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Abstract: The Curie temperature is tfemperature at which spontaneous magnetization of ferromagnetic and Jerrimagnetic

satertal becorses sero. 1t is also defined as temperature at which relative permeability you equal to 1. The Rapid falling of u,

from Hopkinson temperature is generally confined to small are of curve and approaches the i, equal to 1 at somewbat higher
temperature. It is observed that Cirie temperature goes on increasing with the addition of Ni** content. The exchange energy £Te

alsa increases with the addition of NE™* content.

Key Words: Curie Temperature Te, Fixchange energy £Tv.

Introduction:

The temperature at which spontaneous
magnetization ‘Ms’ of a ferromagnetic/ ferrimagnetic
substance  becomes zero is called as Curie
temperature [1]. This temperature is the same as
temperature at  which suscepubility x becomes
infinite that is 1/x becomes zero|2].

The  spontaneous  magnetization  Ms
decreases with increasing temperature and at some
critical temperature known as Curie temperature Tc,
the thermal energy exceeds exchange energies.
Above Tc a ferromagnetic/ ferrimagnetic material
behaves as a paramagnet and obeys Curie-Weiss

law

3]. The dependence of Curie temperature on the
distribution  of metallic ions on tetrahedral and
octahedral sites in ferrites was suggested by Gorter[4]
and Neel[5]. In case of mixed zinc ferrite systems,
the A-B interaction decreases with addition of Zn*?
hence Curie temperature decreases [6].

SR. Sawant et al[7] reported Bulk magnetic
studies on Cu-Zn ferrites from the temperature
variation of ac susceptibility, the Curie temperature
goes on decreasing(nonlinearly) with the increasing
Zn content in Cu-Zn ferrite,

GK Joshi etal[8] have determined Curie
temperature of the copper substituted a Ni-Zn
ferrite by using the method suggested by loria and
Sinha [9]. As the content of Cu* increases in a Ni-
Zn ferrite, Curie temperature decreases
Experimental:

The Curie temperature value (Tc) were

determined from xac = T and pw— T measurement.
For w— T measurement HP 4284A Precision LCR
metre was employed. For xac = T measurement
double coil setup was used.

Results and discussion:

The Curie temperature is temperature at
which spontaneous magnetization of ferromagnetic
and ferrimagnetic material becomes zero. It is also
defined as temperature at which relative permeability
you equal to 1. The Rapid falling of w from
Hopkinson temperature is generally confined to
small are of curve and approaches the w equal to 1 at
somewhat higher temperature. This implies that
there is no unique Curie temperature but the
femperarure over which Weiss domain disappear[10].
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Table 1: Data on Curie temperature by Susceptibility and Permeability measurement and kT¢ values
for ferrite system Nix Cuy 1. Zn, Fe;0y with t= 0.45

| X Curie temperature Tc (°C)
Susceptibility Permeability kTc (ev)
(.00 185 185 0.039
| 0.05 ' 204 205 0.041
! 0.10 216 215 0.042
| 0.15 232 233 0.044
| 0.20 ' 252 255 0.045
S 030 280 280) 0.048
" 0.40 295 293 0.049
| 0.50 313 315 0.051
| 0.55 323 325 0.052

Table 2: Data on Curie temperature by Susceptibility and Permeability measurement and kTc values
for ferrite system Ni, Cuy 1.y Zn, Fe;O; with t= 0.50

X Curie temperature Tc (°C)
Susceptibility Permeability kTc (ev)

j 0.00 130 132 0.035
| 0.05 | 145 154 0.036
0.10 157 155 0.037

i 0.15 179 177 0.039
! 0.20 203 205 0.041
030 233 230 0.043
040 260 262 0.046
050 285 285 0.048

Table 3: Data on Curie temperature by Susceptibility and Permeability measurement and kTc values
for ferrite system Ni, Cuy( 1.9 Zn, Fe:Q4 with t= 0.55

X Curie temperature Tc (°C)
Susceptibility Permeability kTc (ev)
0.00 100 100 0.032
I 0.05 - 120 118 0.034
0.10 | 135 135 0.035
R 150 152 0.037
| 0.20 163 160 0.037
030 192 195 0.040
| 0,10 222 _ 220 0.042
0.45 239 240 0.044
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Table 4: Data on Curie temperature by Susceptibility and Permeability measurement and kTc values

for ferrite system Niy Cuy 1.4 Zn, Fe204 with t= 0.60

X Curie temperature Tc (°C)
Susceptibility Permeability KTc (ev)
0.005 83 82 0.031
0.10 94 93 0.032
0.15 110 107 0.033
0.20 130 130 0.035
0.30 ‘ 185 182 0.039

Table 1 to 4 give data on Curie temperature
determined by various techniques ie. xac — T and
= T vamations. It is clear from table that with
increase in Ni*' content in the ferrite system Ni, Cuy
vy Zn FeaOy with t= 0.45,0.50,0.55,0.60 the Curie
temperature  goes  on increasing.  The  Curle
temperature of Cul'exOy 15 435 " C, whereas that of
N1 Fex0 15 585 " C. The exchange energy also shows
increased  with increased in Ni** content. The
exchange interaction in the present system are mainly
due to Fey’' = Fey". The addition of Ni** ions by

amount of x causes decrease of Cu® ™ ions by amount
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ABSTRACT: During the present study ten species of Eimeria are found in sheep, eight species are redescribed
and two are new species.
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1. INTRODUCTION:

Coccidiosis is a parasitic disease affecting a variety of animals, especially mammals and birds. The causative
organism is a microscopic, spore — forming, single — cell protozoa called coccidia. Coccidia are from the same class of
organisms (sporozoa) that cause malaria. Coccidia are sub-classified in to many genera.

In sheep and goats, coccidiosis is caused by the genus Eimeria. Within this genus, there are more than ten
species of coccidia that are known to infect sheep and goats. Not all of the species are pathogenic or have the same level
of pathogenicity. In fact, only a few are usually responsible for disease outbreaks.

2. MATERIAL AND METHODS:

The material for the study of coccidia of goats and sheep was obtained from various slaughter houses as well as
from different fields in and around Beed (M.S.). Different parts of the intestine of slaughtered goats were examined and
processed within 4-5 hours after collection.

The faecal contents were diluted with distilled water and sieved to remove the large faccal debris. After repeated
washing the oocysts were concentrated by centrifugation at 3000 rpm for 10 minutes. The oocysts were then spread out
in shallow petri dishes and covered with 2.5% solution of potassium dichromate for sporulation.

3. OBSERVATION AND RESULTS:

During the study ten species of Eimeria are found in sheep, eight species are redescribed and two are new
species. Eimeria crandallis was the most frequent, being found in 108 out of 594 positive samples (18.18%) or 4.38%
of the total samples. Eimeria parva was the second common species found in 90 out of 594 positive samples,
representing 15.15% of the positive samples and 3.65% of the total samples examined. Eimeria weybridgensis was the
third species found in 82 out of 594 positive samples, representing 13.80% of the positive samples and 3.33% of the
total samples examined. Eimeria ninakohlyakimovae was the fourth found in 750ut of 594 positive samples, representing
12.62% of the positive samples and 3.04% of the total samples examined. Eimeria intricata was the fifth found in 610out
of 594 positive samples, representing 10.26% of the positive samples and 2.47% of the total samples examined. Eimeria
ahsata was the sixth species found in 55 out of 594 positive samples, representing 9.25% of the positive samples and
2.23% of the total samples examined. Eimeria ovina was the seventh species found in 41 out of 594 positive samples,
representing 6.90% of the positive samples and 1.66% of the total samples examined.

4. DESCRIPTION OF THE OOCYST OF EIMERIA OVINA:

The oocysts are elongated with micropyle and micropylar cap. The anterior end is slightly tapering and
somewhat flattened at micropylar end. Micropylar cap is saucer shaped. The oocysts are covered with two layered wall
which is 2.5um thick. The outer layer is yellowish in colour, 1.2um thick while inner layer is dark brown in colour and
1.1um thick. The micropyle is 6 to 12pm wide. Polar granule may or may not be present. Qocystic residuum is absent.

The unsporulated oocyst shows spherical sporoblast which is vacuolated and measures 16 to 20um in diameter.
The sporocysts are elongate, ovoid and slightly tapering without stieda body. The sporozoites are elongated comma
shaped and lie head to tail longitudinally. Each sporozoite carries two refractile bodies, large one at the broader end, and
small one at the narrower end. Sporocystic residuum is in the form of a small group of granules near the middle of the
sporocyst.

s e e e e e S8
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Table 1: The Dimensions Of The Sporulated Oocysts Of Eimeria Ovina From Sheep Are As Follows
(All measurements are in microns)

Particulars Oocyst from sheep
Length of the oocyst 35.5-50.2 (49.57)
Width of the oocyst 30.2-424(36.3)
Length width ratio of the oocyst 113-1.3(1.37)
Length of the sporocyst 10.5-20.8 (14.8)
Width of the sporocyst 6.5-13.4(9.82)
Length width ratio of the sporocyst 1.5-1.6(1.50)

The frequency distribution of the lengths and widths of the oocysts of Eimeria ovina from sheep shown in fig.1
Sporulation time:
The sporulation time of the oocysts was 72 to 84 hours.
Prevalence:
The species was found in 1.66% of the 2462 sheep examined from Beed district.

Elimari eving

TR

Unsporulated oocyst of Eimeria ovina from sheep

s st s o
Eimeria ovina from sheep

s

Sporulated cocyst
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k
Width (pm)
Fig.1.Showing The Frequency Distribution Of The Lengths And Widths Of Oocysts Of
Eimeria Ovina From Sheep.

Table. 2 Showing the comparative dimensions of oocysts of Eimeria ovina from sheep
(Based on various authors) (All measurements are in microns)

Sr.no. Author Length of the Width of the Average
oocyst oocyst
Levine and Ivens
1 (1970) 23.0-36.0 16.0 —24.0 27.0x 20.0
2 Norton et.al (1974) 25.0-36.0 15.0-24.0 31.0x20.0
3 Bawazir (1980) 31.62 -4794 18.36 — 26.52 37.46 x 20.87
4 Present author 40.2-55.2 30.2-424 49.57 x 36.3
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5. COMMENTS:

This species was first described by Levine and Ivens (1970) to resemble the Eimeria arloingi type of oocyst
described from sheep. The authors suggested that oocysts described as E. arloingi by earlier workers from sheep and
goats differed from one another. This species was described in detailed by Norton et.al (1974) and later on by various
workers like Bawazir (1980), Varghese and Yayabu (1985), OCallaghan et.al. (1987), Dasilva et.al. (1991), Amarante
and Barbosa (1992), Maingi and Munyua (1994), Arsalan et.al. (1999), Galip Kaya (2004), Gul A (2007), Karl
Skirnisson (2007), Fawzia H. Toulah (2007), Yakhchali and Zarei (2008), Yakhchali and Eqbal Golami (2008) and
Gauly (2008). A comparison of the oocysts from sheep of present author with the previous worker is given in Table 1.
i After the observation of the previous workers it has seen that the oocyst described herewith those described by Levine
and Ivens (1970), Norton et. al. (1974) and Bawazir (1980) show interesting variation. The oocyst wall is thinner in the
forms described by Norton et.al. (1974) compared to the other three while the thickness of the wall of the present oocysts
is similar to described by Levine and Ivens (1970). The micropylar cap in the present form is slightly larger than the one
described by Levine and Ivens (1970). The body dimensions of the present forms are larger than Levine and Ivens
(1970), Nortan et.al. (1974), and Bawazir (1980). Stieda body was reported by Levine and Ivens (1970) and Bawazir
(1980). There was no stieda body in the oocysts of Norton et. al. (1974). Present species matches with it as the stieda
body is absent here. Inspite of minor differences in morphometrics the species is considered as E. ovina and redescribed

T TR T T T R T
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here.
Host - Ovis aries
Habitat- Oocyst found in intestinal content
Locality- Beed, (M.S)
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The present study was carried out to observe the phyllosphere fungi of Annonasqumosa. The leaf
surface is exposed to air currents .With air various microscopic objects are carried to leaf surface .
Fungal spores are one of them .The air borne fungi shows variation in occurrence from place to
place. Leaf surface provides suitable environment for microbial growth. Growth of phyllosphere
tungi depends on organic compounds on leaf and the external environmental factors. A total four
species of fungi were isolated and identified on the basis of colony morphology. mycelia and spores.
Fungal species isolated were Aspergillus species, Alternaria species, Curvularia species and

( Copyright © Shama Mahadik, 2021, this is an open-access article distributed under the terms of the Creative Commons
L Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is

properly cited.

INTRODUCTION

The term phyllosphere was introduced by Last (1955) to denote
the leaf surface environment. Phyllosphere is one of the major
microbial habitat on the earth that provides shelter to diverse
and complex microbial communities. (Manjitkumar Ray,
2014). Leaves shows a large microbial diverse habitat with
larger surface areas. The phylloplane microorganisms may play
vital role with regard to the host plant. They influence the
growth of their host plant either negatively as pathogens or
positively by increasing stress tolerance and disease resistance.
(Mari Bhat 2019). Microbial communities of leaves are diverse
and include many different genera of microbes. Interactions
among microorganisms are antibiosis and parasitism etc. which
protect plant from pathogenic tungi. (Chakraborty et al 1994).
Annona squmosa L. (Annonaceae) commonly known as custard
apple is very nutritious fruit. It is reach in vitamin Cand A,
Pottasium and Magnesium also recognized for medicinal
properties. Custard apple is known for its anticancer,
antibacterial, antitumorand antimalarial properties. Leaves are
used as insecticides. Leaves are useful in regulating sugar and
as antioxidants to prevent aging of skin.

MATERIALS AND METHODS

Sample Collection: The leaves are collected randomly from
various localities and brought to laboratory.

Sterilization of glass wares and media: The standard methods
were followed for Sterilization. All the glass wares washed

*Corresponding author: Shama Mahadik

with detergent, rinsed with distilled water ,dried and then
sterilized in oven at 160C. For two hours. The media was
sterilized in autoclave at 121 C under 15 Ibs for 15 minutes.

Isolation of phyllosphere fungi

Phyllosphere fungi were isolated from leaves of test plant
through leaf washing technique. (Sandeep Shukla, 2016). The
serial washing technique was followed. The homogenous
suspension was used for further study. One mi suspension was
poured in to petri plates containing sterilized PDA medium.
Incubated for seven days in incubation chamber. After
incubation fungi were observed by colony morphology and
structure of spore using standard literature. Fungal occurrence
was calculated as follows (Mari Bhat, 2019).

Fungal occurrence (%) = (Number of leaves with fungal
growth / Total number of leaves examined ) X 100

RESULT AND DISCUSSION

Table Fungi isolated from the phyllosphere of Annona

Squmosa
Sr.No.  Name of the plant Fungi Yo of Occurrence
Alternaria species 13
Aspergilius species 41
I Annona squmosa > T i 5
Cuvilaria species 12
Fusarium species 24

In the present study a total 4 fungal species were isolated and
identified on the basis of colony morphology and spore
structure. Lot of investigations have been carried on

Department of Botany, Ramkrishna Paramhansa Mahavidyalaya. Osmanabad, Maharashtra, India
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phylloplane fungi. Reports of phylloplane fungi of bhendi are
reported by Vimala R.and M.Suriachandraselvan (2006),
phylloplane fungi in some vegetable crops arc reported by Mari
Bhat (2015). Phylloplane mycoflora from some medicinal
plants have been reported by (Prabhakaran M.et al 2011),
Biocontrol potential of phylloplane fungi is studied by Jeetu
Narware er al (2018) Shikha Thakur (2017) reported
phyllopane mycoflora of some selected medicinal plants.
During the present study among four fungal species Aspergillus
species shows highest percentage of incidence on PDA
medium. The study of phyllosphere fungi of fruit plants like
Annona squmosa is important as it is rich in nutritional value
and showing numerous medicinal properties.

CONCLUSION

From the present investigation it is concluded that,
microorganisms present on leaf surface vary from place to
place. Show variation in their occurrence. Present study reveals
that Aspergillus species were seen frequently. Followed by
Fusarium species.
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ABSTRACT ARTICLE HISTORY
Water mediated and baker's yeast catalyzed, efficient synthetic  Received 8 October 2020
routes have been first time developed for multicomponent cyclocon-
densations leading to bioactive tetrahydrobenzo[alxanthene-11-ones
(4a-h) and pyrazolo[34-blquinolines (7a-i). The developed protocols
are conducted at room temperature and gave better to excellent

¢ ; T g : tetrahydrobenzolalxan-
yields of the titled compounds. The biocatalytical resource, activated thena-11-ones; pyrazolo
baker's yeast is readily available, and biodegradable. These protocols [3,4-blquinolines; one-pot
are more convenient, scalable, and obey most of the green princi- synthesis; multicomponent
ples also. The developed protocols are cost effective and better in
operation than existing ones.
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GRAPHICAL ABSTRACT

Saccharomycescerevisiae

i
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Baker's Yeast

Introduction

Oxygen containing fused six membered heterocycles, xanthenes and benzoxanthenes are
found to have applications in different fields, viz. dyes and pharmaceuticals.
Heterocycles with these scaffolds have immense importance in medicinal and pharma-
ceutical chemistry due to their broad-spectrum therapeutic activities like antibacterial,'"!
antiviral,”! and antiinﬂammatory.m antiplasmodial activity, antagonists for paralyzing
the action of zoxazolamine,”*! and photodynamic therapy'™®' have been displayed by
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some of the compounds of these heterocyclic series. They are not only valuable syn-
thetic precursors,”! but are also found to be useful in industries as dyes (leucodyes),'®!
in laser technologies,” and pH-sensitive fluorescent materials to monitor changes in
intracellular pH and for visualization of biomolecules.*!

Nitrogen containing heterocycles viz. pyrazoles and quinolines are also thoroughly
explored as therapeutic agents, and some of them displayed promising antibacterial,
antihyperglycemic, antimalarial, antituberculosis and anticancer activities.!'*""!
Literature reveals that molecules bearing both pyrazole and quinoline rings in their
molecular framework are having intensified antiviral, antibacterial and antimalarial acti-
vities."*'%! Now a days researchers are facing serious threat as most of the present
therapeutic agents are receiving microbial resistance. Therefore, a search of new nonmi-
crobial resistance therapeutic agents is gaining more importance. In this respect recently
pyrazoloquinolines are found to be showing promising activity and overcome multidrug
resistance  problem.!"”! They are found to display anticancer activity.!"”
Pyrazoloquinolines are found to be useful as potential electroluminescent materi-
als.""* Y In view of the notable broad spectrum pharmacological activities of benzoxan-
thones and fused pyrazoloquinolines, several attempts are made to provide better
synthetic protocols for obtaining these derivatives safely and cost effectively.

The classical synthetic route for synthesizing tetrahydrobenzo[a]xanthene-11-onesis
by carrying separately one-pot cyclocondensation of fi-naphthol, benzaldehydes, and
dimedone in the presence of various heterogenous catalysts viz. TTAB,”" [Yb(PFO),],
TPPMS/CBr, "' DSIMHS,*?! Zr(HS0,), ! Zr(HSO,),NP,* H,PW ,0,(PWA),*!
BF;, S$i0,,1*! Fe,0,/CS-Ag NP,"*”! Fe;0,GMCM-41-S0;H,/**! [DSTMG][CF;CO0] &
[DSTMG][CCLCOO0],"* Fe;0,@8i0;-SO0;H,"!  Nano-TiCl,/$i0, " Boric acid,**
calix[n]arenes CX3/CX, """ [BNBTS],P* [DDPA][HSO,],®" GO or G-SO,H,
Imidazole/isoquinoline,”””  Ce($0,),.4H,0,** TiO,, ALO;, FeyO, nanoparticles,*!
Fe(IlI) tetranitrophthalocyanine immobilized on activated carbon,'* SiCl,/CH,CI, "]
NaH$0,.5i0,™ Zr-MCM-41,"**1 InCly/P,05* Sr(OTf),, CICH,CH,CL*! p-TSA/
([bmim]BF,), "¢’ MnOl,H’—] and CAN."®! Microbial irradiation and ultrasonication are
also found to be employed for enhancing rate of cyclocondensation leading to xanthe-
nones."" All these reported synthetic protocols employed for obtaining xanthenones
need nonreadily available, and costly heterogeneous catalysts and most of them are not
found to give moderate to good yields, even after longer reaction time.

Several attempts are also found to be performed to develop cost effective synthetic
protocols for obtaining pyrazoloquinoline derivatives. There are two classical routes for
constructing pyrazoloquinolines. 2-Chloroquinoline-3-carbaldehyde is usually cyclocon-
densed with hydrazine hydrate or substituted hydrazine hydrates in organic (polyols)/
aqueous medium, applying heat or microwave energy.”™” The neat one pot condensa-
tion of 2-chloroquinoline-3-carbaldehyde and substituted hydrazines using organic cata-
lyst, p-toluene sulfonic acid under microwave energy has also been reported."”!! There
are reports 51 1o convert quinoline-2-ones for obtaining intermediates, 2-chloroquino-
line-3-carbaldehydes. These are then subjected with hydrazine hydrate/phenyl hydra-
zines under reflux in organic medium to get pyrazoloquinolines. Some routes ''°! use
pyrazoles/pyrazolones as precursors for getting pyrazoloquinolines. Attempts are found

to be made to get theses derivatives neatly in one pot using p-toluene sulfonic acid as
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Baker's Yeast i | i !
M N R HoO,tt, 45 min. > o O
A (2a-h)
PN -
2 @ (4a-h)
(3)
R= 4-Cl, -H, 4-OH, 4-Br, 2-NO,, 4-OCHj, Yields: 79-90 %

4-CHj, 4-F

Scheme 1. Synthesis of tetrahydrobenzo[a]-xanthene-11-ones (4a-h)

catalyst under microwave.*!! Use of L-proline as a catalyst for carrying one-pot cyclo-
condenstion of pyrazolones, aldehydes and anilines has also been reported for obtaining
pyrazoloquinolines.'"*!

The above narrated methods are having one or other kind of lacunae, and there is no
report on the use of biocatalysts to accelerate one pot multicomponent syntheses of
benzoxanthones and pyrazoloquinolines. Biocatalysts/enzymes are known to catalyze
biotransformations. Since last decade of 20th century, they are explored as catalysts for
accelerating rates of various organic transformations. >7! Usually biocatalysts are iso-
lated enzymes/coenzymes, either in pure or as whole cell crude form. Active baker’s
yeast is a rich source of library of enzymes, and is employed as whole cell source of bio-
catalysts in accelerating rates of various organic transformations. Recently our group
has reported some cyclocondensations, accelerated by biocatalysts leading to benzothia-
diazinones, 2-aryl benzothiazoles, 1,4-benzothiazines, 4H-pyrans, 2,3-diaryl-4-thiazolidi-
nones,  5-arylidene-2,4-thiazolidinediones, ~ pyrazolines, and  pentasubstituted
thiopyridines heterocycles. "**%! Recently Ebrahimipour et al. " have reported L-
asparaginase, active enzyme catalyzes the conversion of asparagine to aspartic acid
and ammonia.

It seems from above survey that there is dire need of the cost effective and safer syn-
thetic alternatives to synthesize the titled heterocycles, tetrahydrobenzo[a]xanthene-11-
ones and pyrazolo[3,4-b]quinolones. In continuation of our earlier interest to perform
condensations and cyclocondensations in the presence of pure enzymes or whole cell
enzymes, here it has been therefore first time decided to carry these cyclocondensations
using respective multicomponents in the presence of whole cell source of biocatalyst,
activated Baker’s yeast for obtaining the above biodynamic heterocycles rapidly and cost
effectively. The attempts are also made to optimize the reaction conditions of these
cyclocondensations, carried in presence of baker’s yeast.

Results and discussion

Keeping the above mentioned interest in mind, here we have developed baker’s yeast
catalyzed (a) one pot cyclocondensation of fi-naphthol (1), substituted benzaldehydes
(2a-h), dimedone (3) (Scheme 1) and (b) cyclocondensation of substituted
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,H. Baker's Yeast N ‘ A
. + HNTR > N
P | H,0, 11, 3.15 h TN
: Y
(5a-i) (6) (Ta-i)

R= -H, 6-CHa, 7-CHs, 8-CHa, 6-Cl, 6-OCH, Tields: 79-80%
R'=-H, Ph

Scheme 2. Synthesis of pyrazolo[3,4-blquinolines (7a-i)

2-chloroquinoline-3-carbaldehydes, (5a-i) and hydrazine hydrate or phenyl hydrazine
(6) (Scheme 2) by optimizing reaction conditions for obtaining better to excellent yields
of the titled tetrahydrobenzo[a]xanthene-11-ones (4a-h) and pyrazolo[3,4-b]quinolines
(7a-1i), respectively.

To optimize the reaction conditions for the one pot synthesis of tetrahydrobenzo(a|x-
anthene-11-ones, here we have established suitable optimized reaction conditions by
performing separately the multicomponent cyclocondensation of model reaction,
f-naphthol (1), 4-chloro benzaldehyde (2a), dimedone (3) (Scheme 1) by varying
amount of baker’s yeast, reaction temperature and media.

It has been observed that in the absence of baker's yeast, the cyclocondensation
has not been found to yield respective reaction product even at longer reaction time.
It has been also noted that when this model reaction was carried by allowing cyclo-
condensation of f-naphthol (3.5mmol), 4-chloro benzaldehyde (3.5mmol), and
dimedone (3.5mmol) in the presence of 0.5gm of activated baker’s yeast in water
(10ml) at room temperature gave excellent yield within 45min. Using these opti-
mized conditions, the other compounds (4b-h) of the series have been synthesized
and their physical constants and spectral data are recorded in experimental section.

Similarly, the optimized reaction conditions for carrying cyclocondensation of 2-
chloroquinoline-3-carbaldehydes (5a-i), and hydrazine hydrate, or phenyl hydrazine (6)
using Baker’s yeast as a source of catalyst have also been established by performing, sep-
arately the model reaction varying solvents, amount of Baker’s yeast and temperature. It
was observed that the model reaction when carried using 2-chloroquinoline-3-carbalde-
hyde (5a), (2.4mmol), and hydrazine hydrate (7.3 mmol), or phenyl hydrazine (6)
(7.3mmol) in the presence of 0.5gm of activated Baker’s yeast at room temperature in
water (10ml) gave better yield of (7a) within 3.15h. Using these optimized conditions,
the other derivatives (7a-i) of the series have been synthesized and their physical con-

stants are presented in experimental section.

The titled compounds obtained, using the developed synthetic protocols have been
thoroughly characterized using their spectral data viz. mass, proton magnetic resonance
(PMR), and carbon-13 nuclear magnetic resonance (CMR). The spectral data are pre-
sented in the experimental part and supplementary information.

Here baker’s yeast is found to be displaying its role as biocatalysts as it is a whole cell
source of many enzymes. After disruption of the yeast, the enzymes having different
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(b) Histidine
M Asparlic anion

Qs /"1"‘-

02

Aspartic anion

Histidine
Scheme 3. (a) Plausible mechanism for cyclocondensation leading totetrahydrobenzo[a]xanthene-11-
ones in the presence of baker's yeast. (b) Plausible mechanism for the synthesis of 1-phenyl-1H-pyra-
zolo([3,4-b]quinolone.

amino acid residues are becoming readily available for activating reactive functional
sites of substrates and reactants. The enzymes having strong nucleophilic and electro-
philic active amino acid residues may be participating in the interactions with carbonyl
of aldehydes and dimedone enhancing electrophilic character of aldehydes, dimedone
and nucleophilic character of fi-naphthol, and phenyl hydrazine. Amino acid residues
like histidine, serine, and aspartate anion present with the enzymes of baker’s yeast may
be responsible to activate reactants, resulting into acceleration of the rates or cyclocon-
densations under reference. The plausible mechanism of the cyclocondensation is
depicted in Schemes 3(ab).
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Conclusion

First time Baker’s yeast catalyzed and environmentally accepted one-pot protocols have
been developed for obtaining excellent yields of tetrahyvdrobenzo[a]xanthene-11-ones
(4a-h) and substituted pyrazolo[3,4-b]quinolines (7a-i). These protocols are efficient,
more convenient and be performed in aqueous medium at room temperature. The
source of biocatalysts need for these cyclocondensations is readily available, and bio-
degradable. The developed synthetic protocols are rapid, environmentally accepted, con-
venient, and scalable than those reported in the literature.

Experimental

All the chemicals used were of laboratory grade. Active dry baker’s yeast is procured
from a local bakery. Melting points of all the synthesized compounds were determined
in open capillary tubes and are uncorrected. 'H NMR spectra were recorded with a
Bruker Avance 300 spectrometer operating at 400 MHz using DMSO-dy solvent and tet-
ramethylsilane (TMS) as the internal standard and chemical shift in & ppm."*C NMR
spectra were recorded on Bruker Avance 75 MHz on Jeol. The purity of each compound
was checked by TLC using silica-gel, 60 F;5, aluminum sheets as adsorbent and visual-
ization was accomplished by iodine/ultraviolet light.

General procedure for the synthesis of tetrahydrobenzo[a]xanthene-11-
ones (4a-h)

Baker’s yeast (0.5gm) was added to the reaction flask containing 10 ml water. It was
then sonicated at 35KHz at room temperature for 10 min. To this disrupted mass, a
mixture of fi-naphthol (1) (3.5mmol), benzaldehydes (2a-h) (3.5 mmol), and dimedone
(3) (3.5mmol) was added. The whole reaction mass was then stirred at room tempera-
ture. The progress of the reaction was monitored by Thin layer chromatography (TLC).
After 45min stirring, the reaction mass was extracted using ethyl acetate (4 x 10 ml).
From the extract, ethyl acetate was removed under vacuum. Thus, obtained crude solid
residue was then crystallized using ethanol. Melting points and spectral data of the tet-
rahydrobenzo[a]xanthene-11-ones (4a-h) are in good agreement with those reported in

the literature 2261

12-(4-Chlorophenyl)-9,9-dimethyl-9,10-dihydro-8H-benzo[alxanthen-11(12H)-one (4a)
Yield: 89%; m.p.:180-182°C (Lit: 182-184°C),”™! 'H NMR (CDCl;, 300 MHz, & ppm)
0.95 (s, 3H, CHjy), 1.12 (s, 3H, CH;), 2.25 (s, 2H, CH,), 2.55 (s, 2H, CH,), 5.68 (s, 1H,
-CH-) and 7.10-7.91 (m, 10H, Ar-H). "*C NMR (CDCl;, 75 MHz, 6 ppm) 27.32, 29.49,
32.43, 34.39, 41.60, 51.06, 114.03, 117.23, 123.66, 125.22, 127.31, 128.59, 128.68, 129.29,
130.00, 131.42, 131.72, 132.13, 143.45, 147.94, 164.25, and 197.05. HRMS (m/z) calcu-
lated for C,5H,,CIO, (M + H) ': 389.1308. Found: 389.1292.
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E
e c{rk'-"/procedure for the synthesis of substituted pyrazolo[3,4-b]quinolines (7a-i)
VY
'“'B?[éyeast (0.5gm) was added to the reaction flask, containing 10 ml water. Then it
was sonicated at 35KHz at room temperature for 10min. To this disrupted mass, a
mixture of substituted 2-chloroquinoline-3-carbaldehydes (5a-i) (2.4 mmol), and hydra-
zine hydrate (7.3 mmol), or phenyl hydrazine (6) (7.3 mmol) was added. The whole
reaction mass was then stirred at room temperature. The progress of the reaction was
monitored by TLC using ethyl acetate: pet ether (2:8) as eluent. After stirring for 3.15h,
to this reaction mass, ethyl acetate (10 x 3 ml) was added, and then it was further stirred
for 10 min and filtered. From filtrate, ethyl acetate was removed under vacuum, and the
obtained crude residue was then crystallized using ethanol. Melting points and spectral
data of the substituted pyrazolo[3,4-b]quinolines (7a, 7b, 7e, 7f, 7 g, 7i) are provided
and are identical to those reported in the literature.!'*>"*!l The other compounds of
the series viz.7¢, 7d and 7h are not reported in the literature. Therefore, their scan
spectra and other characteristic data have been reported in the experimental part of

supporting information.

8-Methyl-1H-Pyrazolo[3,4-b]quinoline (7 h)

Yield: 86%; m.p.:162-164°C, 'H NMR (DMSO-d,, 300 MHz, & ppm) 2.64 (s, 3H, CH;),
7.46-7.53 (m, 3H, Ar-H), 7.88 (s, 1H, Hb), 8.05 (s, 1H, Ha) and 8.62 (s, 1H, NH). "*C
NMR (DMSO-d,75 MHz, o ppm) 17.26, 126.00, 127.22, 127.94, 130.03, 131.40, 132.82,
135.18, 144.93, and 146.71. HRMS (m/z) calculated for C; HoN; (M + H)™: 184.0874.
Found: 184.0864.

The physical constant and spectral data HRMS, '"H NMR, and “C NMR of these
compounds, (4a-h and 7a-i) have been provided in supporting information. This
material can be found via the “Supplementary Content.” section of this
article’s webpage. -
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ABSTRACT

A facile synthesis of quinoxalines by the cyclocondensation of substi-
tuted phenacyl bromides with o-pheneylenediamines using silica-
supported dodecatungstophosphoric acid (DTP/Si0,) as a recyclable
heterogeneous catalyst is unveiled in this research work. This
method is practicable due to environmentally benign, easy workup,
high yield, less reaction time, low cost, mild reaction condition, and
recyclable heterogeneous catalyst. The catalyst can be easily recov-
ered from the reaction mixture only by filtration and reused up to
five catalytic cycles without significant loss of catalytic activity and
product yield. This leads to making the process more affordable.

GRAPHICAL ABSTRACT
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A facile protocol has been reported for quinoxalines synthesis
from substituted phenacyl bromides and o-pheneylenedi-
amines using dodecatungstophosphoric acid (DTP/SiO;) as a
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recyclable heterogeneous catalyst. This method is practicable
due to simple reaction conditions.

Introduction

Quinoxalines are nitrogen-containing heterocyclic compounds, which are well known
for their broad biological applications such as antibacterial,' anticancer,””! antiviral,"*’
anti-HIV,"*! kinase inhibition,”” and sensing of ions,'*™*! etc. Quinoxaline ring scaftold
was present in several drug molecules as a key structural motif''” like clofazimine,
chloroquinoxaline sulfonamide, briminodine, quinacillin, varencline, echinomycin, lero-
mycin, and actinomycin as shown in Figure 1. Correspondingly, derivatives of quinoxa-
lines have several applications in dyes,"!! electroluminescent material,"*! organic
semiconductors,!"*)  dehydroannulenes,!™ and chemically controllable switches.!"”!
Consequently, the renowned chemical and biological significance of quinoxalines have
been attracted the organic community to develop an ideal method for the synthesis of
quinoxalines and their derivatives.

Literature survey revealed that there are numerous synthetic methods have been reported
to constitute quinoxaline scaffold. The condensation of o-phenylenediamine with 1,2-dicar-
bonyl compounds,®**! f20]
ketones!2! 2!
involved the presence of various catalysts such as citric acid,*" heteropoly acid,”**! cellulose
sulfuric acid,’*®! PEG-400,7! hypervalent iodine (III) in PEG-400,1*! polyaniline-sulfate
salt,””! CAN,""®) MnO,,"**! fluorinated alcohols,*®! (NH,)¢Mo,0,,. 4H,0,*"! pvPPOTE,
amberlite IR-120H,"** and Ga(ClO,),.*"!

cl

@ _N cl SR

LI L®
N Z S NH

1,2-diazenylbutens and oxidation trapping of z-hydroxy

are some of the reported synthetic methods. These synthetic methods were

N 2
H
Elotaziniia Chloroquinoxaline sulphonamide
S>§.\COOH
N
N N N
~ N O i
Uij i, T LX)
N N7 COOH N
Briminodine Quinacillin Varencline

Figure 1. Some quinoxaline derivatives with pharmacological activities.
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Am‘onu lhesz few synthetic methods of quinoxalines, one of the methods—the con-

‘\:a&]aatwn of o-phenylenediamine with phenacyl bromides in the solid plma.e—l:, highly
""p“e'fened[ *I This method has been reported by using catalyst-free approach,"*®! transi-

tion metal-catalyzed approaches”” ! as well as with various heterogeneous catalysts like

HClO,-Si0,,*"" TMSCL ! ,’f—cyclodextrin,[m micellar SDS,!**! silica-supported phos-
phomolybdic acid,"**! T3PDMSO or T3P,'**! N-Bromosuccinimide!™ and DABCO."”!

However, reported protocols are accompanying with some lacunas such as the use of
HCIO,-Si0, catalyst is hazardous in nature than its potential application,”®! the reac-
tion catalyzed by TMSCI required higher temperature and low product yield,!! the
f-cyclodextrin and micellar SDS catalyzed reactions were required longer time while
DABCO catalyst is non-recyclable.®****”! Considering these lacunas with synthetic
methods and used catalysts, still there is a need for designing appropriate synthetic
methods with the development of new catalysts having acidic strength and recyclability
to be environmentally benign.

Heteropolyacids are excellent alternatives for conventional reagents and are usually
used in various organic transformations. Solid acids as heterogeneous catalysts have
been extensively used and accepted stratagem in organic synthesis. Literature survey
shows that silica-supported heterogeneous catalyst DTP/Si0, (dodecatungstophosphoric
acid) is better than the conventional homogeneous acid catalysts due to its low cost,
simple operation, low toxicity, and environmental compatibility.m’sui In addition to
this, the catalyst can be easily recovered from the reaction mixture only by filtration
and reused, which leads to making the process affordable.

By considering all the above aspects regarding synthetic methods and catalysts used
to synthesize quinoxalines, herein, we have reported an efficient and convenient meth-
odology for the synthesis of quinoxalines by condensation of phenacyl bromides with o-
phenylenediamine using DTP/SiO, as a green and recyclable heterogeneous catalyst.

Results and discussion

The synthesis of quinoxalines was carried out by reacting substituted phenacyl bromides
(2a-m) (0.001 moles) and o-pheneylenediamines (1a~b) (0.001 moles) in the presence of
DTP/SiO; (20 mole%) as a catalyst. Further, the reaction mass was stirred at 90°C for
30-50 min. afforded quinoxalines (3a-s) with excellent yields and high purity, which is
outlined in Scheme 1.

The structures of all the synthesized quinoxalines (3a-s) are shown in Figure 2.

Optimization of the reaction parameters was performed by general model reaction of
o-pheneylenediamine (1a) and phenacyl bromide (2a) as shown below.

N
Iy DTP/SIO, 2
* -~

N

NH, o Br  DMF/ 90°C

1a 2a 3a

Initially, we have considered solvent parameters and studied reactions in different sol-
vents like water, methanol, and ethanol as protic solvents as well as dichloromethane,
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+ i
e Br  DMF/90°C SO 2x

30-50 min.
1a-b 2a-m 3a-s

X

3

~__NH, f .

. E()( L DTP/SIO, ol N R
T

R=a=H, b=7-CHj.

X= a=H, b=4-F, c=4-Cl, d=4-Br,
e=3,4-dichloro, f=4-NO,_
g=3-NO; h=4-CN, i=4-OCHs,
j=4-Ph, k=Naphthalene,
1=4-CH3, m=3-0OCHj.
Scheme 1. Synthesis of quinoxalines using DTP/SI0, catalyst.
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Figure 2. Structures of all the synthesized quinoxalines (3a-s).

acetonitrile, and dimethylformamide as aprotic solvents. It was observed that the qui-
noxaline formation in dimethylformamide solvent proceeds with a high yield (Table 1

3

entry 6). Whereas, the reaction in methanol, ethanol, dichloromethane, and acetonitrile
solvents atforded a low yield of the products (Table 1, entries 2-5). No reaction was
observed in presence of water used as a solvent (Table 1, entry 1).
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sening of reaction condition with respect to solvent and catalyst loading 3a”.

Salvent Catalyst Yield® (%)
Water 20% DTP/SIO, NR
Methanol 20% DTP/SIO; 60
Ethanol 20% DTP/SIO; 64
Dichloromethane 20% DTP/SI0, 70
Acetonitrile 20% DTP/SIO, 75
Dimethylformamide 20% DTP/SiO, 94
Dimethylformamide 25% DTP/Si0, 94
Dimethylformamide 30% DTP/SI0; 93
Dimethylformamide No catalyst 03

“Reaction conditions: Phenacyl bromide (0.001 mole}, o-phenylenediamine (0.001 mol), 20% DTP/SiO, in 10ml DMF, at
90°C for 30 min. ®lsolated yields.
NR: no reaction.

The solvent plays a key role in the activity and performance of the catalyst. In polar
protic solvent, substrates do not have a chance to come in contact with the catalyst.
Therefore, the presence of protic solvents gives a low yield of the product as compared
to aprotic solvents.

Here, we have observed promising results in dimethylformamide as a solvent over a
DTP/SiO, catalyst, which allowed us to further evaluate catalyst loading and-the results
are summarized in Table I, entries 6-9. The results reveal that 20 mole% of DTP/SiO;
catalyst loading is sufficient for the desired conversion. While in the case of 25 and
30 mole% DTP/SiO, loading did not show any considerable increase in the yield of
product (Table 1, entries 7 and 8). Under optimized conditions when the standard reac-
tion was performed in absence of DTP/SiO, there was a negligible conversion of reac-
tants to products after heating for 3-4 h (Table 1, entry 9).

This result encourages us to explore the methodology scope for the synthesis of qui-
noxalines from substituted phenacyl bromides and o-pheneylenediamines in optimized
reaction condition 20mole% of DTP/SiO, catalyst and dimethylformamide (DMF)
as solvent.

We have also investigated the recyclability of DTP/SiO; catalyst for the model reac-
tion of o-phenylenediamine (la) and phenacyl bromide (2a) in DMF solvent at 90°C
for 30 min and results were depicted in Figure 3.

DTP/SiO, catalyst was recovered simply by filtration and reused five times without
the loss of catalytic activity and the isolated yield of the product at the end of the 4th
recycle was much consistent in comparison with the fresh DTP/SiO, catalyst.

The plausible mechanism for the synthesis of quinaxoline as shown in Scheme 2,
involves the protonation of the carbonyl group of phenacyl bromide over the DTP/SIO,
indicated as A, later it reacts with o-pheneylenediamine involves the dehydration and
dehalogenation resulted in the formation of cyclic product B, which is readily oxidized
in air to form desired product C.

Conclusion

In conclusion, we have developed a mild, efficient, and environmentally benign syn-
thetic method for quinoxalines (3a-s) from substituted phenacyl bromides and o-phe-
neylenediamines using heterogeneous dodecatungastophosphoric acid (DTP/SiO,) as a
green and recyclable catalyst. The key feature of the protocol involves simple reaction
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The recyclability of DTP/SIO,
in the synthesis of
quinoxalines
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The catal}'bt was recovered several times without lo:,s of Latalytu autmty which mal\es
the process cost-effective.

Experimental
General procedure for the preparation of DTP/SiO;

DTP impregnate SiO, (20% DTP/SiO,) catalyst was prepared by an incipient wetness
technique.'*®! Firstly, 2 gm of dry dodecatungstophosphoric acid (DTP) was dissolved in
10ml of methanol. The solution was added in a small portion of 1 mL each time to the
silica with constant stirring with a glass rod properly. The solution was added at time
intervals of 2 min. Initially, on the addition of the DTP solution, silica was in a powdery
form but on complete addition, it formed a paste. The paste on further kneading for
20 min resulted in a free-flowing powder. The performed catalyst was dried at 120°C
for removal of water and other volatiles and subsequently calcinated at 285°C for 3 h.

General experimental procedure for the synthesis of quinoxalines

A mixture of phenacyl bromide (0.001 moles) and DTP/SiO, (20 mole%) was stirred in
10ml DMF solvent at room temperature for 5min. Then o-phenylenediamine
(0.001 moles) was added slowly and the resultant mixture was stirred for 10min at
room temperature and heated for a stipulated time. The completion of the reaction was
monitored by TLC. After completion of the reaction, the reaction mixture was diluted
with ethyl acetate (10ml) and the catalyst was recovered by filtration. The filtrate was
washed with aqueous NaHCO; and then with water followed by separation of aqueous
layer and organic layer. The organic layer is dried over anhydrous Na,SO, and concen-
trated in a vacuum to give the crude product. The crude product was purified by crys-
tallization using ethanol to atford the pure quinoxaline. The melting points of the
products isolated in this study were found to be in good agreement with those reported
in the literature.!*'~>°!

2-(4-Bromophenyl)quinoxaline (3d)

The compound (3d) was obtained by DTP/SIO; catalyzed reaction in between o-pheney-
lenediamine (la) and phenacyl bromide (2d) as pale yellow solid; yield 94%; mp
138-139°C; 'H NMR (300 MHz, CDCly) & (ppm): 7.76 (d, J=12Hz, 1H), 7.78 (s, 1H),
781 (d, J=3Hz, 2H), 8.08 (d, /=3 Hz, 1H), 8.13 (d, /=9Hz 3H), 930 (s, 1H); °C
NMR (75MHz, CDCl;) 6 (ppm): 125.14, 129.15, 129.32, 129.75, 129.97, 130.64, 132.51,
142.96, 150.81; HRMS (ESI") caled. for CHoBrN, (M + H)": 285.0024; found 285.0021.

2-(4-Chlorophenyl)-7-methylquinoxaline (30)

The compound (30) was obtained by DTP/SiO, catalyzed reaction in between o-pheney-
lenediamine (1b) and phenacyl bromide (2¢) as brown solid; yield 92%; mp 112-115°C;
'H NMR (300 MHz, CDCly) & (ppm): 2.61 (s, 3H, CHj;), 7.54 (d, ]=6Hz, 2H), 7.60
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(d, J=6Hz, 1H), 791 (d, J=9Hz, 1H), 8.03-8.15 (m, 3H, Ar-H), 9.25 (s, 1H); "’C
NMR (75 MHz, CDCL;) 6 (ppm): 22.03, 128.55, 128.77, 129.23, 129.49, 132.37, 132.95,
135.49, 141.21, 142.11, 14291, 149.93, 150.65 HRMS (ESI') caled. for C;sH,,CIN,
(M +H)": 255.0689; found 255.0684.

Full experimental detail, HRMS/MS, 'H and "*C NMR spectra. This material can be
found via the “Supplementary Content” section of this article’s webpage.
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Abstfact

Green protocols for the syntheses of 3,3'-arylidenebis-4-hydroxycoumarins and
dimethyl ((substituted phenyl) (phenylamino)methyl) phosphonates have been first
time developed using biocatalyst, CAL-B (lipase). These are carried at room tem-
perature under stirring and are convenient and cost effective. The developed proto-

cols are environmentally acceptable and are giving better to excellent yields of the
titled products.
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Introduction

~Coumarins and a-amino phosphonates are gaining more importance as some of
their derivatives have shown promising bioactivities. Coumarins are found nat-
urally in various plants and are members of a class of heterocyclic compounds
[1]. They are extensively employed as food and cosmetic additives [2], dye lasers
[3-5] and gain stabilizing medium. They are found to possess anticoagulant, anti-
biotic, antitumor, anti-HIV, antihypertensive, analgesic, anti-inflammatory and
anti-arrhythmia activities and are explored as precursor molecules in pharma-
ceutical industries [6—13]. Biscoumarins are vital organic compounds and have
received considerable attention because of their broad spectrum of biological and
interesting potential therapeutic activities. They often possess interesting phar-
macological properties and act as antitumor, antibacterial [3—-8], anticancer [9],
urease and a-glucosidase inhibitory [10, 11], antifungal [12], and antiprolifera-
tive [13] agents. Dicoumarol and taxolin combination enhances synergistic inhi-
bition of cell division of sea urchin embryos. These two compounds can be used
in combination in order to reduce the high toxicity of taxol.

The distinctive nature of bioactive organophosphorus compounds has estab-
lished their wide applicability in agricultural, medicinal, and industrial areas.
a-Aminophosphonates are structural analogs of natural amino acids. They are
considered as an important class of compounds with diverse and interesting bio-
logical activities [14-19]. Organophosphorus chemistry has provided valuable
materials with potential biological activities of medicinal importance, and such
products act as enzyme inhibitors [14], and are found to have HIV protease [15],
antibjotic [16], herbicidal, fungicidal, insecticidal [17], plant growth regulating
[18], antithrombotic [19], peptidases and proteases properties [20].

In view of these applications, several synthetic protocols have been reported
to synthesize these compounds. Biscoumarins usually synthesized by carrying
separately one-pot condensation of 4-hydroxycoumarins and aryl aldehydes in the
presence of one of the catalysts viz. glacial acetic acid [21], acetic acid anhy-
dride [22, 23], iodine [24], silica-supported sodium hydrogen sulfate and indion
190 resin in toluene [25], ionic liquids [26], silica-supported preyssler nanopar-
ticles [27], tetrabutyl ammonium bromide (TBAB) [28], microwave irradiation
with silica-gel support [21, 29, 30], dodecyl benzene sulfonic acid (DBSA)MW
[31], phospho sulfonic acid [32], CuO-CeO, nanocomposite [33], starch-sulfuric
acid [34], LTNPs [35], MgO-NPs [36], BiVO,-NPs [37], Si0,-OSO;H NPs [38],
P,VPy-CuO [39], magnetic nanoparticle catalyst TrB1/[Fe;0,@8Si0,@(CH,),-
ImSO;H]CI [40], IL@CNTs [41], Hnmp/ZnCl; [42], [Dabco-H][AcO] [43],
[TMG][Ac] [44], RHA-SO;H [45], KF-montmorillonite [46], and PS-Zn-anthra
complex [47], and Mn(pbdo),CL,/MCM-41 [48].

Mostly practiced synthetic route for obtaining a-amino organophosphonates
involves one-pot condensation of anilines, aryl aldehydes and di/trimethylphos-
phite. Efforts are also found to be directed to accelerate this condensation using
various catalysts viz. lanthamde triflate, scandium tris(dodecyl sulfate) [49],
samarium diiodide along with 4- A molecular sieves [50], heterogenous catalysts

@ Springer



CAL-B accelerated novel synthetic protacols for. .,

such as InCly [51], TaCl,-SiO, [52] (bromodimethyl) sulfonium bromide (93, copananis. -
LiCIO4 [54], montmorillonite KSF [55], ZrCl, [56], TiO, [57], alumina-sup-. :

ported reagents [58], ionic liquids [59], H3PW]2040 [60], Amberlite-IR120 [61], '
and oxalic acid [62]. Recently, a synthesis of a-amino phosphonates from ferro-
cene-1-carboxaldehyde, anilines and diethyl phosphite under neat condition, cata-
lyzed by KHSO, has been reported [63].

- The above referred synthetic protocols are having one or other kind of drawbacks.
These are not cost effective and need non-readily available and non-biodegradable
heterogeneous/homogeneous catalysts. It is also reviewed that a little attention
is found to be paid on the use of biocatalysts, particularly immobilized lipases to
accelerate the above condensations leading to the titled compounds. Biocatalysts/
enzymes are functional proteins and now a days they are used as safer and economic
catalysts for carrying organic transformations leading to biodynamic compounds.
Our group has explored the use of active Baker’s yeast as a whole cell source of
biocatalysts for carrying various cyclocondensations leading to biodynamic hetero-
cycles [64-72].

Recently some of the lipases are also found to be used as catalyst for carrying
cost effectively value-added organic transformations [73-79].

Lipases are employed for variety of reaction viz. esterifications [73], transes-
terifications [74], hydrolyses [75], Bayer-Villiger oxidations [76-78], and amida-
tions [79]. Biocatalytical promiscuity of lipases has also been reported. Lipases are
well explored as biocatalysts and do catalyze hydrolysis of water soluble carboxylic
esters, particularly triglycerides and phospholipids. Among lipases Candida Antar-
tica Lipase B has been used as a biocatalyst in its pure form is as a immobilized
CAL-B form to accelerate various organic reactions and biotransformations. Open
and closed structures of this lipase have been thoroughly established by Benjamine
et. al [80]. CAL-B is structurally similar to several other lipases and has a flexible
lid. It is made up of 317 amino acids and is a member of o/p hydrolase-fold family.
It consists of Serine, Hisdine, and Asparic/Glutamic catalytical triad and has sec-
ondary alcoholic binding pocket. Usually these active sites viz. Serine, Histidine,
Asparic/Glutamic amino acid residues participate to display catalytic behavior to
accelerate the rates of organic/ biotranformations [81]

Considering the dire need of establishing more convenient, cost-effective and
eco-friendly synthetic protocols for the titled compounds, and significance of lipases
as biocatalysts, here first time we have made an attempt to develop such synthetic
protocols by carrying separately the above condensations in the presence of immo-
bilized lipase, CAL-B, for obtaining the titled products 3,3’-arylidenebis-4-hydrox-
ycoumarins and dimethyl ((substituted phenyl) (phenylamino)methyl) phosphonates
conveniently and cost effectively.

Experimental

All the chemicals used were of laboratory grade. Lipase B Candida Antarctica
immobilized on immobead 150 recombinant from yeast is procured from Sigma
Alrich. Melting points of all the synthesized compounds were determined in open
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=Avance 300 spectrometer operating at 400 MHz using DMSO-dj; solvent and tetra-
4 *" methylsilane (TMS) as the internal standard and chemical shift in & ppm.'3C NMR
spectra were recorded on Bruker Avance 75 MHz on Jeol. The purity of each com-
pound was checked by TLC using silica-gel, 60F,s, aluminum sheets as adsorbent
and visualization was accomplished by iodine/ultraviolet light.

%
ST

Synthesis of 3,3’-(Phenylmethylene)bis(4-hydroxy-2H-chromen-2-one) (3a)

Lipase, CAL-B (100 mg) was added to the reaction flask, containing ethanol
(15 ml). Then, a mixture of benzaldehyde (1 gm/9.4 mmol) (1a) and 4-hydroxy cou-
marin (3.1 gm/18.8 mmol) (2) was added to the flask, and the whole reaction mass
was stirred at rt. The progress of reaction was monitored by TLC using ethyl acetate:
pet ether (2:8) as eluent. After stirring for 9 h, then ethyl acetate (310 ml) was
added to the reaction mass and then stirred at room temperature for 10 min. and then
filtered through Whatman paper. The solid residue remained on filter paper was fur-
ther washed with 10 ml ethyl acetate. The obtained solid residue, CAL-B was dried
and reused as a biocatalyst. Then, ethyl acetate and ethanol were removed from the
collected filtrate under vacuum, and obtained crude residue remained was then crys-
tallized using ethanol.

Similarly other derivatives of the series are prepared. The melting points and the
isolated yields of the derivatives are recorded in Table 3. Melting points and spectral
data of the 3,3"-arylidenebis-4-hydroxycoumarins (3a-l) are in good agreement with
those reported in the literature [2, 15].

The scan copies of spectra of 3a are submitted herewith as a representative of the
series (3a-l).

Synthesis of Dimethyl (phenyl(phenylamino)methyl)phosphonate (6a)

Benzaldehyde (0.5 gm/4.7 mmol) (1a) and aniline (0.438 gm/4.7 mmol) (4) were
dissolved in acetonitrile (7 ml), and then solution was stirred for few minutes. Then,
trimethylphosphite (0.585 gm/4.7 mmol) (5) and CAL-B, lipase (50 mg) were added
to the solution and then reaction mixture was stirred at room temperature. Progress
of reaction was monitored by TLC. After 40 min, water (10 ml) and ethyl acetate
(30 ml) were added into the reaction mass and it was then stirred for 15 min and
filtered. The residue recovered, CAL-B was dried and reused. The ethyl acetate
layer was separated from filtrates and washed with water, and dried over anhy-
drous Na,SO,. The solvent ethyl acetate was removed under reduced pressure and
obtained diethyl (phenyl(phenylamino)methyl) phosphonates (6a). The obtained
crude products were then crystalized using ethanol. Similarly other derivatives of
the series were prepared (6a-k). Melting points and isolated yields of the deriva-
tives are recorded in Table 4. The identity of the products was confirmed by 'H and
13C NMR, and HRMS, The spectral data in good agreement in those reported in the
literature [82, 83].

Scan copies of spectra of 6b are provided as a representative of the series (6a-k).
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Spectral data of compounds (3a-I)

3’-(Phenylmethylene)bis(4-hydroxy—2H-chromen-2-one) (3a)

'H NMR (DMSO-d;, 300 MHz, & ppm): 6.34 (s, 1H, —CH), 7.09-7.89 (m, 13H,
Ar-H), 12.52 (s, 2H, 20H)."’C NMR (DMSO-dj, 75 MHz, & ppm): 35.97, 91.01.
104.17, 115.80, 115.98, 116.35, 117.81, 123.19, 123.79, 123.90, 125.61, 126.71.
128.09, 128.54, 129.25, 131.95, 132.67, 132.82, 139.76, 152.20, 153.52, 161.88,

164.87, 165.17, 165.63. HRMS (ESI*): (M+H)" calculated 413.1025, observed
413.1028.

3'-((4-Methoxyphenyl)methylene)bis(4-hydroxy-2H-chromen-2—one) (3b)

'H NMR (DMSO-dj, 300 MHz, § ppm): 3.84 (s, 3H, OCHj,), 6.24 (s, 1H, —CH),
7.02-7.18 (m, 8H, Ar-H), 7.34-7.76 (m, 4H, Ar-H), 12.22 (s, 2H, 20H).°C
NMR (DMSO-dy, 75 MHz, 8 ppm): 35.77, 56.98, 91.11, 104.23, 115.84, 115.58,
116.21, 117.68, 123.08, 123.56, 123.87, 125.48, 126.64, 128.01, 128.34, 129.15,
131.65, 132.57, 132.76, 139.45, 152.19, 153.34, 161.56, 164.45, 165.07. 165.52.
HRMS (EST*): (M +H)* calculated 443.1131, observed 443.1029.

3’-(Tolylmethylene)bis(4-hydroxy-ZH-chromen-Z-one) (3¢c)

'H NMR (CDCl;, 300 MHz, § ppm): 2.33 (s, 3H, CH,), 6.06 (s, 1H,
—-CH), 7.08-8.05 (m, 12H, Ar-H), 11.30-11.49 (d, 2H, 20H)."*C NMR (CDCl,,
75 MHz, & ppm): 21.17, 36.08, 104.29, 105.96, 116.82, 124.58, 125.04, 126.57,
129.53, 132.25, 132.98, 136.67, 152.71, 164.75, 165.89, 167.04, 169.51. HRMS
(ESI"): M +H)™" calculated 427.1 181, observed 427.1172.

3’-((4-Hydroxyphenyl)methylene)bis(4—hydroxy-2H-chromen-2-one) (3d)

'H NMR (DMSO-dg, 300 MHz, & ppm): 4.98 (s, 1H, OH), 6.25 (s, 1H, -CH),
6.96-7.24 (m, 8H, Ar-H), 7.27-7.66 (m, 4H, Ar-H), 12.32 (s, 2H, 20H)."3C
NMR (DMSO-d,, 75 MHz, § ppm): 35.54, 91.32, 105.87, 115.65, 116.01, 116.37,
117.58, 121.47, 123.21, 123.87, 124.76, 126.65, 128.78, 128.92, 129.47, 131.49,
132.02, 132.94, 138.19, 152.45,153.69, 161.08, 164.56, 165.69, 165.40. HRMS
(ESI"): M +H)™" calculated 429.0974, observed 429.0832.

3’-((3-Bromophenyl)methylene)bis(4-hydroxy-2H-chromen-z-one) (3e)

'H NMR (DMSO-d;, 300 MHz, & ppm): 6.4 (s, 1H, —CH), 7.18-7 42 (m, 8H,
Ar-H), 7.55-8.06 (m, 4H, Ar-H), 12.67 (s, 2H, 20H).>*C NMR (DMSO-d,,
75 MHz, & ppm):36.02, 90.98, 104.64, 115.36, 115.57, 116.39, 117.65, 123.56,
123.83, 123.34, 125.46, 126.59, 127.54, 128.21, 129.49, 131.43, 132.78. 132.28,
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139.54, 152.76, 153.21, 161.78, 164.23, 165.27, 165.57. HRMS (ESI*): M +H)*
calculated 491.0130, observed 491.0028.

3'-((4-Fluorophenyl)methylene)bis(4-hydroxy-2H-chromen-2-one) (3f)

'H NMR (CDCl;, 300 MHz, & ppm): 6.05 (s, 1H, -CH), 6.98-8.07 (m, 12H, Ar-H),
11.32-11.52 (d, 2H, 20H).!3C NMR (CDCl,;, 75 MHz, 6 ppm): 35.87, 104.14,
105.68, 115.59, 115.81, 116.58, 116.85, 117.06, 124.60, 125.15, 128.32, 128.40,
131.02, 131.05, 133.17, 152.49, 152.73, 160.69, 163.14, 164.80, 166.08, 167.02,
169.40. HRMS (ESI*): M +H)" calculated 431.0931, observed 431.0924.

3'-((4-Trifluromethylphenyl)methylene)bis(4-hydroxy-2H-chromen-2-one) (3 g)

'H NMR (DMSO-d4, 300 MHz, & ppm):6.19 (s, 1H, -CH), 7.03-7.22 (m, 8H,
Ar-H), 7.33-7.66 (m, 4H, Ar-H), 12.25 (s, 2H, 20H).'*C NMR (DMSO-d,
75 MHz, & ppm): 35.95, 91.09, 104.51, 115.46, 115.87, 116.89, 117.03, 123.36,
123.62, 123.89, 124.67, 126.56, 128.87, 128.87, 129.32, 130.76, 132.45, 132.76,
139.32, 152.48, 153.92, 161.23, 164.74, 166.37, 168.89. HRMS (ESI*): M +H)*
calculated 481.0899, observed 481.0835.

3'-((4-Trifluromethoxyphenyl)methylene)bis(4-hydroxy-2H-chromen-2-one) (3 h)

'H NMR (DMSO-dg, 300 MHz, & ppm):6.21 (s, 1H, -CH), 7.02-7.17 (m, 8H,
Ar-H), 7.31-7.77 (m, 4H, Ar-H), 12.24 (s, 2H, 20H).13C NMR (DMSO-dg,
75 MHz, & ppm): 35.95, 91.76, 104.56, 115.43, 115.84, 116.65, 117.65, 123.20,
123.78, 123.87, 125.65, 126.52, 128.23, 128.34, 129.76, 131.65, 132.45, 132.79,
139.98, 152.56, 153.46, 161.72, 164.81, 165.63, 166.89. HRMS (ESI*): M +H)*
calculated 497.0848, observed 497.0876.

3'-((4-Dimethylaminophenyl)methylene)bis(4-hydroxy-2H-chromen-2-one) (3i)

'H NMR (DMSO-dg, 300 MHz, & ppm):3.09 (s, 6H, CH;), 6.42 (s, 1H, -CH),
7.01-7.28 (m, 8H, Ar-H), 7.33-7.76 (m, 4H, Ar-H), 12.42 (s, 2H, 20H).!*C NMR
(DMSO-d,, 75 MHz, & ppm): 35.89, 50.23, 90.97, 105.52, 115.67, 116.21, 116.67,
117.38, 121.57, 123.50, 123.81, 125.42, 126.68, 128.39, 128.64, 129.78, 130.37,
132.49, 132.75, 139.59, 152.17, 153.72, 161.81, 163.78, 165.76, 167.41. HRMS
(ESIY): (M +H)*calculated 456.1447, observed 456.1356.

3'-((4-Nitrophenyl)methylene)bis(4-hydroxy-2H-chromen-2-one)  (3j) 'H NMR
(CDCl;, 300 MHz, 8 ppm):6.12 (s, 1H, -CH), 7.26-8.20 (m, 12H, Ar-H), 11.35-
11.56 (d, 2H, 20H)."*C NMR (CDCl,, 75 MHz, & ppm): 36.72, 103.47, 104.96,
116.43, 116.92, 116.99, 124.05, 124.69, 125.34, 125.40,127.76, 133.54, 143.55,
147.09, 152.52, 152.77, 165.01, 166.60, 167.17, 169.28. HRMS (ESI*): (M +H)*
calculated 458.0876, observed 458.0882.

@ Springer



CAL-B accelerated novel synthetic protocols for. ..

3’-((4-Chlorophenyl)methylene)bis(4—hydroxy-2H-chromen-2-one) 3 k 'H
(DMSO-dg, 300 MHz, & ppm):6.34 (s, 1H, ~CH), 7.29-7.45 (m, 8H, Ar-H), 7.54-7.99
(m, 4H, Ar-H), 12.57 (s, 2H, 20H)."3C NMR (DMSO-dy, 75 MHz, & ppm):35.87,
91.56, 112.43, 115.53, 115.86, 116.71, 117.63, 123.58, 123.17, 123.49, 125.18, 126.53,
12827, 128.83, 129.54, 131.76, 132.38, 132.76, 139.42,152.45, 153.76, 161.98, 164.56,
165.37, 166.37. HRMS (EST*): (M+H)* calculated 447 0635, observed 447.0658.

3’-((2-Bromophenyl)methylene)bis(4-hydroxy—2H-chromen-z-one) 3 )'H NMR
(DMSO-dg, 300 MHz, § ppm): 6.44 (s, 1H, -CH), 7.21-7.45 (m, 8H, Ar-H), 7.52-8.06
(m, 4H, Ar-H), 12.67 (s, 2H, 20H)."*C NMR (DMSO-dg, 75 MHz, § ppm): 35.92,
91.12,104.43, 114.64, 115.79, 115.96, 116.91, 122.97, 123.45, 123.68, 124.89, 125.65,
128.76, 128.23, 129.45, 130.65, 131.32, 132.58, 139.71, 152.42,153.64, 161.86, 164.09,
165.18, 165.45. HRMS (ESI*): (M +H)* calculated 491.0130, observed 491.0028.

Spectral data of compounds (6a-k)
Dimethyl ((4-methoxyphenyl)(phenylamino)methyl)phosphonate (6b)

'"H NMR (CDCl,, 400 MHz, & ppm):3.50 (s, 3H, ~OCH;), 3.74 (s, 3H, ~OCH,), 3.77
(8, 3H, -OCHy), 4.72 (s, 1H, -CH), 4.79 (s, 1H, -NH), 6.58-7.40 (m, 9H, Ar-H)."3C
NMR (CDCl;, 100 MHz, & ppm): 53.93, 54.00, 54.45, 55.97, 114.12, 114.39, 114.41,
118.72, 127.54, 127.57, 129.09, 129.14, 129.37, 146.24, 146.39, 159.62. HRMS
(ESI*): (M +H)™ calculated 322.1208, observed 322.1205.

Dimethyl (phenyl(phenylamino)methyl)phosphonate (6a)

'H NMR (CDCL,;, 400 MHz, & ppm): 3.46 (s, 3H, ~OCH,), 3.75 (s, 3H, ~OCH,),
4.67-4.71 (d, 1H, -CH), 4.78 (s, 1H, -NH), 6.59-7.49 (m, 10H, Ar-H)."*C NMR
(CDCl;, 100 MHz, & ppm): 54.05, 55.14, 56.64, 114.09, 118.76, 127.98, 128.03,
12829, 128.92, 129.40, 133.19, 135.78, 135.80, 146.21, 146.36. HRMS (ESI*):
(M+H)* calculated, 292.1102, observed, 292.1068.

Dimethyl (4-tolyl)(phenylamino)methyl)phosphonate (6¢)

'H NMR (CDCl,, 400 MHz, & PPm):2.65 (s, 3H, -CH,), 3.53 (s, 3H, ~OCH,), 3.78
(s, 3H, -OCHy), 4.77 (s, 1H, ~CH), 4.84 (s, 1H, -NH), 6.46—7.71 (m, 9H, Ar-H)."*C
NMR (CDCls, 100 MHz, § ppm): 23.59, 54.08, 55.32, 56.62, 115.62, 118.76, 127.87,
128.52, 128.86, 128.92, 128.97, 129.42, 130.18, 135.67, 146.38, 146.84. HRMS
(ESIY): (M+H)* calculated, 306.1259, observed, 306.1168.

Dimethyl (4—hydroxyphenyl)(phenylamino)methyl)phosphonate (6d)
'H NMR (CDCl, 400 MHz, & ppm): 3.44 (s, 3H, -OCH,), 3.73 (s, 3H, ~OCH,),

4.79-4.86 (d, 1H, ~CH), 4.91 (s, 1H, -NH), 5.46 (s, 1H, OH), 6.61-7.52 (m, 9H,
Ar-H).3C NMR (CDCl;, 100 MHz, & ppm): 53.97, 54.34, 56.74, 114.67, 118.59,
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0',‘ Q;’*-"‘ 127 242 128.74, 128.78, 129.32, 129.69, 130.53, 133.67, 135.39, 135.47, 146.98.

’\\h.HRMé (EST*): (M +H)* calculated, 308.1051, observed, 308.0682.

-.

Dlmethyl (3-Bromophenyl)(phenylamino)methyl)phosphonate (6e)

'H NMR (CDCl;, 400 MHz, & ppm):3.43 (s, 3H, -OCH,), 3.78 (s, 3H, -OCH,),
4.77-4.83 (d, 1H, —-CH), 4.87 (s, 1H, -NH), 6.67-7.72 (m, 9H, Ar-H).>*C NMR
(CDCl;, 100 MHz, & ppm): 53.89, 54.23, 56.16, 114.67, 118.24, 127.82, 128.59,
128.12, 128.87, 128.36, 128.58,128.69, 135.86, 135.59, 146.79. HRMS (ESI*"):
(M +H)* calculated, 370.0207, observed, 370.0158.

Dimethyl (4-Flurophenyl)(phenylamino)methyl)phosphonate (6f)

'"H NMR (CDCl;, 400 MHz, & ppm):3.28 (s, 3H, -OCHs;), 3.46 (s, 3H, —OCHy),
4.38-4.73 (d, 1H, —CH), 4.86 (s, 1H, -NH), 6.98-7.53 (m, 9H, Ar-H)."’C NMR
(CDCl,;, 100 MHz, & ppm): 54.01, 55.39, 56.57, 115.37, 118.68, 127.38, 128.72,
128.49, 128.42, 128.58, 130.27, 135.46, 135.72, 146.35, 146.64. HRMS (ESI*):
(M +H)" calculated, 310.1008, observed, 310.1068.

Dimethyl ((phenylamino)(4-(trifluoromethyl)phenyl)methyl)phosphonate (6g)

'H NMR (CDCl,, 400 MHz, & ppm):3.55 (s, 3H, -OCHj), 3.77 (s, 3H, OCH,),
4.83 (s, 1H, -CH), 4.89 (s, 1H, -NH), 6.55-6.75 (m, 5H, Ar-H), 7.10-7.62 (m, 4H,
Ar-H).!3C NMR (CDCl;, 100 MHz, & ppm): 53.96, 54.96, 56.45, 114.04, 119.20,
120.13, 122.84, 125.88, 125.91, 128.33, 129.53, 130.61, 130.96, 140.27, 145.80,
145.94. HRMS (ESI"): M +H)* calculated, 360.0976, observed, 360.0976.

Dimethyl ((phenylamino)(4-(trifluoromethoxy)phenyl)methyl)phosphonate (6h)

'H NMR (CDCI3, 400 MHz, 6 ppm): 3.53 (s, 3H, OCH,), 3.71 (s, 3H, OCH,),
4.78 (s, 1H, -CH), 4.83 (s, 1H, -NH), 6.56-7.26 (m, 5H, Ar-H), 7.49-7.52 (d, 4H,
Ar-H)."3C NMR (CDCl,,100 MHz, & ppm):53.93, 54.51, 56.02, 114.03, 119.09,
119.34, 121.33, 121.90, 129.33, 129.39, 129.51, 134.61, 134.64, 145.90, 146.04,
149.17. HRMS (ESI"): M +H)* calculated 376.0925, observed 376.0921.

Dimethyl ((4-(dimethylamino)phenyl)(phenylamino)methyl)phosphonate (6i)

'H NMR (CDCl;, 400 MHz, § ppm): 3.46 (s, 3H, OCH;), 3.75 (s, 3H, OCH,),
4.77-4.83 (d, 1H, -CH), 6.59-7.49 (m, 10H, Ar—H).">*C NMR (CDCl,, 100 MHz,
S ppm): 43.69, 54.02, 55.37, 56.76, 114.13, 118.47, 127.78, 128.43, 128.57, 128.73,
128.85, 129.29, 133.45, 135.76, 146.27, 146.69. HRMS (ESI*): (M+H)" calcu-
lated, 335.1524, observed, 335.1481.

Dimethyl (4-nitrophenyl)(phenylamino)methyl)phosphonate (6j) 'H NMR (CDCl,,
400 MHz, 6 ppm): 3.48 (s, 3H, OCH;), 3.65 (s, 3H, OCH;), 4.69 (s, 1H, —CH),
4.86 (s, 1H, -NH), 6.98-7.76 (m, 9H, Ar—H).”C NMR (CDCl;, 100 MHz, & ppm):
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53.72,54.21, 56.73, 114.64, 118.86, 127.46, 128.38, 128.57, 128.38, 128.48, 129.
130.53, 135.49, 146.54, 146.38. HRMS (ESIH): (M+H)* calculated, 337.092
observed, 337.0798.

Dimethyl (4-chlorophenyl)(phenylamino)methyl)phosphonate (6k) '"H NMR
(CDCl;, 400 MHz, & ppm): 3.52 (s, 3H, -OCH,), 3.69 (s, 3H, -OCHS,), 4.71 (s, 1H,
-CH), 4.82 (s, 1H, -NH), 6.75-7.89 (m, 9H, Ar-H)."*C NMR (CDCl;, 100 MHz,
O ppm): 53.99, 54.08, 56.64, 114.53, 118.65, 127.81, 128.49, 128.85, 128.97,
129.13, 129.67, 130.82, 135.58, 146.79, 146.93. HRMS (ESI*): (M+H)* calculated,
326.0713, observed, 326.0687.

Results and discussion

In view to, optimize reaction conditions, we separately carried the condensa-
tions,of a) benzaldehyde (1a) (1 gm/9.4 mmol), and 4-hydroxy coumarin (2) (3.1
gm/18.8 mmol), and b) benzaldehyde (1a), (0.5 gm/4.7 mmol), aniline (4) (0.438
gm/4.7 mmol), and trimethyl phosphite (5) (0.584 gm/4.7 mmol) as model reactions
in the presence of CAL-B for obtaining 3,3'-((Phenyl)mcthylene)bis(4-hydroxy—2H-
chromen-2-one) (3a) and dimethyl (phenyl(phenylamjno)methyl)phosphonate (6a),

Table 1 Effect of different reaction conditions on the isolated yields of 3,3 -((phenyl)methylene)bis(4-
hydroxy-2H-chromen-2-one) (3a)*

Entry Solvent Temp (°C) Lipase(mg) Time (h) Yield (%)
1 MeOH RT 100 9 82
2. MeCN RT 100 9 64

3 DCM RT 100 9 56

4 DMF RT 100 9 59

5 1,4-Dioxane RT 100 9 67

6 H,0 RT 100 9 78

7 EtOH RT 100 9 88

8 EtOH RT 0 Even after 36 Trace
9 EtOH RT 25 9 66

10 EtOH RT 50 9 77

11 EtOH RT 75 9 80

12 EtOH RT 100 9 88

13 EtOH 40 100 9 91

14 EtOH 45 100 9 88

15 EtOH 50 100 9 920

After optimization, by varrying solvents, reaction temperature and amount of catalyst the best one were
chosen for conducting the condensations are represented in bold form

*Reaction conditions: Benzaldehyde (9.4 mmol) (1a), 4-hydroxy coumarin (18.8 mmol) (2) in solvent
(15 ml)
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e ‘_.,.—methyl)phosphonate (6a)*

Entry Solvent Temp (°C) Lipase(mg) Time (min) Yield (%)
1 Neat condition RT 50 35 82

2 EtOH RT 50 35 79

3 MeOH RT 50 35 74

4 MeCN RT 50 35 89

5 DCM RT 50 25 56

6 DMF RT 50 35 59

7 H,0 RT 50 35 68

8 MeCN RT 0 120 Trace
9 MeCN RT 25 35 89

10 MeCN RT 50 35 89

11 MeCN RT 75 35 90

12 MeCN 40 50 35 89

13 MeCN 45 50 35 90

14 MeCN 50 50 35 89

After optimization, by varrying solvents, reaction temperature and amount of catalyst the best one were
chosen for conducting the condensations are represented in bold form

*Reaction conditions: Benzaldehyde (4.7 mmol), aniline (4.7 mmol), trimethyl phosphite (4.7 mmol), in
solvents (7 ml)

respectively, by varying the amounts of CAL-B, reaction temperature and solvents
and the observed results are incorporated in Tables 1 and 2.

It was observed (Table 1) that a model reaction when carried using benzaldehyde
(1a) (1 gm/9.4 mmol), and 4-hydroxy coumarin (2) (3.1 gm/18.8 mmol), in ethanol
(15 ml) in the presence of CAL-B (100 mg) at room temperature gave 90% yield
within 9 h and hence considered these reaction conditions as optimal conditions
for conducting the condensation. It was also noted (Table 2) that the other multi-
component reaction when performed using benzaldehyde (1a), (500 mg/4.7 mmol),
aniline (4) (0.438 gm/4.7 mmol), and trimethyl phosphite (5) (0.585 gm/4.7 mmol)
in acetonitrile (7 ml) in the presence of CAL-B at room temperature gave dime-
thyl (phenyl(phenylamino)methyl)phosphonate (6a) with 89% yield within 35 min.
These reaction conditions are chosen as optimal conditions for this kind of con-
densation reaction for getting 6a—k. It was also observed that the CAL-B retained
its potential catalytic activity even after its first use and found to be reusable. The
details of its isolation and reuse have been incorporated in experimental procedure.

With these inspiring observations, we carried the synthesis of substituted
3,3’-arylidenebis-4-hydroxycoumarins (3a-1) (Scheme 1) and dimethyl ((substituted
phenyl) (phenylamino)methyl) phosphonates (6a-k) (Scheme 2) using the above-
optimized conditions and obtained better to excellent yields of the titled products.
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)
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Scheme 1 Synthesis of substituted 3,3"-arylidenebis-4-hydroxycoumarins (3a-1)
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‘\ . eV p-ONe MeO_S OMe
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S OMe

=]
R (5) pase N J\NHO
{1a-5) NH, CH4CN, rt ,

©/ R (6a-k)

4)

Scheme 2 Synthesis of dimethyl ((substituted phenyl) (phenylamino)methyl) phosphonates (6a-k)

Table 3 Physical data of

substituted 3,3’-arylidenebis-4- Entry i R bl MR Py

hydroxycoumarins (3a-1)* 1 3a H 88 276-277
2 3b 4-OMe 90 234-235
3 3c 4-Me 87 266-268
4 3d 4-OH 88 255-257
5 3e 3-Br 79 225-228
6 3f 4-F 89 215-218
7 3g 4-CF, 90 227-229
8 3h 4-OCF; 86 265-267
2 3i 4-NMe, 87 243-244
10 3j 4-NO, 88 237-239
11 3k 4-Cl 88 289-290
12 31 2-Br 88 239-241

*Reaction conditions: Substituted benzaldehydes (9.4 mmol) (1a-l),
4-hydroxy coumarin (18.8 mmol) (2), Lipase (100 mg) in ethanol
(10 ml) at room temperature for 9 h

®Isolated yields

‘Melting points are in good agreement with those reported in the lit-
erature [2, 15]
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: ] . Entry Compound R Yield® (%) M.P. (°C)¢
, dimethyl ((substituted phenyl)
720 .;-_-.""'('ptrleﬁylamino)mcthyl) | i H 89 89-9]
<. ... phosphonates (6a-k)* 3 6b 4-OCH, - 130143
3 6c 4-CH,4 87 59-61
) 6d 4-OH 78 93-95
5 6e 3-Br 83 63-65
6 6f 4-F 91 134-136
7 6g 4-CF, 93 110-112
8 6h 4-OCF; 88 8082
9 6i 4-NMe, 86 123-125
10 6j 4-NO, 78 112-114
11 6k 4-Cl 92 58-60

“Reaction conditions: Substituted benzaldehyde (4.7 mmol), Aniline
(4.7 mmol), trimethyl phosphite (4.7 mmol), Lipase (50 mg) in ace-
tonitrile (7 ml),stirred at room temperature for 35 min

bIsolated yield

“Melting points are in good agreement with those reported in the lit-
erature [82, 83]

Physical data are summarized in Tables 3 and 4. All the synthesized compounds are
known/reported and their physical constants and spectral data are in good agreement
with those reported in the literature [2, 15, 82, 83].

It seems from the results recorded in Tables 1 and 2 that the condensations under
reference are not found to be run satisfactorily in the absence of CAL-B, lipase and
it is also observed that in the presence of lipase both the type of condensation are
found to undergo rapidly, yielding reaction products at rt with better to excellent
yields. Therefore, it is confirmed that lipase is displaying its catalytic role in both the
condensations through the active amino acid residues. The plausible mechanism of
these two types of condensations leading to titled products 3,3'-arylidenebis-4-hy-
droxycoumarins and dimethyl ((substituted phenyl) (phenylamino)methyl) phospho-
nates in presence of CAL-B has been depicted in Schemes 3 and 4.

Efficient recovery and reusability of the catalyst are the valuable advantages in
modern catalysis research and green chemistry. In this respect, the recovery and
reusability of CAL-B were investigated for the model reactions. Consequently, the
model reactions were performed. After completion of reaction, ethyl acetate was
added in the reaction mixture and CAL-B was easily separated from the product by
simple filtration. The obtained solid residue, CAL-B was washed with ethyl acetate
and reused for next three consecutive cycles for the synthesis of 3a. As shown in the
recyclability graph of catalytic efficiency of CAL-B, the isolated yields were almost
similar until the third recycling (Fig. 1). Only a slight decrease in the yield of the
desired product 3a, was noticed.
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i ©
Asp ~H 0 Ar H
HOY (1a) o\
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Knoveneagel condensation

Michael addition
-H,0

(3a)

Scheme 3 Plausible mechanism for the synthesis of 3,3’-(Phenylmethylene)bis(4-hydroxy-2H-chromen-
2-one) (3a)

Conclusion

First time an environmentally accepted, versatile, and efficient CAL-B catalyzed syn-
thetic protocols have been developed for obtaining high yields of the 3,3"-arylidene
bis-4-hydroxycoumarins and diethyl(phenyl (phenylamino)methyl) phosphonates.
Catalyst lipase, CAL-B used here is biodegradable and cost-effective. These con-
densations leading to the title products, 3,3"-arylidene bis-4-hydroxycoumarins and
diethyl(phenyl (phenylamino)methyl) phosphonates occur at room temperature in
ethanol and in acetonitrile, respectively. Thus, we have opened up a new possibility
for the synthesis of various heterocycles derivatives using CAL-B as catalyst. The
protocols have nontedious workup in conducting and isolation of the products.
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Aspartic anion

b

0
P i
i) :
MeO. Me

[
(6a) oJ (1

Scheme 4 Plausible mechanism for the synthesis of Dimethyl (phenyl(phenylamino)methyl)phosphonate
6a)

92
91 91
92 90

90 88

88 86 86
86
84 82
82
80
78

76
Native RUN | RUNII RUN Il

i Yield (%) 3a # Catalyst recovery
Fig. 1 Recycle and recovery of CAL-Band its effect on yield of (3a)
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ABSTRACT

During a period of two years total number of 2530
samples was examined. 908 of these were positive for coccidial
infection, the percentage of prevalence being about
35.88%.During thepresent study seven species of Eimeria are
found in  broiler chicken. These areEimeriatenella,
Eimerianecatrix, Eimeria maxima, Eimeriabrunette,
Eimeriaacervuling, Eimeria praecox and Eimeriamitis.

KEYWORDS : Coccidiosis, Eimeria, Oocysts, Broiler
chicken,Eimeria species.

INTRODUCTION

The coccidia consist of a wide variety of single-celled, parasitic animals in the subkingdom Pro-
tozoa of the phylum Apicomplexa. As a group, the coccidia of the genus Eimeria

arehost-specific i.e. each species occurs in a single host species or a group of closely related
hosts. Infection by coccidia in sufficient numbers to pro-duce clinical manifestations of disease.A light
infection that does not result in demonstrable clinical effects. The species of coccidia in the chicken
belongtothegems Elimieria.

The largest genus, and may be the most specious genus of all animal genera, Coccidia have a
complex life cycle and other unusual characteristics which have stimulated investigations that includes
various species responsible for the disease coccidiosis. These species cause pathological damage and
mortality in poultry, cattle, sheep, goat, pig, rabbit and other animals. The genus Eimeria Schneider,
1975, with more than 1400 species by increasing number of biologists.

The coccidia have enhanced medical as well as veterinary and general biological importance.

MATERIAL AND METHODS

The material for the study of coccidia of chicken was obtained from various slaughter houses as
well as from different fields in and around Osmanabad district (M.S). The different parts of alimentary
canal of slaughterd chicken were examined.

The faecal contents were diluted with distill water and sieved to remove the large faecal debris,
After repeated washing the oocysts were concentrated by centrifugation at 3000 rpm for 10 minutes.
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The oocysts were then spread out in shallow Petri dishes and covered with 2.5% solution of potassium
dichromate for sporulation.

OBSERVATION AND RESULTS

During the present study seven species of Eimeriaare found in Broiler chicken. The commonest
was Eimeriatenella, it was found in 270 of 908 positive samples, showing a prevalence of 29.73% of
the positive samples and 10.67% of the total samples examined.

Eimerianecatrix was the second common species found in 159 out of 908 positive samples
representing 17.51% of the positive samples and 06.28% of the total samples examined. Eimeria
maxima was the third species found 134 out 908 positive samples representing 14.75% of the positive
samples and 05.29% of the total samples. Eiterfabrunett! was the fourth found 105 out of 908
positive samples representing 11.56% of the positive and 04.15% of the total samples examined.
Eimeriaacervulina was the fifth found in 100 out of 908 positive samples, representing 11.01% of the
positive samples 03.95% of the total samples. Eimeria praecox was the sixth species found in 93 out of
908 positive samples, representing 10.24% of the positive samples and 03.67% of the total sample
examined.

Eimerlamitls was the Seventh species found 47 out of 908 positive samples representing
05.17% of positive samples and 01.85 % of total samples examined.

Table and fig.No.1
Shows species composition and % prevalence of Eimeria species in Broiler chicken in
Osmanabad district during a period of two years i.e. from February 2015 to January 2017.

Sr.No Species with total no. of Percentage of Prevalence
positive samples o e
Speci Numb ¥ 1 Total § 3000% B
pecies umber ve. samples Sanﬂlll[es -5 2500% .
- ’ S 20.00%
2 15.00% —
2530 o s
Vo | Brenelta 270 29.73% 10.67% % 10.00% 3z —  mSeriesi
2. | E-necarrix 159 1751 % 06.28% ®  5.00% 4 o
. 1es.
3. | E-maxima 134 14.75% 05.29% HL00%
" X g E o 5 0
4. | E-brunemi 105 11.56% 04.15% TEEDES E
= % E S
5. | E-acervulina 100 11.01% 03.55% SE R I8
W § ELS g a
6. | E-praecox 93 10.24% 3.67% w8y
7. | Eemitds 47 5.17% 01.83% =
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ABSTRACT

Present work deals with the assessment of physico chemical parameters of water samples of Khanapur Water
reservoir at different selected sites in the year July 2019 - June 2020. The water sample were collected were
analyzed, as per standard methods parameters such as Temperature, pH, EC, Turbidity were measured in situ.
Correlation coefficients were calculated between different pairs of parameters to identify the positive and
negatively correlated parameters was applied for checking significance. Correlation coefficient showed high
significant positive and negative relationship (p< 0.01 level) and also show significant positive and negative
relationship (p<0.05 level) in different pairs of parameters.

Keywords: Correlation coefficient; physico chemical parameters; Khanapur Water reservoir; India.

1. INTRODUCTION

Water being a universal solvent has been and is being
utilized by mankind time and now of the total amount
of global water, only 2.4% is distributed on the main
land, of which only a small portion can be utilized as

fresh water Divya and Deepak S [1].

In the ponds, river and ground water used for
domestic and agricultural purposes. The quality of
water may be described according to their physico
chemical and micro-biological characteristics. For
effective maintenance of water quality through
appropriate control measures, continuous monitoring
of large number of quality parameters is essential.

*Corresponding author: Email: swatijadhav27@gmail.com;



However it is very difficult and laborious task for
regular monitoring of all the parameters even if
adequate manpower and laboratory facilities are
available. Therefore, in recent years an alternative
approach based on statistical correlation, has been
used to develop mathematical relationship for
comparison of physico chemical parameters, Mayur
(2007); Garge [2]; Mitali [3], Navneet [4], Patil [5],
Madhulekha (2017).

2. MATERIALS AND METHODS

The water samples were collected from Khanapur
Water reservoir from four different sites for the year
July 2019 - June 2020.. The selected sampling site is
denoted by Site A, Site B, Site C, Site D respectively,
the physical parameter such as temperature was
recorded by using mercury thermometer. The pH of
water was determined by using Hanna made pen pH
meter. The chemical parameters of water such as
dissolved oxygen, free carbondioxde, Alkalinity,
Hardness, Chloride were determined by standards
methods described by American Public Health
Association [6]; Kodarkar [7]; Trivedy et al. [8].
Simple correlation coefficient (r) analysis between
parameters, ANOVA have been employed for the
stastical interpretation of data obtained from the study
is discussed.

3. RESULTS AND DISCUSSION

Studies of physico chemical parameters of Khanapur
Water reservoir water suggests that the various
parameters depending upon the hydrochemistry of the
study area. The physical factors contributing the great
role in water quality such as Temperature, pH,
Turbidiry water level and intensity of illumination is
also an important factors to maintain the water quality
[9,10,11,12].

In the present study description of correlation
coefficient (r) for the year July 2019 - June 2020 is
represented in Table 1.

Water temperature exhibited highly significant
positive correlation with Electrical Conductivity (r =
0.771), Alkalinity (r = 0.710), Chloride (r = 0.709)
and negative correlation with Turbidity(r = -0.123),
Dissolved oxygen (r = -0.093), Free Carbon dioxide (r
= -0.154) (Table 1). This shows that with increase or
decrease in the values of Temperature; Turbidity, DO,
Free CO2 also exhibit decrease or increase in their
values. Negative correlation between  water
temperature and dissolved oxygen was also observed
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by Goldman and Horne [13]; Bahura ““J@fﬁgh et
al., (2002). SRA I

pH shows highly significant positive correlation with
Electronic conductivity (r = 0.714),Total dissolved
solids (r = 0.783), Alkalinity (r = 0.558) and highly
significant negative correlation with Free CO2 (r = -
0.833) (Table 1). So with increase or decrease in the
values of pH, Transparency, Free CO2 values
increases or decreases. While, Turbidity, EC, TDS,
DO, Alk., Chloride, Hardness values shows
fluctuation with increase in values of pH. Shradha,
(2011) observed pH shows negative correlation with
Turbidity, dissolved oxygen, Chloride.

Transparency  exhibited  significant  positive
correlation with conductivity (r = 0.402), Free CO2 (r
= 0.518), Alkalinity (r = 0.299), Chloride (r= 0.303),
Hardness (r = 0.463) and highly significant negative
correlation with Turbidity (r = - 0.700), DO (r = -
0.686) (Table 1).

Turbidity shows highly significant positive correlation
with TDS (r = 0.784), DO (r = 0.732) and highly
significant negative correlation with Free CO2 (r = -
0.845) (Table 1).

Electrical conductivity shows negative correlations
with Free CO2 (r =-0.534) and highly significant
positive correlation with Alkalinity (r = 0.888),
Chloride (r = 0.885).

Total Dissolved solids (TDS) shows highly significant
positive correlation with DO (r = 0.854) and highly
significant negative correlations with Free Co, (r =-
0.853). If the correlation between Electrical
conductance and Total dissolved solids is considered,
it reveals that the two parameters are positively
related indicating the fact that the raise in Electrical
conductivity is due to increased Total dissolved
solids.

Dissolved oxygen shows highly significant negative
correlation with Free CO2 (r = - 0.714) and positive
correlation with remaining parameters.

Free CO, showed positive correlation with
Transparency (r = 0.518), Hardness (r = 0.016) while
negative correlation with remaining parameters.
Similar result found by Chavan [15].

Alkalinity showed negative correlation with Free CO,,
Turbidity etc while highly significant positive
correlation with Chloride (r = 0.999).
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Chloride is generally present in natural waters.
Chloride shows highly significant positive correlation
with Temp. (r =0.709), Electronic conductivity (r =
0.855), Alkalinity (r =0.999).Similarly, results have
been reported by Shinde [16] showed Chloride highly
significant positive correlation with Temp. and
Alkalinity.

Hardness showed negative correlation with turbidity,
DO, and showed positive correlation with remaining
parameters (Table 1). Bhandari, (2008) found that a
significant positive correlation between Hardness and
pH.

Shinde [16] found that different result, high
significant  positive relationship  with  turbidity,
electrical conductivity, total dissolved solids and high
significant negative relationship with transparency.

4. CONCLUSION

The study of correlation coefficient (r) greatly
facilitates the calculation of some parameters without
experimental ~ determination.  The  correlation
coefficient indicates positive and negative significant
correlation of physico-chemical parameters with each
other. Positive correlation mean one parameter
increase with other parameters also increase and
negative correlation mean one parameter increase
with other parameters decrease.

Since other parameters and their functions can be
explained by using these conditions, utilization of
such methodology will thus greatly facilitate the task
of rapid monitoring of the status of pollution of water
economically and this is the most important part of
any pollution study to suggest some effective and
economic way for water quality management,
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1 | INTRODUCTION

Radhakrishna S. Sutar!

| SwatiS. Londhe® |

The Ce-doped TiO, nanoparticles were prepared by the sol-gel method. The
prepared nanoparticles were characterized by sophisticated analytical tech-
niques such as XRD, FESEM with EDX, HR-TEM, XPS, FTIR, TGA, and UV-
visible spectroscopy, which gives structural features, morphology, elemental
composition, and thermal stability of prepared nanoparticles. Based on the
analysis, we conclude that increasing the dopant content of cerium in TiO,
results in a decrease in particle size, increase in thermal stability, and decrease
in band gap. Further, on increasing the dopant content of cerium, there is an
increase in photocatalytic activity due to changes in structural features due to
doping, and 5 mol% Ce-doped TiO, has shown nearly four times higher photo-
catalytic activity than pure TiO, for degradation of tetracycline. In this study,
the photocatalytic activity and kinetics of photocatalytic degradation of
antibacterial agent tetracycline have been studied by using these prepared cat-
alysts. Further, effects of different parameters such as change in pH and
change in concentration of tetracycline and amount of catalyst loading have
been studied for the degradation of tetracycline. Also, Ce-doped TiO, has
shown good photocatalytic efficiency for degradation of a mixture of textile
dyes (methylene blue, rhodamine B, and brilliant green) and for degradation
of a mixture of emerging contaminants (tetracycline, diclofenac, and

triclosan).

KEYWORDS

Ce-doped TiO,, nanoparticles, photocatalytic activity, sol-gel method, tetracycline

water sources.!'?! The main sources of water pollution
includes industrially used dyes, pharmaceutical products,

In last few decades, industrial evolution facilitated the
humankind in different fields, but it also resulted in
water as well as air pollution. Accretion of waste by-
products from industries is mostly responsible for the
water pollution, as mostly focus of the industries on the
commercial product produced and harmful by-products
are ignored. These by-products are mostly leaves to the

pesticides, fertilizers, and emerging contaminants, which
are responsible for several health problems to humans
and also disturbing the aquatic life. Several research
groups all over the globe are working to treat the effluent
from industries and on the degradation of organic pollut-
ants in water. Several different techniques have been
used for the treatment of different organic pollutants in
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water.*®! One of the useful green technique for waste
treatment is solar light-driven photocatalytic degradation
of organic pollutants. Titanium dioxide (TiO,), especially
nano-sized TiO,, has been severely explored for photo-
catalytic degradation of different organic pollutants. TiO,
is associated with several characteristics/properties such
as stability of its chemical structure, high surface area,
biologically and chemically inertness, biocompatibility,
physical properties, nontoxicity, low cost, and high
oxidizing power.!” 2!

In 1964, the first photocatalytic oxidation of tetralin
(1,2,3,4-tetrahydronaphthalene) by using TiO, suspen-
sion has been reported by Kato et al.'®! Thereafter in
1965, TiO, has been examined for the photocatalytic oxi-
dation of ethylene and propylene.!'* Nevertheless, the
most significant innovation that widely promoted the
field of photocatalysis was the “Honda-Fujishima effect”
mainly described in 1972 by Fujishima and Honda.!**!
This invention starts the new era of photocatalysis.
Thereafter, by taking motivation from these inventions,
worldwide several research groups have utilized TiO, for
photocatalytic reactions; some notable examples in early
days are reduction of CN~ in water!’®; reduction of
molecular nitrogen to ammonia and hydrazine over
iron-doped T102 desert sand, and minerals to reduce
nitrogen"®'°); and so on.

Though TiO, has been explored much for the photo-
catalysis, it has some loopholes, which are responsible for
the less efficiency of TiO, as a catalyst. These loopholes
include (i) less reusability of catalyst; (ii) at more concen-
trations accumulation tendency of nano-sized TiO, sus-
pension, leading to greater recombination rate of
photoelectrons (e~) and holes (h™); (iii) less photo-
catalytic degradation efficacy of bare nano-sized TiO, in
wastewater; and (iv) higher band gap (3.2 eV).[20-22!

One of the simple techniques to overcome these
shortcomings is doping of TiO, with some element (metal
or nonmetal). The metal doping can introduce a new
hybrid energy level in the surface or bulk phase of TiO,,
thereby reducing its band gap energy and improving the
separation efficiency of photo-generated electron-hole
pairs.[**! Different metals such as V, Cr, Fe, Co, Mn, Mo,
Ni, Cu, and Ce can be used for TiO, doping.!**?! Fur-
ther, for this purpose, different nonmetals can also be
used as dopant, such as nitrogen, carbon, phosphorus,
boron, and iodine.**7! For our study, we have selected
ceria as a dopant. Several reports are available in the
literature on the Ce-doped TiO,, by using different pre-
parative methods.***!! On the basis of the researcher's
study, it has been observed that some of the methods
involve tedious procedure, high-temperature treatment,
and higher reaction time. The procedure applied in the
present work is better or comparable to the literature.

The cerium doping has expected much more attention
due to the following reasons: (i) The redox couple Cce’t/
Ce*" makes cerium oxide shift between Ce02 and Ce,04
under oxidizing and reducing conditions'*?!; (ii) the easy
formation of labile oxygen vacancies with the relatively
high mobility of bulk oxygen species; and (iii) various
photocatalytic properties caused by various ions (Ce**/
Ce*™). Also, Ce ions stay in the interstitial positions due
to larger ionic radii of Ce*" (1.15 A) than Ti*" (0.62 A).
Even Ce ions are larger than the diameter of the pure
TiO,, so they stay at the surface of nanocrystals rather
than incorporated in the lattice.**! Further, along with
nano-size of the catalyst, the synergistic effect of cerium
in the catalysts also played an important role in the
enhancement of photocatalytic performance.

In the present work, different Ce-doped TiO, catalysts
have been prepared by using simple sol-gel technique.
These prepared catalysts have been characterized by
using x-ray diffraction (XRD), infrared (IR), field emis-
sion scanning electron microscopy (FESEM) with energy-
dispersive x-ray analysis (EDAX), transmission electron
microscopy (TEM), and high-resolution transmission
electron microscopy (HRTEM). Further, these catalysts
have been successfully employed for the solar light-
assisted photocatalytic degradation of organic dyes and
some emerging contaminants.

2 | EXPERIMENTAL PROCEDURE
2.1 | Synthesis of Ce-doped TiO,
nanoparticles

The Ce-doped TiO, nanoparticles were prepared by using
sol-gel method. Firstly, 5 ml of titanium isopropoxide
and 5 ml of glacial acetic acid were taken in a clean
round-bottom flask; this mixture was stirred for 15 min.
Separately, solution of surfactant Tween 80 in 10 ml dis-
tilled water has been prepared and slowly added to the
solution of titanium isopropoxide and glacial acetic acid
with constant stirring for 2 h. Further, to this 80 ml of
distilled water was slowly added with constant stirring
for 2 h. The stoichiometric amount of ceric ammonium
nitrate as a dopant of Ce was added in a reaction mixture.
The whole mixture was stirred for 4 h. To attend the
pH 10 of the reaction mixture, 10% ammonia solution
was added with constant stirring. After attending a pH,
formed gel was digested for 3 h at 60°C, which also helps
to remove excess ammonia. The reaction mixture was
cooled to room temperature, precipitate has been settled
down, and supernatant liquid has been removed and pre-
cipitate has been collected by filtration. Formed precipi-
tate has been successively washed for three times with
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distilled water and ethanol and dried at 110°C for 1 h.
Finally, obtained product was ground to fine powder and
calcined at 400°C for 5 h. Slightly yellowish powder of
Ce-doped TiO, nanoparticles has been obtained.

By this procedure, we have prepared pure TiO,, 1 mol
%, 3 mol%, and 5 mol% Ce-doped TiO, nanoparticles.

2.2 | Characterization

The crystalline structure was characterized by XRD using
Rigaku diffractometer with Cu Ka (1.5418 A). The XRD
data were recorded for 20 range from 20° to 80° at scan-
ning rate of 2°/min. FESEM with EDX analysis of the
samples has been carried out to study the surface mor-
phology and elemental composition by using the FESEM
equipped with EDX using Carl Zeiss Supra 55. Further,
HRTEM was performed using JEOL JEM 2100 Plus.
Thermal stability of the prepared catalysts has been
studied by thermogravimetric analysis (TGA). For band
gap measurement, the UV-visible absorption spectra of
prepared nanoparticles were recorded in the range of
200-800 nm by using Elico double beam UV-visible spec-
trophotometer (model no. SL 210). The XPS measure-
ment of the prepared sample has been carried out on
Shimadzu (ESCA 3400) spectrometer using Mg Ka
(1253.6 eV) as a source of radiation excitation.

2.3 | Photocatalytic activity

Photocatalytic degradation of antimicrobial tetracycline
in aqueous solution has been studied by employing pre-
pared catalysts. Further, degradation of mixture of three
dyes (includes brilliant green, rhodamine B, and methy-
lene blue) and mixture of three emerging contaminants
(includes tetracycline, diclofenac, and triclosan) in
aqueous solution under direct sunlight has been studied
by using most active 5 mol% Ce-doped TiO,. Also, we
have checked the effect of various parameters on photo-
catalytic efficiency of 5 mol% Ce-doped TiO, for degrada-
tion of tetracycline such as pH of the solution,
concentration of the tetracycline, and catalyst loading.
The pH of solution was adjusted by adding appropriate
quantity of 0.1 N NaOH and 0.1 N HCl solutions.

2.3.1 | Photocatalytic degradation of
antimicrobial tetracycline

We have prepared 200 ml of 20 ppm tetracycline solution
using distilled water at room temperature. This prepared
stock solution of tetracycline was taken in round-bottom

S WILEY-L 2
flask; 100 mg of prepared catalyst has been added. This
reaction mixture was stirred for 30 min in dark to reach
adsorption desorption equilibrium. After this, the solu-
tion was transferred in to sunlight. Sample of 2 ml has
been collected after regular time interval and performed
UV-visible spectral analysis from 200 to 800 nm
wavelengths, and absorbance has been recorded for
wavelength 357 nm for tetracycline.

2.3.2 | Photocatalytic degradation of mixture
of emerging contaminants

We have prepared 20 ppm solutions of tetracycline, tri-
closan, and diclofenac using distilled water. By taking
these three solutions in equal quantity, 200 ml solution
of mixture of tetracycline, triclosan, and diclofenac has
been prepared. This solution was taken in round-bottom
flask, and 100 mg 5 mol% Ce-doped TiO, catalyst was
added to it. The reaction mixture was stirred for 30 min
in dark to attain adsorption desorption equilibrium. After
30 min, the reaction mixture was transferred to direct
sunlight; after regular time interval, the samples were
collected. The absorbance of collected samples was
recorded using UV-visible spectrophotometer at the
range of 200-800 nm wavelengths.

233 |
of dyes

Photocatalytic degradation of mixture

We have prepared 20 ppm solutions of brilliant green,
methylene blue, and rhodamine B using distilled water.
By taking these three solutions in equal quantity, 200 ml
solution of mixture of brilliant green, methylene blue,
and rhodamine B has been prepared. This solution was
taken in round-bottom flask, and 100 mg 5 mol% Ce-
TiO, catalyst was added. After 30 min, the reaction mix-
ture was transferred to direct sunlight; after regular time
interval, the samples were collected. The absorbance of
collected samples was recorded using UV-visible spectro-
photometer at the range of 200-800 nm wavelengths.

3 | RESULT AND DISCUSSIONS

31 | TGA

Prior to calcination, the TGA of bare TiO, and Ce-doped
TiO, has been studied, and obtained results are shown in
Figure 1. Both the samples have shown the four weight
losses. First weight loss has occurred from ambient tem-
perature to 100°C, which is due to loss of physically
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FIGURE 1 TGA of TiO, and Ce-TiO,

adsorbed moisture, and corresponding weight loss for
TiO, and Ce-doped TiO, was found to be 12% and 16%,
respectively. Second weight loss has been observed from
the temperature 100 to 200°C, which is relatively minor
weight loss and found to be 3%-4% for both samples. This
weight loss corresponds to the conversion of hydroxides
into their corresponding amorphous oxides.[**! The third
weight loss is due to loss of coordinated water as well as
organic moieties, observed for the samples from 200 to
400°C. The fourth weight loss has been occurred for tem-
perature range 400-800°C, which is relatively less (<5%)
for both the sample, and it suggests that TiO, and Ce-
doped TiO, catalysts are stable gravimetrically as well as
thermally at higher temperature. However, at further
higher temperature (up to 1000°C), there is no weight
loss. The overall weight loss from ambient temperature
to 1000°C has been found to be 29% and 25% for bare
TiO, and 5% Ce-doped TiO,, respectively. The decrease
in weight loss on incorporating cerium into TiO, suggests
that doping of cerium results in increase in thermal sta-
bility of the catalyst.

3.2 | XRD analysis

The XRD study of all prepared samples shows the forma-
tion of anatase phase of TiO, and crystalline in nature
(Figure 2). Further, no other phase of TiO, such as rutile
or brookite has been formed.**! The diffraction peaks
present at (20 values) 25.28°, 37.92°, 48.14°, 54.21°,
54.88°, 62.56°, 69.03°, 70.43°, and 74.98° correspond to
planes (101), (004), (200), (211), (105), (204), (116), (220),
and (215), vrespectively. All these angles and
corresponding planes have resemblance with the JCPDS

—TiO,
| g 1% Ce
c 3% Ce
= 5% Ce
= g S =~ _
e P o —
> x 7 =8 <
~— ~ =
o
72!
=
D
)
=
(
20 30 40 50 60 70 80
20 (Degree)
FIGURE 2 XRD pattern of pure TiO, and Ce-doped TiO,
samples

No. 73-1764, which shows the presence of pure anatase
phase. Further, it suggests that tetragonal structure of
TiO, has been retained after doping as well.***! The
jonic radii of Ce*" (0.111 nm) and Ce*" (0.101 nm) are
greater than Ti*" (0.068 nm); it is difficult for Ce** and
Ce*" to convert Ti*" into a crystal lattice. Further, no
crystalline phase related to cerium oxides has been
found, confirming the inclusion of all Ce in the TiO,
structure. On the other hand, a new peak appears for the
3 mol% and 5 mol% doped samples at 28.61°. If it came
from the newly formed peak of TiO,, it should appear in
all the samples. But it did not comply to the results
obtained, so it should be related to cerium oxide instead
of TiO,. According to the diffraction angle of that new
peak, it can be sequenced in the CeO, phase, indicating
that an important portion of the Ce** ion was oxidized in
Ce*" during the heat treatment.!*”!

The crystalline size of all samples has been calculated
by Scherrer equation 1 using the most intense peak at
(101) plane. The crystalline size of bare TiO,, 1% Ce-
TiO,, 3% Ce-TiO,, and 5% Ce-TiO, is found to be 9.92,
8.57, 8.24, and 8.15 nm, respectively. Doping of Ce in
TiO, results in decrease in crystalline size of the catalyst.

D =k)\/pcosd (1)

where D is average size of nanoparticle, A is the wave-
length, g is the full width at half maximum, and 6 is
Bragg's angle. The structural parameters are shown in
Table 1, which are well matching with JCPDS data of
pure TiO,.
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TABLE 1 Structural parameters of pure TiO, and Ce-doped nanoparticles
Cell parameters
Catalysts Standard d value Observed d value hkl plane a(d) c(A) V(A% Crystallite size (nm)
TiO, 3.52 3.5147 (101) 3.78 9.52 136.02 9.927933
2.37 2.38018 (004)
1.33 1.89052 (220)
1% Ce-TiO, 3.52 3.5147 (101) 3.78 9.50 135.73 8.57579
2.37 2.37533 (004)
1.33 1.89497 (220)
3% Ce-TiO, 3.52 3.51607 (101) 3.77 9.48 135.25 8.245584
2.37 2.37171 (004)
1.33 1.88868 (220)
5% Ce-TiO, 3.52 3.5188 (101) 3.78 9.49 135.59 8.158314
2.37 2.37352 (004)
1.33 1.89089 (220)
3.3 | FTIR studies
—_
Figure 3 shows that FTIR spectroscopic study of Ce- °\°
doped TiO, nanoparticles. All the samples have shown a :
broad absorption band at 3369 cm !, which corresponds g
to the O-H stretching vibration of adsorbed moisture on S
the surface of the catalyst.!*®! The absorption band at =
2348 cm ™! corresponds to the vibrational bond energy of E
CO,, whereas the weak absorption band at 1633 cm™t g .
belongs to the vibrational bond energy of C=O. The E — Tio,
small absorption bands at about 1428 and 1357 cm ™' i IeiCe
might be originated from the C-O stretching vibration, 222 gz
and bands at about 1160 cm ' is probably due to the 547
S‘O‘Cf alkoxy Stretc?ing glle to PresenceT ﬁf S?au ft?Si' 500 1000 1500 2000 2500 3000 3500 4000
ues of organic part from the precursors. The absorption .
band at 97g3 cmP1 shows the vpibration of Ce-0, ang the Wavenumber (cm 1)
band at 547 cm ™! is due to TiO,.*®! The spectra of Ce- FIGURE 3 FTIR study of CeTiO, nanoparticles

doped TiO, samples are slightly different from that of
TiO,. Nearly all absorption bands are slightly shifted to
lower wave number, which may happened due to small
atomic weight of Ce. All of these changes in the spectra
of Ce-doped TiO, indicate that Ce has taken place of Ti
in TiO, lattice.

3.4 | FESEM and HRTEM studies

The morphology and surface nature of the synthesized
Ce-doped TiO, nanoparticles were studied by FESEM,
and obtained images of all samples are shown in
Figure 4. The FESEM micrograph of all samples has
shown the well-grown crystals, which were

accumulated closely with each other. Further, the EDX
analysis has shown that samples have similar elemental
composition as per proportion of precursors taken dur-
ing the preparation (Table 2). Further, we have sup-
plied more FESEM images of all prepared catalysts in
Figure S1.

HRTEM analysis has been shown that the average
particle size of the prepared catalysts is in the range of
8-11 nm (Figure 5a), and it well matches with XRD
calculations. At higher magnification, the inter-planar
spacing is found to be 0.351 nm, which corresponds to
the (101) plane of anatase TiO,*’! (Figure 5b). The
selected area electron diffraction (SAED) pattern of Ce-
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FIGURE 4 FESEM with EDX of (a) pure TiO,, (b) 1 mol% Ce-doped TiO,, (c) 3 mol% Ce-doped TiO,, and (d) 5 mol% Ce-doped TiO,

TiO, nanoparticles has been shown in Figure 5c, which
further confirms the anatase phase of TiO, and well
matches with XRD data. The lightening and intensity of
polymorphic rings in SAED pattern confirm the crystal-
line nature of nanoparticles.”® Figure 5d shows the
uniform distribution of nano-sized particles. Further, we
have supplied more HRTEM images of 5 mol% Ce-doped
in Figure S2.

3.5 | UV-visible absorption study

UV-visible absorption spectra of the prepared samples
have been shown in Figure 6a. Ce-doped samples have
shown the stronger absorption edge and shifted to the
upper wavelength than pure TiO,. This confirms that
doping of Ce in TiO, shifted the absorption edge to
higher wavelength and reduces the band gap. The spectra
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shift more to the visible region with the increasing
amount of Ce in Ce-TiO, materials. Furthermore, a great
rise within the absorption was observed between 3.6 and
3.0 eV, which increases with increasing Ce loading
(Figure 6b). Figure 6 shows the dependence of the
absorption edge on the Ce loading. It indicates that the
photocatalytic activity observed in the visible region of
electromagnetic  spectrum.[*®!  Ce-doped TiO, can
enhance the absorption in visible region because of the
certain 4f electronic configuration of cerium, which is a
creator of electron-hole pairs to improve the visible light
response.[*!!

TABLE 2 Weight percent of elements in the prepared samples
Weight % of elements
Sr. no. Sample Oxygen Titanium Cerium
1 TiO, 49.86 50.14 -
2 1% Ce-TiO, 43.16 56.06667 0.78
3 3% Ce-TiO, 48.67 48.8775 2.445
4 5% Ce-TiO, 51.96 44.34 3.7
60
/\ (a)
50 -
[72]
=
= 401
N
St
=
A 30
L
3
2’ 20-
10 4 / \ \
o LSS N\ \ N\ g
2-5 5-8 8-11 11-13  13-15
Particle Size (nm)
FIGURE 5
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3.6 | X-ray photoelectron spectroscopy
The XPS analysis of 5% Ce-doped TiO, is demonstrated
in Figure 7, which confirms the elemental composition
of as-prepared catalyst. Figure 7a shows the survey
spectra, which indicates the presence of Ti, Ce, and O
in the sample. The Ce 3d high-resolution scan spectrum
is shown in Figure 7b. The peaks located at 904.2 and
885.5 eV corresponds to Ce 3d3,, and Ce 3ds,, respec-
tively, indicating that Ce exists to include TiO, in the
grid, mainly in the form of Ce®". The doping concen-
tration of Ce is very low, and the characterized peaks
of Ce element are weak. As shown in Figure 7c, peaks
at 458.61 and 464.42 eV correspond to Ti 2ps, and Ti
2p1/2, respectively, which are higher than pure TiO,
(Ti 2ps/, 458.5 eV and Ti 2p,/, 464.2 eV). This may be
due to the lower electronegativity of Ce than Ti, which
gives higher electron binding energy.®® Figure 7d
shows the O 1s high-resolution XPS scan spectrum. The
strong peak at 529.8 eV top arises from the overlapping
contributions of oxygen from TiO, and Ce-O-Ti
compounds in which oxygen is the primary contributor
to Ti0,.*?

(a) Average particle size, (b) HRTEM image, (c) SAED pattern, (d) HRTEM image (at different magnification) of 5% Ce-TiO,
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4 | PHOTOCATALYTIC ACTIVITY

The photocatalytic activity of prepared catalysts was
carried for degradation of organic pollutant tetracycline
under direct sunlight. Further, the best working cata-
lyst i.e. 5 mol% Ce-doped TiO, in the prepared series

50
—Ti0, (b)
a 1% Ce-TiO,
01 3% Ce-TiO,
5% Ce-TiO,
-
o 304
=
=]
N’
20 -
10
0 T T T T
2 3 4 5
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(a) UV-Visible absorption spectra. (b) Plot of hv Vs (ahv)? of bare TiO, and Ce-doped TiO,

(b) Ce3d
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(d) 5298 Ols
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(a) XPS spectra of 5% Ce-doped TiO,, high-resolution spectra of (b) Ce 3d, (c) Ti 2p, (d) O 1s

has been explored for the degradation of mixture of
dyes (viz., BG, RB, and MB) and mixture of emerging
contaminants (viz., TC, DCF, and triclosan). In
addition, the effect of different parameters such as pH
and concentration of tetracycline and catalyst loading
was studied briefly for photodegradation of tetracycline
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by using 5 mol% Ce-doped TiO, catalyst under direct
sunlight.

4.1 | Photocatalytic degradation of
tetracycline

The representative UV-visible spectra of samples col-
lected during photocatalytic degradation of tetracycline
using 5 mol% Ce-doped TiO, catalyst is shown in
Figure 8a. The intensity of characteristic absorption
peaks at wavelengths (Ay.x) 274 and 356 nm of tetracy-
cline has been decreased gradually with irradiation time.
Figure 8b,c shows the comparative study of photo-
catalytic degradation of tetracycline using bare TiO, and
Ce-doped TiO, catalysts. The complete degradation of
tetracycline was observed in 120 min by using 1 mol%
Ce-doped TiO,, and it takes 60 min for 5 mol% Ce-doped
TiO,. It shows that 5% Ce-TiO, catalyst is the most prom-
inent catalyst for degradation.

Chemistry

Kinetic plot for photodegradation reaction of tetracy-
cline for the different catalysts with respect to varying
irradiation time is shown in Figure 8c. The concentration
of tetracycline was nearly constant in the absence of
photocatalyst (only under direct sunlight), indicating the
negligible photodegradation of TC without catalyst. In
the absence of sunlight, catalyst can adsorb TC, which is
only about 5% in initial 30 min, and keeping in dark for
longer time, no further adsorption is observed. It suggests
that tetracycline is very much stable in the absence of cat-
alyst or light. With irradiation time of 60 min, nearly
complete degradation of TC (~93%) was observed by
using 5% Ce-TiO,, whereas 78.68%, 64.8%, and 42.67%
degradation was observed by using 3% Ce-TiO,, 1% Ce-
TiO,, and TiO,, respectively. 5% Ce-TiO, has shown
higher photocatalytic activity in less time as compared
with other catalysts. This observation clearly indicates
that photocatalytic reaction is highly dependent on the
amount of Ce doped in TiO,. The higher activity of 5 mol
% Ce-doped TiO, is due to its lower crystalline size and

Absorbance

T T
200 250 300

T T —
350 400 450

Wavelength (nm)
W
Dark| Sunlight ——M = Blank
140 204 ¢ TiO, (c)
(b) 4 1% Ce-TiO,
0.8 154 3 % Ce-TiO,
’ 5 % Ce-TiO,
~ N
Qe o
0.6 4 <
S Q 1.0
Q
S =
0.4 1 =
—&— Blank 0.5
—e—TiO,
0.2 4 —4— 1% Ce-TiO,
—¥—3% Ce-TiO, 0.0 4
—4—5% Ce-TiO,
0.0 T T T T T r r T T

-30 0 10 20 30 40 50 60

Time (min)

FIGURE 8
graph of In(C,/C) versus time
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Time (min)

Photodegradation of TC by catalysts: (a) UV-visible spectra of TC, (b) kinetic plot of C/C, versus time, (c) corresponding
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lower band gap as compared with other prepared cata-
lysts. As discussed earlier, 5 mol% Ce-doped TiO, has
crystalline size of about 8.15 nm, whereas other prepared
catalysts such as 3 mol% Ce-doped TiO,, 1 mol% Ce-
doped TiO,, and TiO, have crystalline size of 8.24, 8.57,
and 9.92 nm, respectively. Furthermore, 5% Ce-TiO, has
lowest band gap (Ep, = 2.80€V) than other prepared
catalysts.

In the photodegradation studies, the apparent rate
constant was applied because it consents for the indepen-
dent determination of photocatalytic activity of the previ-
ous adsorption period. The apparent first-order kinetic
equation is given as follows:

C t

—log—2 =K pp,—— 2
08 c = Raw; 303 )

where K, is the apparent rate constant of a reaction, C,
is the initial concentration of dye solution at t=0,
and C is the remaining concentration of dye solution at
time £.1°!

Table 3 shows the reaction kinetic parameters for deg-
radation of TC using different catalysts. The 5 mol% Ce-
doped TiO, has the highest rate constant
(88.65 x 10°* min~ ') compared with other catalysts.
Rate constant for 5 mol% Ce-doped TiO, is more than
four time than prepared TiO,. Figure 8c shows that plot
of In (C,/C) versus time, which is straight line passing
through origin. It shows that this photocatalytic degrada-
tion follows first-order kinetic reaction.

Due to better activity of 5 mol% Ce-doped TiO,, we
have selected this catalyst to study the different parame-
ters of photodegradation, that is, effect pH of the solu-
tion, concentration of TC, and amount of catalyst
loading. To study the effect of TC concentration on the
photocatalytic degradation, the experiments were studied
by taking 10, 20, 30, and 40 ppm of TC solution. In this
study, 200 ml of TC solution was taken in round-bottom
flask, and 100 mg 5 mol% Ce-doped TiO, catalyst was
added. From the graph of (C/C,) against given time inter-
val (shown in Figure 9a), degradation of 10 ppm solution
has been completed within 30 min, whereas other solu-
tions required much more time for complete degradation,
and only 72%, 56%, and 32% degradation has been

Catalyst Initial conc. of TC (%) Final conc. of TC (%)
Blank 100 98.8

TiO, 100 57.33

1% Ce-TiO, 100 35.2

3% Ce-TiO, 100 21.32

5% Ce-TiO, 100 7

achieved in 30 min for 20, 30, and 40 ppm solution,
respectively.

Further, plot In (C,/C) against time is straight line
(Figure 9b) passing through origin showing that
photodegradation reaction follows the first-order kinetics.
The plot of change in concentration of dye per unit time,
that is, (d[TC]/dt) versus irradiation time, is shown in
Figure 9c. In general, rate of degradation per unit time
increases with increase in the concentration of organic
pollutant, as more number of molecules are available for
degradation; on the other hand, increase in the concen-
tration of organic pollutant restricts the incoming light to
reach and consequently decreases the rate of degradation
per unit time. The net result of these two effects is
responsible for the rate of degradation. On increasing the
concentration from 10 to 20 ppm up to irradiation time
4 min, the rate of degradation increases, whereas on fur-
ther increasing the concentration up to 40 ppm, the rate
slightly decreases. For irradiation time 4-30 min, the rate
of degradation increases from 10 to 30 ppm and slightly
decreased for 40 ppm as compared with 30 ppm solution.

The photodegradation efficiency of the catalyst
depends on the pH of the solution. Therefore, we have
studied degradation of TC at various pH of the solution,
namely, 3, 5, 9, and 12. In this study, we have observed
that solutions having basic pH require less time for com-
plete degradation than solutions with acidic pH
(Figure 10a). Change in pH (acidic or basic) changes the
surface charge on catalyst and the strength of photo-
catalytic reactions. The reactive species OH", O," ", and
HO," are responsible for the photocatalytic degradation.
These active radicals are responsible for degradation as
shown in Equations 3-8. At basic pH, activity is superior
as compared with acidic pH, suggesting that the OH" rad-
ical plays an important role during the degradation. Fur-
ther, plot of In(Cy/C) versus time of irradiation for all pH
is straight line passing through the origin, which shows
that reaction follows the first-order reaction kinetics at
all pH (Figure 9b). Equation 3-8 show the general mech-
anism of photodegradation of TC.

The photocatalytic degradation efficiency was evalu-
ated by changing catalyst loading of 5% Ce-doped TiO,
from 0.25 g/L to 1 g/L for TC solution and illustrated in
Figure 11a,b. The result shows that the rate of catalytic

1 TABLE 3 Reaction kinetic

parameters for degradation of TC by

Rate constant min
—3

00.40 x 10 using prepared catalysts

18.54 x 10>

34.81 x 1073

51.52 x 1073

88.65 x 103
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reaction increases with increase in amount of catalyst
loading, as the presence of higher amount of catalyst
offers greater active surface area and sites, which are
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Photocatalytic degradation of TC for different concentrations of dye: (a) plot of C/C, versus time, (b) plot of In(C,/C) versus
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pH variations on photocatalytic degradation: (a) C/C, against change in time, (b) In (Cy/C) against change in time

involved in the degradation reaction. Also, due to
increase in catalyst loading, adsorption of dye on the sur-
face of catalyst also increases.
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4.2 | Degradation of mixture of dyes

Most of textile industries produce lot of waste having
mixture of dyes. Therefore, a lot of study have been car-
ried out on the degradation of dye using photo-
catalysts.?*375457] 1 this study, we have taken mixture
of dyes as a representative of industrial effluent. To study
the degradation of mixture of dyes, we have taken a
200 ml, 20 ppm solution of mixture of dyes, namely, bril-
liant green, methylene blue, and rhodamine B, and
100 mg of best working catalyst 5 mol% Ce-doped TiO..
This reaction mixture was kept in dark for 30 min to
attain adsorption desorption equilibrium. Further, the
solution is kept in sunlight, and samples were analysed
in the given time interval on UV-visible spectrophotome-
ter. Corresponding absorbance against wavelength plot
for degradation of mixture of dyes using 5 mol% Ce-
doped TiO, is shown in Figure 12. The plots for 3 mol%

25
= 0.25g/L (b)
® 0.50 g/L
204 & 0.75g/L
v 1.00 g/L
P
1.5
9
S
<
= 104
p—
0.5 1
0.0 - r . T T T
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Time (min)

Photocatalytic degradation of TC with different weights of catalyst: (a) (C/C,) against irradiation time, (b) In (Co/C) against
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(=]
'l
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FIGURE 12
photocatalytic degradation of mixture of dyes (MB, BG, and RB)

Plot of absorbance against wavelength of

Ce-doped TiO,, 1 mol% Ce-doped TiO,, and pure TiO,
have been shown in Figure S3. These plots have shown
absorption peaks at wavelengths (Ana.x) 665, 625, and
560 nm, which correspond to characteristics Apyax of
methylene blue, brilliant green, and rhodamine B,
respectively. As irradiation time increases, absorbance
decreases, and almost complete degradation of these
three dyes has taken place in 270 min by using 5 mol%
Ce-doped TiO, catalyst.

4.3 | Mixture of emerging contaminants

To study the degradation of mixture of emerging contam-
inants, we have taken a 200 ml, 20 ppm solution mixture
of emerging contaminants, namely, tetracycline,
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irradiation time increases, absorbance decreases, and
almost complete degradation of these three emerging
contaminants has been taken place in 180 min.

REUSABILITY OF CATALYST

The reusability of the prepared nanoparticles is the most
important aspect for catalyst efficiency for practical reuse.
Therefore, we performed photocatalytic degradation of
tetracycline using 5 mol% Ce-doped TiO, for three cycles;
the obtained results have been shown in Figure 14. The
result of these experiments shows that the catalyst has
outstanding reusability.

CONCLUSIONS

Visible light active Ce-doped TiO, was successfully syn-

FIGURE 13 Photocatalytic degradation of mixture (triclosan, TC, and DCF)
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FIGURE 14 Reusability of catalyst

triclosan, and diclofenac, and 100 mg of best working cat-
alyst 5 mol% Ce-doped TiO,, Figure 13a shows the UV-
visible spectra of TC, DCF, and triclosan and their mix-
ture in equal quantity. This plot shows the characteristic
peaks of TC (Ayax = 274, 356 nm), DCF (Apax = 276 nm),
and triclosan (Apax = ~280 nm). Further, as all three
(TC, DCF, and triclosan) have one common A, at
~275 nm, in their mixture, this peak has approximately
average of intensity from individual contaminant at this
Amax- This reaction mixture was kept in dark for 30 min
to attain adsorption desorption equilibrium. Further, the
solution is kept in sunlight, and samples were analyzed
in the given time interval on UV-visible spectrophotome-
ter from 200 to 450 nm. Correspondingly, absorbance
versus wavelength plot is shown in Figure 13b. As

thesized by using sol-gel method. Among the various
nanoparticles, 5 mol% Ce-doped TiO, has shown better
efficiency for photodegradation of tetracycline (TC). Fur-
ther, it has been successfully employed for the degrada-
tion of mixture of three dyes, namely, methylene blue
(MB), rhodamine B (RB), and brilliant green (BG), and
mixture of emerging contaminants, namely, tetracycline
(TC), triclosan, and diclofenac (DC). From the characteri-
zation of the catalysts, it has been confirmed that 5 mol%
Ce-doped TiO, acts as a sensitizer in the photocatalytic
degradation. However, strong interaction of Ce in TiO,
has been proved by FTIR. From UV-visible absorption
study, 5 mol% Ce-doped TiO, catalyst has shown better
visible light absorption than other prepared catalysts. The
band gaps 3.0, 3.1, 3.3, and 3.6 eV have been observed for
5 mol% Ce-doped TiO,, 3 mol% Ce-doped TiO,, 1 mol%
Ce-doped TiO,, and pure TiO,, respectively. Also, 5 mol%
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Ce-doped TiO, catalyst has shown almost similar effi-
ciency for three cycles. Rate constant of 5 mol% Ce-doped
TiO, catalyst is nearly twice to that of bare TiO, for deg-
radation of tetracycline.
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Effect of Nitrogen Doping on Structural and Optical
Properties of TiO, Nanoparticles

Sandip B. Deshmukh,* Kalyani H. Deshmukh, Maheshkumar L. Mane,

and Dhananjay V. Mane

1. Introduction

The semiconducting metal oxide TiO, has been extensively em-
ployed as a photocatalyst owing to its high chemical stability, non-
toxicity, cheap, good oxidation capacity, abundant, and, especially,
excellent photocatalytic activity.!"?! It has been proven that the
desired photocatalytic properties of TiO, were achieved by ful-
filling requirements in terms of high crystallinity, unique mor-
phology, and mixed-phase composition, the potential of oxidiz-
ing and reducing under suitable irradiation.”*! Thus, because the
band gap for the crystalline anatase phase TiO, is 3.2 eV with the
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absorption edge at near-UV light, when this
semiconductor is exposed to near-UV light,
the electrons in the valence band are excited
to the conduction band produced an elec-
tron (e”) and hole (h*), generating a redox
potential.[**]

A shift of the absorption band edge
of TiO, toward the visible region can be
achieved using several methods: the dop-
ing of TiO, with metals and non-metals, the
sensitization of TiO, with dyes, the deposi-
tion of metals for localized surface plasmon
resonance, and the amalgamation of TiO,
with other semiconductors with a lower
band gap. Another efficient method of de-
veloping visible light photocatalysts for the
complete oxidation of volatile organic com-
pounds is the modification of TiO, with
uranylions.%’) In particular, visible light enhanced photocatalytic
inactivation methods have been reported for the modification of
TiO, with metals (e.g., iron, copper, vanadium, and tin) or non-
metals (e.g., nitrogen, sulfur, and boron). The most efficient ap-
proach to extend the photo response of titania into visible range
is surface modification or doping with non-metals particularly.®!
N-doped TiO, has paying attention due to simple approaches to
its synthesis and high photocatalytic activity under visible light.
Di Valentin et al. ! executed a computer simulation and showed
that nitrogen impurities encourage the formation of localized en-
ergy states in the band gap of TiO,. It was observed that N atoms
substituted the lattice oxygen sites by mixing the N2p and O2p
states.['%! These states lead to reduce the energy required to ex-
cite electrons and, consequently, to a red shift of the absorption
edge."!! The conventional solvothermal/hydrothermal methods
are often energy and time consuming. Therefore, among these
methods, the sol-gel method is commonly used for the synthe-
sis of TiO,-based materials due to its overruling advantages over
others.[?]

In the present study, we report the N-doped TiO, NPs syn-
thesized by the sol-gel method and the effect of N doping on
structural and optical properties of TiO, NPs. We successfully ob-
tained the anatase phase of N doped TiO, at low annealing tem-
perature. The yields and product purity were remarkable.

2. Results and Discussion

2.1, X-ray Diffraction Analysis (XRD)

In order to evaluate the phase formation and crystalline struc-
ture of bare TiO, and various concentrations of N-doped Tio,

© 2021 Wiley-VCH GmbH
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Figure 1. a) X-ray diffraction pattern for bare TiO, and N-doped TiOz NPs. b) Variation of crystallite size with % of N doped in TiO, NPs.

NPs, X-ray diffraction analysis was performed at room temper-
ature using Cu-Ka radiations (1 = 1.5406 A). Figure 1a shows
XRD spectra of all the samples. The X-ray diffraction peaks (101),
(004), (200), (105), (211), (204), (116), (220), and (215) of bare
TiO, corresponding to diffraction angles at 26 = 25.4°, 38.02°,
48.14°, 54.12°, 55.18°, 62.81°, 68.71°, 70.28°, and 75.30° could
be attributed to the anatase phase TiO,, respectively (JCPDS 21—
1272).

No impurity phase was observed with N doping, the crystal
structure of doped TiO, samples are almost unchanged when
compared with that of bare TiO, sample. Also, it is observed that
the peak positions of all diffraction peaks of N-doped TiO, sam-
ples are similar with those of pure TiO, NPs, however, a decrease
in the anatase peak intensity was observed for (101) plane.I*! Fur-
thermore, careful analyses of the main peak (101) of the anatase
(inset, Figure 1a) indicated a slight shift to the higher angle side
for N-doped TiO,. The average crystallite size of all the samples
was calculated from the Full Width at Half Maximum (FWHM)
() of all major diffraction peaks of anatase, using the Debye-
Scherer method.('***] The obtained results of the average crys-
tallite size (D) before the doping was 9.10 nm and after the N
doping it was changed as 10.55 , 11.85, and 10.21 nm for 1, 3,
and 5 mole% of N. The variation of crystallite size with N mole%
is shown in Figure 1b and it is observed that due to N doping crys-
tallite size increases up to 3 mole % of N and further decreases
for 5 mole% of N.

2.2. Fourier Transforms Infrared Spectroscopy (FTIR)

Figure 2 shows the FTIR spectra of bare TiO, and 1, 3, and
5 mole% N doped TiO,. FTIR spectra was studied to confirm
the O-Ti-O, O-Ti-N bonding in N-doped TiO, and formation of
-OH groups on the surface, which can extensively affect the TiO,
band structure and surface of photocatalyst. In the FTIR spec-
tra absorption peaks in the range of 1365-1395 and 400-500
cm™" demonstrate vibration of Ti-O bonding.*! In all spectra, the
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Figure 2. FTIR spectra of bare TiO, and N-doped TiO, NPs

strong absorption was observed in the range of 4001250 cm™!
with a sharp peak at 488 cm™', which is attributed to the lattice
vibrations of anatase O-Ti-O bonding in TiO,. The weak band for
bending vibrations of H-O-H bonds of the surface adsorbed wa-
ter was observed at ~1612 and 1430 cm~'."7) N doping has been
confirmed by the peaks at 1470 and 1270 cm™, which can be at-
tributed to Ti-N and O-N vibration.!'8! Besides, broad bands cen-
tered at around 3400 cm™! show the presence of -OH groups.

2.3. Field Emission Scanning Electron Microscopy (FESEM)

In Figure 3a, b, and ¢, FESEM images show the surface mor-
phology of bare TiO,, 1% and 5 mole % N-doped TiO, synthe-
sized by using sol-gel method and calcined at 500°C. It is evi-
dent from these images that the N-doped TiO, were included of
non-spherical tiny particles with an average diameter of 7-10 nm

© 2021 Wiley-VCH GmbH
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Figure 3. FESEM images of (a) bare TiOj, (b) 1% N doped TiO,, and (c)

of its particle size. The particle size of these samples was esti-
mated by measuring thé diameter of the particles from Gaus-
sian fitting of histograms. Figure 3d—f represents the particle size
distribution Gaussian fitting of histograms, and average particle
size is determined. The histogram shows an average size dis-
tribution is 8.6 nm. The average particle size determined from
Gaussian fitting is in close agreement with the particle size cal-
culated from XRD analysis. The N-doped TiO, is compared with
the bare TiO,, the diameter and morphology did not change sig-
nificantly because the amount of N-doped on TiO, was very less,
so the TiO,-doped of N in the SEM image is difficult to observe
effectively. <

2.4. Energy-dispersive X-ray Analysis (EDAX)

The elemental composition of N-doped TiO, spheres with vary-
ing amounts of N loading calcined at 500°C was analyzed us-
ing EDAX. EDAX was used to determine the elemental compo-
sition of the NPs and the representative patterns are shown in
Figure 4a, b, and c. These patterns reveal the presence of Ti, N, O
elements in the doped samples element. It can be observed that
the intensity of the N peak corresponding to emission lines at 0.4
keV(Ka1) increases with increasing N doping by comparing the
EDAX spectra of the N-doped samples with that of bare TiO,. The
presence of a 0.3, 0.4, 0.5, 0.6, 4.5, and 4.9 keV (Lal) peaks are
attributed to the Ti and O. In Figure 4a, only Ti and O elements
were detected in bare TiO, powder, while in Figure 4(b) and (c), N
was detected in addition to Ti and O elements in N-doped TiO,,
indicating that N was successfully doped on the TiO,. Elemen-

Macromol. Symp. 2021, 400, 2100071
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5% N-doped TiO, and corresponding histograms of samples (d), (e), and (f).

tal composition of O (K), Ti (K), and N (L) in weight% for bare
TiO, was 22.78, 77.22, and 0, for 1 mole% N was 17.11, 82.6, and
0.29 and for 5 mole % was 15.45, 83.2, and 1.35. Elemental com-
position of O (K), Ti (K), and N (L) in atomic% for bare TiO, was
46.90, 53.10, and 0, for 1 mole% N was 39.51, 60.13, and 0.36 and
for 5 mole% N was 36.59, 62.02, and 1.39.

2.5. High-resolution Transmission Electron Microscopy
(HR-TEM)

The surface morphology and particle structure of bare and 5
mole% N-doped TiO, NPs was analyzed by using HR-TEM tech-
nique. The representative HR-TEM images of the bare TiO, are
shown in Figure 5a-d, which show the TEM, high-resolution
TEM (HR-TEM), histogram of particle size, and selected area
electron diffraction (SAED) pattern. These images confirm that
the bare TiO, particles show a spherical-like structure with a size
distribution from 9 to 11 nm. While images of N-doped TiO,
shown in Figure Se-h confirm that the 5 mole % N doped TiO,
NPs are elongated-spherical in shape with an average size of 7—
9 nm. The NPs are clearly observed in all the images, which
shown the high degree of crystallinity. The particle size of 5 mole
% N-doped TiO, NPs is nearly equal to that of bare TiO, NPs,
which is similar with the crystallite size obtained from XRD. Fur-
ther observation by SAED Figure 5(d) and in Figure 5(h) con-
firmed that the NPs are well crystalline in nature with tetragonal
anatase structure. Figure 5(b and (f)) shows the lattice fringes of
the material with inter planar spacing d spacing 0.25 and 0.26 nm
matches well (101) plane of anatase TiO, crystal structure (*19]

© 2021 Wiley-VCH GmbH
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Figure 4. Elemental composition of (a) bare TiO,, (b) 1% N, and (c) 5% N-doped TiO, NPs and the representative patterns of EDAX.

2.6. UV-Visible Diffuse Reflectance Spectroscopy (UV-Visible response and band gap energies of the synthesized materials.
DRS) Figure 6a shows the UV-Visible DRS (absorption mode) spec-

tra of bare TiO, NPs shows the optical absorption edge in the
UV-Visible diffused reflectance absorption spectra of all the pre-  wavelength region between 250 and 390 nm, /" while compared
pared samples have been measured to understand the optical  to N-doped TiO, (1, 3, and 5 mole% N) shows the shifting its

¢

Mo, of Farticles

T Y T T
1.4 P ra T EETHT M

Parnties Size [wm)

“

Farsties size (nm)
Figure 5. (a, b, ¢, d) shows the TEM, high-resolution TEM (HR-TEM), Histogram of particle size and selected area electron diffraction (SAED) pattern

for bare TiO; and e, f, g, h) shows the TEM, High-resolution TEM (HR-TEM), Histogram of particle size and selected area electron diffraction (SAED)
pattern for 5 mole% N-doped TiO,.
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of photon energy (hv) of TiO, and N doped TiO, NPs with 1, 3, and 5 mole % Fe.

absorption edge from UV to visible region, indicates doping of N
in the TiO, lattice.*!) As the mole% of N increases in the TiO,,
the visible absorption edge shifted towards higher absorbance
as well as higher wavelength region; this is reflected through
decrease in the optical band gap.l?2/ The N-doped TiO, sam-
ples show stronger absorption edge in the range of wavelengths
from 400 to 530 nm compared with bare TiO,.*2*] This is at-
tributed to isolated levels of N-2p orbitals in the band gap of
TiO, and hence results light yellow color of doped TiO, with dop-
ing of nitrogen up to 5.0 mol%.*/The optical energy band gap
of the N-doped TiO, was determined by plotting the Tauc plot
(chv)? as a function of photon energy (hv) and fixed from the
intercept tangent to the x-axis (2! and presented in Figure 6(b).
The energy band gap decreases from 3.2 to 2.5 eV as the dop-
ing of mole % of N increases as 1, 3, and 5 mole%. The dop-
ing of nitrogen in the TiO, lattice, the band gap is lowered to
2.8 eV for 1 mole% N, further reduced to 2.6 eV for 3 mole%
N, and 2.5 eV for 5 mole% N doping in TiO,. This absorp-
tion enhancement with decrease in band gap in the visible re-
gion can be assigned to the formation of dopant level nearer the
valance band."**l The decrease in the optical energy band gap of
the N doped TiO, NPs, leads to increase in optical absorption.

3. Conclusions

Astringent morphology control in the synthesis of doped anatase
crystal structure is considerably challenging because of the in-
trinsic properties of the anatase polymorph. In this study, a
novel dopant, ethylenediaminetetraacetic acid (EDTA), was in-
troduced to develop N-doped anatase crystal structure. N-doped
TiO, NPs less than 11.85 nm were obtained, which are consis-
tent with the FESEM and HR-TEM micrographs. By FT-IR and
EDAX measurements, the presence of nitrogen into the N-doped
TiO, structure was confirmed. Also, EDAX analysis showed the
presence of impurities related to Ti** states. These impurities
play a fundamental role in the optical activities of the N—doped
TiO, by introducing localized states within the bandgap energy

Macromol. Symp. 2021, 400, 2100071
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of the N-doped TiO,. The enhanced optical activity of the N-
doped TiO, was assessed under irradiation of UV and visible
light.

4. Experimental Section

Materials:  Nanocrystalline N-doped TiO, was synthesized by
using the sol-gel technique. In this work, analytical grade tita-
nium(IV)tetraisopropoxide (TTIP) (TIOCH(CH;),4 97% Sigma Aldrich
(AR)), Ethylenediaminetetraacetic acid (EDTA) (CioH1gN;Og Thomas
Baker (LR)), Oleic acid (CygH3,0; Research Lab (LR)), ammonia (NH;,
Thomas Baker (LR)) and absolute ethyl alcohol (C;HsOH, Research Lab
(LR)) were used for the synthesis.

Synthesis of N-Doped TiO, NPs:  Optimum compositions 0.0, 1, 3,
and 5 mole %) of N-doped TiO, NPs were prepared by sol-gel method at
room temperature. 5 mL oleic acid was taken in a 250 mL round-bottom
flask. The content was stirred at 120°C for 10 min followed by the addition
of 10 mL TTIP and 200 mL distilled water (DW); white precipitate of tita-
nium hydroxide was formed. The content was stirred at room temperature
for 1h. Then, the content was filtered and re-slurred in 200 mL DW and the
pH ofthe solution was adjusted to 10 by using an ammonia solution. After
that, the content was stirred at 60°C for 3 h. The stoichiometric quantity
of ethylenediaminetetraacetic acid (EDTA) (CyoH 6N, O;) was added into
the above solution. The content was again stirred for 3 h at 60°C, Then, the
content was filtered and washed with 50 mL DW and 10 mL ethyl alcohol.
After that, the residue was dried at 100°C and annealed in air at 500°C for
5 h. After annealing, the residue resulted in the off-white colored N-doped
TiO, NPs.

Characterization: The prepared powder samples were characterized
by powder XRD. XRD data of the samples were collected in the 20 range
of 10° — 90° in step scan mode at a rate of 0.2° min-' using ULTIMA
IV, Rigaku Corporation, Japan, diffractometer with source Cu Ka (Kal
1.5406 and Kal = 1.5444 A] radiation. Nicolet iS10, Thermo Scientific,
USA FTIR spectrometer was used to record FTIR spectra of the NPs in
the range of 400-4000 cm™' with the transmission mode. The surface
morphology of samples was investigated by using FE-SEM Hitachi $-4800
system with EDAX analysis was performed to determine the elemental
composition of the samples. A JEOL JEM2100F field emission gun-
transmission electron microscope (HR-TEM 200kV) operating at 200 kv
with resolution (Point: 0.19 nm Line: 0.1 nm) and magnification (50X~ 1.5
X) was employed for generating HR-TEM image of the NPs. UV-Visible
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diffuse reflectance spectra of all the samples were recorded in the range
of 200 —800 nm, using an ELICO - SL159 UV-Visible spectrometer.
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Impact of Dr. Babasaheb Ambedkar’s thoughts on Dalit Autobiography:with special
reference to Sharankumar Limbale’s, ‘The Qutcaste’

Mr.Balaji Hanmanlu Karhade
Asst. Professor, Department of English, Ramkrishna Paramhansa Mahavidyalaya, Osmanabad (M. S.)

Abstract:

Dr. B. R. Amedkar gave ultimate importance to humanist ideology. His speeches and wrings are
mainly based on equality among human beings. Inspired by him, Dalit literature holds the human being to
be its focal point. The principles of ‘Liberty, Equality. Fraternity and Social Justice’ which
BabasahebAmbedkar upheld in his life, and his message, ‘Educate, Agitate and organize’ to his millions of
followers found reverberation in Dalit Literature. Dalit writings/literature is a literature of Dalits, group of
the marginalised which includes the inferior castes and classes and women as well, who have penned down
their thoughts and feelings. It is literature that helps them to make others listen to the screams of their pain
which was not heard before; education among them at last, forces them to express their pain with the help
of pen. The present paper makes an attempt to examine the impact of Dr. B. R. Ambedkar’s thoughts on
Dalit writer, the representation of the enslaved, exploited life of Dalit people and their revolt against
discrimination based on notion of race. religion and caste in translated Autobiography - Akkarmashi’by
Sharankumarlimbale.

Keywords: Dalit Literature, autobiography, violence against Dalit

"The pen is mightier than the sword" The sentence was coined by English author Edward Bulwer-
Lytton in 1839 for his play *Cardinal Richelieu’ Or *The Conspiracy’ which means‘word is more effective
than violence as a tool for communicating a point™. It is writing and literature that helps Dalit people to
make others listen to the screams of their pain which was not heard before: education among them at last,
forces them to express their pain with the help of pen.Dr. B. R. Ambedkar once said that the literature
should be a medium to dispel the darkness of ignorance of Dalits. BabasahebAmbedkar will remain the
ultimate source of inspiration for Dalit literature.

The word Dalit means “oppressed” or ‘broken” which has been used in in 1930s as a Hindi and
Marathi translation of “depressed castes’. It was first used by JyotibaPhule and B.R. Ambedkar in the early
decades of the twentieth century and has been used since the First Conference of the Maharashtra Dalit
SahityaSangha in the state of Maharashtra, India in 1958. Known by different names of Achut, Panchamas.
Atishudras, Avarnas and untouchables they constitute a huge percentage of the population of India. These
people facing the discrimination based on notion of race, religion and caste. Dalit people are marginalised
and facing humiliation due to upper caste people. Slowly but surely the scenario is changing: Dalit people
trying to break their shackles and resist to oppression they face.These people were inspired by
B.R.Amedkar and JetibaPhule’s Movement.Babasaheb’s ideas about social justice are evident in his
defence of the untouchables. Before the Southborough commission, the Simon commission. and the round
table conferences, his publications such as MookNayak, Bahishkrit Bharat. Janatha and Samatha. his
efforts with BahishkritHitkarinisabha, his entry into the Kalaram Temple and the burning of Manusmrithi.
and the total life of Babasaheb and his work, ideas and message awakened the Dalit society, Dalit
movement and the Dalit writers. The movement of his actions for rights and equality sowed the seed for
Dalit literature.Dalit Literature is an attempt to articulate unheard, unspoken voices. Dalit Literature forms
an important and distinet part of the Indian literature. It started with writings in Marathi language and soon
appeared in other different regional languages like Hindi. Kannada, Telugu and Tamil in different genres
like fictions. drama, poems sho.. stories, autobiographical and biographical nature. English language
promised writers of regional Indian literature, worldwide readership and fame. Due to this reason works
written in various Indian regional languages were translated into English. In the case Dalit writers. they
were marginalized in their pursuit of knowledge so they did not have access to English language or
preferred their own regional languages over English language to write about their agony. So their works
were translated into English language.

Dalit literature is not merely a literary form, but it is a form of social protest, an assertion and an
expression which describes Dalit life and experience, it is used as a tool to protest against the
discrimination which Dalit’s are facing from the upper caste people for centuries. Inspired by Dr. B. R,
Ambedkar many Dalit writers like Chandra Bhan Prasad, Om PrakashValmiki, P. Sivakami,
BaburaoBagul, D. R. Jatava, Sharan Kumar Limbale, Premchand and many others took writing as a tool to
wage war against diserimination. Many Dalit writers have come out with their autobiography as Om
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PrakashValmiki’sThoothanandPalanimuthuSivakami’s The Grip of Change. These autobiographies are
unlike others, and these are full of pain and sufferings because of the caste system.

0. P. Valmiki states “T suffered a deep mental anguish while writing this beok. How terribly painful was
this unraveling of me, layer upon layer.”Autobiography can be defined as the story of one’s own self.
Indian Dalit author chose this genre to voice their concerns and agonized tales. They wanied to tell their
stories of pain and marginalization. SharankumarLimbale once said,“For me and for other Dalit writers
writing is a form of rebellion. Our protest is both on the streets and on paper. My words are my weapons”.
(1) Dr.Ambedkar was very dear to Dalit-heart, as we know his own achievements in the field of learning
are the source of pride, prestige and inspiration to the Dalit writers.NarendraJadhav, famous Dalit writer,
portrays him as a catalyst to their revolutionary life in his novel Outcaste; Ambedkar’s struggles for the
upliftment of dalits were often quoted throughout the text.

The Outcaste:

SharankumarLimbale wrote *Akkarmashi’ at the age of 25 which was translated as ‘The Outcaste’
in 2008 by SantoshBhoomkar. ‘Akkarmashi’ or ‘The Outcaste’ is an autobiography in Marathi of a half-
caste a Dalit man growing up in the Mahar community and the anguish he suffers due to the lack of
belongingness. It portrays the anguish and ridiculousexperiences of his life as a Dalit."The Outcaste’
captures the impacts of violence anddiscrimination against Dalits. In it the author is haunted by the crisis of
identity. Do Ibelong to upper caste or lower caste?He uses the metaphor, idioms and imagery to explore his
inner grief and quest for identity.The author depicts about the humiliating and painful experiences that
heand his family as well as his community undergo just because they belong to whatis regarded as the
impure caste or the untouchables.He faced the discrimination at the school whenhe was a student. The
pupils from high caste like Brahmin and Wani sat in class and the Maharboys sat at the entrance of the
door. The school teacher called him the son of a witch. Whenhe joined the school, on the very first day.
bovs who belong to upper caste throw stones at him and called him the child ofthe Mahar.

While describing the horrors of caste Sharan narrates how the plight of the women is multiplied by
internal and external intrigues. Two women Santamai and his mother Masomi play a very important role in
his life. Sharan was brought up by Santamai and it was always love-hate relationship with his mother.
Santamani was more a mother to him than a grandmother. She did all sorts of work like sweeping, the
village streets. collecting dung and making round cakes of dung. selling them dry. When Sharan used to
crv out of starvation for Bhakari his Santamai would beg around the village and got him something to eat.
The liquor busiress in their home was very tormenting for him. Limbale’s mother sold liquor for money
but her customers would also start flirting with her.“Many a time [ saw them holding my mother’s hand
while she served them drinks. [ was helpless. the very nature of this liquor business was such™ (Limbale
29).These women, who comprise about 16% of India's female population, face a "triple burden” of gender
bias. caste discrimination and economic deprivation."The Dalit female belongs to the most oppressed
eroup in the world; she is a victim of the cultures, structures and institutions of oppression, both externally
and internally. This manifests in perpetual violence against Dalit women" Dr SurajYengde. author of Caste
Matters. (2)

Sharan says hunger makes a man a thief and a woman becomes a whore.People, who have enjoyed
high caste in the village and authority, have exploited theDalits.“God discriminates between man and man.
He makes one man rich and another poor. One ishigh caste, the other untouchable. What kind of God is
this that makes human beings hateseach other? We are all supposed to be the children of God, then why are
we considereduntouchable. 27°(62)The most annoying experience to Sharan was to get signature of
Sarpanch on his freeship application form. His identification of caste and his father’s name was hellish for
him. He cries out"But 1 too was a human being what else did 1 have except a human body? But a man is
recognized in this world by his religion caste or his father; I had neither father’s name nor any religion nor
a caste. [ had no inherited identity at all”.(59)When he went to boarding school at Chapalgaon, there he
met the Dailts boys and he started to learn about Buddhism. He said “our caste had been thrust upon us
even before we were born. But some day we ought to rebel. How many times are we going to be born and
live thus against our wish? Some time we ought to reject all this™.

Sharan had faced discrimination even within his own community due to his half caste birth. He
was not considered eligible for marriage and had faced many rejections. His love interest Shewanta got
married to other man as he was an illegitimate child. Santamai had promised to ask her hand but as it was
not possible she had warned him “The Mahars are a very fierce people. They will cut you into pieces and
there will none to call for us. Our house has neither a male child nor a female one to continue our lives.
They will force us to sleep with them™(27).At the college level, he became more consciousness toward the
injustice against his community. He had friends who were also Dalit and the pain of poverty crushed all of
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them. All boys in the hostel were Dalits and it was like a zoo. We stopped saying Namaskar and started
saying Jai Bhiam. He followed the guidance of B. R. Ambedkar.“Injustice tous assuming a new meaning,
We were awakened under a new consciousnesswhich was becoming more pervasive day by day.” (p 83)
When Sharan acquired education he rebelled against the casteism and humiliation in his own way.
Limbale and his {riend went to the police station to write a complaint against shivram. who was the owner
of a tea stall in the village. They had gone to police station with the cup where the Mahar were given
different cups at the tea stall. He worked as a telephone operator at Ahmedpur. He took his job because of
the poorcondition of his family and he had to discontinue his further education. After all the struggles in
his life, at last he got job and shelter because of the education. Dalits got the education and became the
aware of their right. This change took place in Dalits community because the teaching of the great thinker
Dr. B. R. Ambedkar. Now the Dalits become consciousabout their rights and position in society.
The novel ends on the note on how education transforms the author, how the revolutionary leader
Dr. B.R. Ambedka mould his spirits as a revolutionist and how he takes up writing as mode of weapon to
revolt against the injustice inflicted on the untouchables by putting forward a chain of questions against the
privilege caste in a sarcastic manner.He came to know the value of education. It was the only means by
which he could change his social, cultural and thought processes.
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