. Finally, Sera choose to save her daughter’s life and she believe her son-in-law’s

“obvious lie” over Bhima’s “obvious truth”. (311) Ligaya Mishan observes in her review:

In the classic upstairs-downstairs story, you always have a sneaking suspicion that downstairs, freed of corsets and
etiquette, the servants are having a lot more fun than their prim, monocle maters. But no such palliative exists in the

world of Thrity Umrigar’s second novel, which examines the class divide... through the relationship of mistress and

her servant. (http:// www.umrigar.com./space between.html)

Henceforth, Sera and Bhima move in opposite directions; Sera moves inward to her family and home whereas Bhima steps
out to an uncertain future. In the process of marginalization between man and woman and between woman and woman, Sera is cast in
the image of a woman who is inward and diffident. She is willing to sacrifice her relationship with Bhima for the sake of peace and
family relations. Thus, the seeds of marginalization produce the ‘class war’ where both Sera and Bhima are still form an ideal,
democratic and liberated model of life where they have their own say in their particular position. Umrigar’s compassionate

understanding of realities does not propel her to stretch her imagination towards the scope of proposing any mo tivism within

her narratology.

At the end of the novel, it is Bhima who stands apart for her extraordinary strength and hum gedilience to with

terrible odds and pleasures when everything seems to be lost in a world like that of urbanized Mumbai
clean the houses of Sera’s but cannot claim equality of fellowship, if not status. This is one of the modern travest tragedies of

India.
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There are many women like Sera, Bhima, Dinaz and Maya. The lives of these four women are ruined because of one man
Viraf. In the roles of mothers Sera and Bhima want to save their daughters marital lives. In the course of saving her Dinaz’s life sera

sacrificing her life time companion Bhima. Feminist critic Uma Chakravarthy rightly remarks:

“Class divides women. [t extraordinarily succeeds in dividing women, in erasing a possibility of sisterhood. Such sisterhood can emerge

only when we eliminate class and caste”. (271)

This oppression of woman is not being tried to be understood or is purportedly connived at because women hold social security
for their children and themselves before their individuality and try to avoid the social stigma of being marked as an abandoned woman.

This weak point has given strength to patriarchal male dominance which is universally present.

To explore this class difference Umrigar briefly skims the concept of the subaltern. Bhima is a member of the subaltern class
that labours in order to survive. In the polemics of heterogeneity, Gayatri Spivak includes: “the oppressed subject” and “the people of
inferior rank.” Notwithstanding the consciousness of class distinction, Sera and Bhima are able to negotiate around it to forge and
sustain a strong bonding. In their relationship there is no need even of a verbal exchange and they share an “unspoken language, this
intimacy that has developed between them over the years.” (17) Sera helps Maya to pursue higher education and she takes the initiative
to enroll her in college. Maya is also attached to Sera and several times comes to work for the Dubash family, particularly in the absence
of her grandmother. In this all-women world Sera, Dinaz, Bhima, and Maya follow as easy rhythm from which Feroz is excluded.
When Bhima’s husband Gopal was admitted in the hospital, Sera and Feroz visited and enquired with the hospital staff and which
compelled them to administer a new dose of anti-biotic to Gopal which helped him immensely for his in speedy recovery. The power

of education, wealth, position and of courses his Parsi heritage all are reflected in his high-handed attitude.

“I work for the TATA’s. you understand? Do you know what pull we have with the hospital administration? One word from me and

you will be out on the streets with you. And what’s more I will make bloody sure not one other hospital in Bombay hires you (218)".

Bhima who was a witness to all this first that the air of confidence and power which Feroz Seth possessed, which made even
the doctor in rubber slippers bow down in servility, was due to education. But later she realized that it was the easy grace and elegance

which most Parsis possessed which prompted others to follow their order like meek lambs. Bhima both perplexed and happy wonders.

Sera understand Bhima’s moods and she even appreciates Bhima’s silence as there a lot is conveyed through Bhima’s quiet
gestures. Both share a very good bonding so good that even Sera had given half of her place to Bhima in her heart. Though Sera is well
aware of the fact that Bhima maintained a decent sense of hygiene compared to other maids who lived in the near-by slums she is
totally repulsed by her daughter’s closeness to Bhima. In fact ever since Sera had known Bhima, she was quite aware of the fact that
Bhima took a fifteen minute break at 4.00 p.m to tidy herself. “Her daily ministrations compelled Sera, who then became aware of her

own-sour-smelling body, to stop whatever she was doing and freshen up”. (29)

In fact, Bhima had been Sera’s only companion at times when she was shaken up by the physical abuse meted out by her
husband Feroz and soul-wrenching humiliation inflicted by Banu, her mother-in-law. Another reason as to why Bhima though a
confidant of Sera is kept at a distance was that Sera had rarely come across such close master-servant behavior pattern in her own

parental house or society in which she mingled.

The same attitude or behaviour which Sera have towards Bhima can be seen practiced by many upper caste Hindus especially
among the Brahmin community. Even though the members might be highly educated and technology savvy many of them still keep

servants at a bay and separate utensils are maintained for the use of the servant.

Ta they keep cp.uct for
Ifz.\ She alw. ays fev.'s to
her mother; N

mother-figure whom she adores. Though both parents are apprehensive about Dinaz’s strange fascination IO‘B '__

the fear that Dinaz will openly blurt out and accuse of practicing caste-prejudice like that the Brahmin comrr\\f

“You tell all your friends that Bhima is like a family member, that you couldn’t live without her™. (27)
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And Dinaz accused her parents’ discrimination towards Bhima. The women from the lower class are often stereotyped as
attempting to hook men using their wily charms. It is because of the interiorisation of this stereotype that Sera in ‘The Space between
Us’ refuses to believe Bhima when the latter blurts out the truth that it was Sera’s son-in-law, Viraf who had raped Maya. In spite of
several pleas by Bhima that Maya is innocent, Sera throws out Bhima out of her house. In case of any problem in which people from
two opposite classes are involved, it is always the people from the lower class who are blamed. deemed guilty and left to suffer the

consequences. Sera too blame Maya and redeem her son-in-law from the accusations. She insults Maya;

“What your Maya did is her business... She can be whore with fifty men for all I care. Just don’t involve my family in her sickness.

I’ve done all I could for that girl. Now I wash my hands of the whole family... get out of my sight”. (303)

Bhima is not scared about losing her employment in Sera’s house. Bhima did not gave up she went up to Sera to ask justice
for her Maya’s innocence. Through Sera and Bhima, one can see that in a tradition bound country like India, marriage, family and a
girl’s chastity becomes a primary aspect for a woman. Sera was stand on Viraf’s side by pushing all the blame on Maya. But, she will
never forget the words of Bhima and that words caw in her ears like crows and distress her in the sweaty and sleepless nights. Moreover,

she ever be able to look at her only daughter’s innocent, laughing face again and not think of Viraf’s deceit.

The novel pulls on at opposite ends at the socio-economic spectrum of Mumbai city. The lasting impact the novel upon the
reader’s psyche is the way this two characters-one a victim of human cruelty, and the other, a victim of poverty and marginalization,
survive the onslaught of a male dominated world and the condescendingly gossiping world of men and women with strength and
fortitude. The way Umrigar juxtaposes contradictory thoughts, realities, and emotions is scintillating and soul-impacting, ushering in
a compunctious catharsis. The title of the novel is so apt that it speaks of the spaces that ensure affinities and spaces that create distances
vis-a-vis different relationships among characters in the novel. The soul-mate affinities of the space between Sera and Bhima are
limitless but the cultural and class distances of the space between them are governed by Sera’s background of birth, wealth, and status.
Bhima is more an object of Sera’s benediction and benefaction though she, as a subject, gives a valuable emotional support to Sera in
the context of the predicament she lives with. Though the kindness Sera extends towards the wellbeing of Bhima and Maya has some
therapeutic effect, to treat Bhima as an equal is an unacceptable proposition to Sera because of her ‘upper-middle-class skin’. Sera even
admires the way Dinaz appreciate Bhima but she has also the temerity to chide and caution her daughter against her rapport with Bhima.
Thus, Umrigar imagined India is a reflection of the trajectory of class discrimination between the privileged and powerful and the poor
and literature. Told from the point of view of the old woman, the story tellingly portrays the vicious circle in which the poor like Bhima

are caught.

What makes Sera be kind to Bhima? Is it the experience of innumerable humiliations she had to undergo under her abusive
husband and cruel mother-in-law then, or is it a sign of her moral and spiritual solidarity with the cause of the poor and marginalized?
The answer is obviously the first one as the novelist implies. The bond of gender relationship both sera and Bhima maintain have their
source of strength in their awareness of the crushing conjugal disappointments both of them have to endure. Sera is not capable of
opting for a revolutionary step which would enable her to treat Bhima as an equal. Her bond of womanhood or feminine psyche does
not transcend or eliminate the man-made barriers such as engendered poverty and deep-rooted class disparities India is destined to
endure despite the progress achieved on several counts. This is why she is a more a type than an individual. Therefore, the poor are
bound to be there everywhere and at all times-now and times to come, because of the citizenry in general believe, as Sera does, in

certain constricting boundaries that perpetuate class considerations. The lyrical touch with which the novelist handles emotions of the

central characters, the tragic beauty connoted by her narrative art, and the feminine psyche of the novelist enlightened by life-

t hne day sk W{) d meet her
hor /\“IClnlty of her

family apartment in Mumbai. The novel is aptly dedicated to the real Bhima and the millions like Bhima, critics have noticed similarities
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of perception in Alice Walker’s The Color Purple, Maya Angelou’s I know why the Caged Bird Sings, Khaled Hosseini’s The Kite
Runner, and Rupa Bajwa’s The Sari Shop but the blunt realism and compassionate aesthetics with which Umrigar presents the

contemporary India through personal stories is uniquely Parsi-Indian. In Umrigar’s words about Bhima:

“I loved Bhima, because I had just declared myself a Socialist and Bhima was my own private laboratory, my personal experiment, on

whom to try out my newly discovered theories of social justice and the proletariat and the revolution”. (P.S Umrigar)

Thus this novel is about women’s strength, identity, survival, poverty, education, family and gender role are all explored. “It
is dark, but inside Bhima’s heart it is Dawn.”(312). Thirty Umrigar projected Bhima as a woman of strong character who in spite of
poverty and low status did not hesitate to fight for her granddaughter’s cause at the cost of losing her livelihood and straining the long
standing relationship between her mistress and her. At the end of the novel Bhima stands apart an extraordinary strength and human

resilience to withstand the terrible odds and pressures when everything seems to be lost in the world.

Gender and the division of class, it is a theme that has interested me- haunted me, even- for as long as I can remember.
One of the reasons I have always loved Bombay is because it is a city riddled with contradictions and paradox. In an
apartment in a small corner of the city, I grew up experiencing a microcosm of this larger paradox- this strange tug-

of war between intimacy and unfamiliarity; between awareness and blindness. (http:/www.umrigar.com/space

between.html
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