Minutes of the meeting of the Departmental Research Project Monitoring Committee
(DRPMC) held on 16.01.2024 at 10:00 am in the office of the Dean Faculty of Sciences,
University of Jammu, Jammu.

PRESENT:

l. Prof. Anju Bhasin (Convener)

2. Prof. H.N. Sheikh, HOD (HOD Chemistry)
3. Prof. Kamal K. Kapoor (Member)

4, Prof. P.K. Srivastava (Member)

5. Dr. Monika Gupta (Member)

6. Prof. Satya Paul (Special Invitee)
7. Prof. D.S. Sambyal (Special Invitee)

Item No. 1: To considee the progress report of Research & Seed Grant assigned to the
following faculty members of the Department of Chemistry:
(i) Prof. K.K. Kapoor  (Rs. 2.0 lakh)
(i) Prof. H.N. Sheikh  (Rs. 2.0 lakh)
(iii)  Dr. Monika Gupta  (Rs. 2.0 lakh)
(iv)  Dr. Ashwani Kumar (Rs. 2.0 lakh)

Resolution:  The faculty members presented the progress report before the committee members
and submitted the hard copy of the same after the discussions and deliberations.
The committee members were satisfied with the progress reports of all the
projects and appreciated the scientific outcome, especially the sanction of projects
by JKSTIC (Prof. K.K. Kapoor, Prof. H.N. Sheikh & Dr. Ashwani Kumar) and
submission of SERB-SURE Project to DST, Gol by Dr. Monika Gupta.

Item No.2: To consider the request of Principal Investigators (PIs) to extend the date of
submission of final utilization certificate.

Resolution: The Principal Investigators (Pls) requested to extend the date of submission of
final utilization certificate by two months, i.e. March 20, 2024, to enable the Pls
to spend the unutilized grant. The DRPMC resolved that the request of Pls be
kindly considered for extension by the Dean Research Studies.

The meeting ended with a vote of thanks.
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Progress Report of Research & Seed Money Grant
Amount Rs. 2 lakh
Received under

Quality Assurance Fund (DIQA)



Progress report of the project entitled ” Designing of recyclable titania based nanomaterials
and their applications in synthesis of heterocycles™ supported by research & seed money grant
assistance, cost Rs. 2 lakh, for formulation of research proposal under Quality Assurance Fund
(DIQA) of University of Jammu, Jammu.

This project has following outcomes:

1) Research & Seed money grant assistance helped in the procurement of chemicals for
carrying out primary research proposal investigation.

2) This grant was further utilized in the preparation of recyclable titania based
nanomaterials.

3) First of all undoped Titania (TiO,) and Copper Nickel co-doped Titania (Cu-T 102-Ni)
are synthesized using a straightforward co-precipitation method. Finally, PolyVinyl
alcohol and copper nickel co-doped titania nano-composite was prepared. It was fully
characterized by various characterization techniques such as FEG-SEM, HR-TEM, F TIR,
TGA, XPS, XRD, Elemental mapping, PL, UV, BET etc. FEG-SEM (Fig. 1) indicates
morphology as 3D porous architectures. HR-TEM (Fig. 2) indicates average particle size

to be 17 nm. EDX and elemental elements indicate the presence of different types of

elements present. (Fig. 3)

FEG-SEM images (Fig.1) HR-TEM images (Fig.2
g
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Fig. 3: EDX and elemental mapping
4) Applications of the developed catalyst were explored in the synthesis of heterocycles

such as 2-aryl benzimidazoles (Schemel) & 2-aryl benzothiazoles (Scheme2).
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Scheme2: Synthesis of benzothiaziole derivatives



5) Synthesized products were also characterized using 1H &13 CNMR, IR studies.

6) Another application was studied in the optical properties of the developed catalyst. The
results showed that the addition of Cu-TiO,-Ni to PVA improved the material's
Ultraviolet—visible spectroscopy (UV) absorption properties. The nanocomposite’s
photoluminescent activity was evaluated. The photoluminescence (PL) spectra of the

PVA/Cu-TiO2-Ni nanocomposite indicated that when the sample was excited at 425 nm,

the emission wavelength was around 665 nm (Fig.4)
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7) Prepared catalyst was found to be recyclable for five consecutive runs what made the
process cost-effective and fall in the domain of Green Chemistry. Recycled catalyst was

also compared with fresh catalyst by using FTIR (Fig. 5)
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Fig. 5: Comparison of fresh and recycled catalyst
8) Papers are published in International Journal of Repute such as in Applied
Organometallic Chemistry, ACS Sustainable Chemistry and Engineering (Accepted).
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9) Research and seed money grant assistance also helped in preparing a complete research
proposal.
Objectives and research methodology followed during this research proposal helped me
in developing a complete research proposal and which I submitted to funding agency
SERB-SURE amounting to Rs. approx. 30 lakh in 2023.
Thanks,

W\ < QS' o) ilj)

Dr. Monika Gupta

(Sr. Assistant Prof)

PG Department of Chemistry,
University of Jammu,
Jammu,



b

LIST OF PUBLICATIONS

INTERNATIONAL
2023

Ankush Mahajan, Monika Gupta, “PVA and copper nickel co doped titania
nanocomposite: Designing, characterization, optical properties and catalytic applications
in the synthesis of aryl derivatives of benzothiazole and benzimidazole” Applied
Organometallic Chemistry DOI:10.1002/a0c.71 95, 2023, e7195 [IMPACT FACTOR:
3.9].

2024

Ankush Mahajan, Ankit Mahajan, Aleksey Kuznetzov, Monika Gupta, “Cu@Ag-
CeO2/Chitosan Nanocomposite: Green Catalyst for synthesis of 4-Arylidene-
[soxazolidinones & Amidoalkyl Naphthols with DFT and Antimicrobial Studies” ACS
Sustainable Chemistry and Engineering (Accepted) [IMPACT FACTOR: 8.1].



Utilization

5.No. | Heads Amount Sanctioned | Utilized | Unutilized |
1 Consumables 1,30,000/- | 1,28,668/- | 1332/-
2 Equipment 50,000/- 48,800/- 1200/-
3 Contingent grant | 20,000/ 18,943/- 1057/-
| Total 2,00,000/- 1,96,411/- | 3,589/-
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RESEARCII ARTICLE

PolyVinyl alcohol and copper nickel co-doped titania
nanocomposite: Designing, characterization, optical

properties, and catalytic application in the synthesis of aryl
derivatives of benzothiazole and benzimidazole

Ankush Mahajan |  Monika Gupta

Department of Chemistry, University of

Tagomas Jawionn fodin The paper examines the properties and potential applications of a nanocompo-

site material composed of polyvinyl alcohol (PVA) and copper nickel co-doped
SIS o titanium dioxide (Cu-TiO,-Ni). The material was synthesized using a simple
Monika Gupta, Department of Chemistry,
University of Jammu, Jarmnu 180006,
Jamunu and Kashmir, India,

precipitation process, and its properties were characterized using various ana-
Iytical techniques, including powder X-ray dilfraction, Fourier transform infra-
Email: monika.gupta77@red Hlimail.com; _— L fis :
R i red spectroscopy, thermogravimetry analysis, field emission scanning electron
drmonikagupta@jammuuniversity.ac.in : ] : - | =

microscopy, and high-resolution tunnelling electron microscopy: Brunauer-
Funding information

Emmett-Teller (BET) surface area was investigated. The results showed that
University of Jammu

the addition of Cu-TiO,-Ni to PVA improved the malerial’s Ultraviolet-visible
speciroscopy (UV) absorption properties. Additionally, the PYA/Cu-TiO,-Ni
nanocomposite material exhibited potential for use in a range of applications,
including catalysis. Its utility in synthesizing aryl derivatives of benzothiazole
‘and benzimidazoles, which are crucial intermediates in the fine chemical,
agrochemical, and pharmaceutical industries and material science, was evalu-
ated. It was found to offer several advantages, including a quick reaction time,
simple workup, and good to excellent isolated yields. These characteristics

make this protocol both practical and economically intriguing.

KEYWORDS

2-aryl benzimidazole, 2-aryl benzothiazole, copper and nickel, Doped titania, PVA

1 | INTRODUCTION

of polymeric nanocomposites.”' ™ Because of their ability
to combine the benefits of polymers and litler compo-

Nanocomposites are a new type of composite that contain
at least one phase with dimensions ranging from 1 to
100 nm."™" Nanocomposites have gained significant
attention due to their improved performance characteris
tics compared with traditional composite materials.*”’
Polymer nanocomposites show immense potential as
lightweight functional materials for the future.**® Inor
ganic nanofillers are now widely used in the fabrication

nents, polymer-based nanocomposites have received a lot
of attention.'*'"” Because of their optical, electrical,
mechanical, and magnetic properties, polymeric nano-
composites have a wide range of applications.” ™
Polyvinyl aleohol (PVA) is a water-soluble polymer
with numerous lechnological, pharmaceutical, and bio-
medical applications.” ™ It is a synthetic polymer that
can be used in nanocomposites as a dispersant or

Appl Urganomer Chem. 202327195
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binder.2”*! PVA, when used as a dispersant, aids in the
even distribution of nanoparticles within a matrix mate-
rial such as plastic or resin.™* PVA, as a binder, can help
to hold nanoparticles together and improve the overall
strength and properties of the nanocomposite.”** PVA-
based nanocomposites have been investigated for a vari-
ety of applications, including catalysis.™ "

Titanium oxide, or titania, is a substance that happens
to exist naturally. 1t is a white, llavourless powder that is
insoluble in most acids and water.”*** Titania is a popu-
lar material used in many dillerent applications, includ
ing UV protection,” self-cleaning surfaces,”’
treatment,™ and as an active ingredient in paints, coat-
ings, and ceramics.”® Titania is a photocatalyst, which
means it may speed up chemical processes when exposed
to light. In many different sectors, including paper.*
plastics, and cosmetics, it is extensively utitised as a white
pigment.*** Moreover, titanium is used as a catalyst in a
variety of chemical processes, including photo-Fenton
reactions,”’ hydrogenation,™ and selective oxidation.*
As a catalyst in the manufacturing of fine chemicals and
the purification of exhaust emissions. TiO, is used to
selectively oxidise alcohols, turning them into aldehydes
and ketones.™" Moreover, it serves as a catalyst in the
manufacture of hydrogen {uel cells and the biofuel con-
version of biomass.”*

Doping a metal is the process of adding impurities to

water

acteristics may be enhanced using it for a variety of pur-
poses.”>™ Doping, for instance, may be used o increase
a metal's conductivity for use in electrical devices or its
optical characteristics for use in optical devices."" More-
over, new electrical and optical characteristics that are
not present in the undoped metal may be created by dop-
ing."** It is also crucial to remember that doping may be
used to modify the conductivity of nonmetals fike semi-
conductors.”* The catalytic activity of metals and metal
oxides is also enhanced by doping.”™* A metal or
metal oxide may have its electrical structure changed by
doping it with additional elements, which can then alter
the material's catalytic activity.*>*’ Titania (TiO,) doping
with metal ions like iron. nickel, or cebalt is one
instance.”” The photocatalytic activity of TiO, may be
increased as a result of the dopants’ creation of additional
active sites on its surface.”’ A more durable surface that
is less prone Lo sintering or deactivation may be produced
through doping, which can also be utilised to increase
the stability of catalysts.”"* By generating new active
sites that are selective for certain kinds of reactants, dop-
ing may also be utilised to modify the selectivity of cata-
lysts for particular processes.”*”

Catalysis plays a vital role in many areas™”” includ-
ing energy production, environmental remediation,”

and pharmaceutical synthesis.”*' It enables more effi-
cient and sustainable chemical transformations by
reducing energy consumption, increasing reaction rates,
and improving selectivity.®>™ Catalysis for C-C cou-
pling reactions refers to the use of catalysts to facilitate
the formation of carbon-carbon bonds. C-C coupling
reactions are crucial in organic synthesis as they allow
the construction of complex organic molecules. It is
extremely [requent (o find heterocycle skeletons in
many natural products, such as pharmaceuticals.™ A
group of substances known as benzothiazoles includes
the chemical molecule 2-phenylbenzo|d]thiazole.™ 1t is
made up of a phenyl group, a six-membered ring with
one carbon atom, and a benzo|d]thiazole ring, a five-
membered ring with one sulphur atom.™™ It is a flexi-
ble molecule with a variety of possible uses.™ It is a
flexible molecule with a variety of possible uses e.g. In
organic electronics and optoelectronics, ie. in the area
of organic field-effect transistors™ and organic light
emitting diodes.” It has been employed as a semicon-
ductor material in organic field-effect transistors since it
was discovered 1o have strong electron mobility. Since
it has been discovered 1o have anticancer™ ' properties
in certain studies and to prevent the proliferation of
cancer cells,™ it also has prospective uses in medicinal
chemistry.™

The chemical molecule 2-phenyl-1H-benzo|d|imidaz-
ole (PBI) is a member of the imidazole class of
substances. It is made up of a phenyl group, a six-
membered ring with one carbon atom, and a benzo[d]
imidazole ring, a five-membered ring with two nitrogen
atoms.™ PBI and its derivalives are adaptable substances
with several possible uses, It has been researched both
as a ligand in the production of metal nanoparticles and
in the area of asymmetric catalysis. It has been discov-
ered that this ligand enhances the enantioselectivity and
catalytic activity of certain processes due to its electron-
donating characteristics.  Optoelectronics and  organic
electronics properties of the material have been
explored.™ In organic solar cells, organic feld-effect
transistors, and organic light-emitting diodes, PBI has
been employed as an active ingredient.”™”" In perovskite
solar cells, PBI has also been employed as a hole-
transporting substance.” Due to their capacity to inter-
act with biological systems and prospective applications
chemistry,”'™ they are also being
researched as possible drug candidates.

Motivated by these factors, we herein report the
synthesis and characterization of PVA and copper
nickel co-doped titania (Cu-TiO,-Ni) nanocomposite and,
thercalter, their application as a nanocatalyst in the
synthesis of aryl derivatives of benzothiazoles and
benzimidazoles.

in  medicinal
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2 | EXPERIMENTAL

2.1 | Synthesis of PVA/Cu-TiO,-Ni
nanocomposite

2.1.1 | Preparation of Cu-TiO»-Ni

Here, undoped Titania (TiO,) and Copper Nickel co-doped
Titania (Cu-TiO,-Ni) are synthesised using a straightfor
ward coprecipitation method. Hydrolysis of the isopropox
ide chain was accomplished by adding the proper amounts
of water. As a starting precursor, THOCH(CHa),}. titanium
(IV) isopropoxide was used. To dissolve 5 mL of THOCH
(CHs)ks, 100 mL of isopropyl alcohol (CH,),CHOH was
usually used. The TiO, precursor solution was added,
along with 4% CuCl, and 4% NiCly, and the mixture was
continuously stirred at room temperature for 1 h. Four
hundred millilitres of deionized water were abruptly added
to the stock solution after stirring. The resulting solution
was aged for 3 h, centrifuged, and repeatedly washed with
ethanol and deionized water. It was then allowed to dry at
reom temperature overnight. Alterward, Cu-TiO;-Ni nano-
particles were created when the powder was heated atl
450°C for 2 h in a muffle furnace.

2.1.2 | Preparation of PVA and Cu-TiO,-Ni
nanocomposite (PVA/Cu-TiO,-Ni)

Cu-TiO»-Ni nanoparticles (500 mg) were initially dis-
persed in 100 mL of deionized water for a few minutes
using sonication. They were then forcefully agitated for
1 h 1o achieve a uniform suspension. PVA aqueous solu-
tions (5 mL) with a Cu-TiO,NEPVA weight ratio of
1:0.050 were then added to the Cu-TiO,-Ni suspensions,
followed by 1 h of magnetic stirring at room temperature.
Following that, 5 mL of ethanol was progressively added
to the mixture. The phase separation happens when etha-
nol is dropped. The samples were washed multiple limes
with ethanol to remove excess PVA before being dried
under vacuum at ambient temperature, The dried PVA
coated Cu-TiO,-Ni nanoparticles were then thermally
treated in a muifle furnace at 180°C for 2 h.

2.2 | Procedure for the preparation of
2-aryl benzothiazoles

A mixture of 2-thiophenol (125 mg, 1.0 mmol) and benz
aldehyde (106 mg, 1.0 mmol) and PVA/Cu-TiO,»-Ni nano-
composite (10 mg) was magnetically mixed at 60°C for
the appropriate time. Thin layer chromatography was
used to monitor the progress of the reaction. Alter

completion, the reaction is quenched with water, and the
resultant solid product was filtered, dried, and recrystal
lised with Ethanol (EtOH) to yield compounds.

2.3 | Procedure for the preparation of
2-aryl benzothiazoles

A mixture of 1,2-phenylenediamine (108 mg, 1.0 mmol)
and benzaldehyde (106 mg, 1.0 mmol) in methanol
(3.0 mL) was mixed, and PVA/Cu-TiO,-Ni nanocompo-
site (10 mg) was added. The reaction was agitated for an
adequate amount of time at 80°C. Following the comple-
tion of the reaction (as monitored by thin layer chroma-
tography), the solvent was evaporated under vacuum and
then dried to provide crude product, which was purified
by column chromatography using hexane/ethyl acetate
as the eluent to yiekd pure products.

3 | RESULTS AND DISCUSSION
3.1 | Characterization

3.1.1 | Fourier transform infrared analysis
(FTIR)

Fourier transform infrared spectroscopy (FTIR) is a tech-
nique employed to examine the molecular vibrations and
chemical composition of a substance. In the instance of
PVA/Cu-TiO,-Ni nanocomposite, FTIR may be used to
identify the different functional groups present in the
material and 1o assess its purity. Titania peaks linked
with Ti-O bonds and vibrations of hydroxyl groups are
two of the most prevalent peaks detected in FTIR spectra.
The FTIR spectra of undoped, Cu-TiO,-Ni, and PVA/Cu-
TiO,-Ni materials are shown in Figure 1. The spectrum
shows many absorption bands with distinct intensity var-
iations. The area from 3553 ¢cm ™' broad absorption band
may correlate to OH stretching vibrations linked to Tita-
nig's anatase phase. Moisture absorption is the primary
basis of these OH bonds. The peak at 2921 ¢cm ™' may be
attributed to CH, asymmetric stretching in PVA. The
absorption bands situated at 1635 c¢m™ are ascribed to
the C-0 and C-C stretching modes. The existence of a
of the nanoparticles surface with the O-H groups of the
PVA. Moreover, the signal at 1328 cm ' might be attrib-
uted to the coordination of PVA molecules with TiQ, sur-
faces. The band corresponding to the CH, asymmetric
stretching vibration emerges at around 969 em™', The
interacting absorption bands at 788 cm ' correspond to
the stretching vibrations of the C-O-C group and the
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flexion vibrations of the anatase phase. Moreover, the
absorption band in the 400 to 600 cm™ range is ascribed
to the transverse oplic vibration of the anatase Titania
Ti-O bonds as well as bending vibration. However, no
distinct absorption band attributable to Cu or Ni is seen.
This finding supports the presence of Cu atoms in the
host Titania matrix.

3.1.2 | Powder X-ray diffraction (PXRD)
Figure 2 shows the X-ray diffraction patterns of nano
TiO, powder before modification. The following signals
at (101), (103}, (004), (112}, (200), (103), (211), (204),
(220), (215), and (224) planes confirm that only the ana-
tase crystal phase is formed, which confirms with the
JCPD 89-4921 standard. Additionally, the peaks of Cu
and Ni were not detected owing to the low content and
indicate the complete assimilation of Cu and NL In addi-
tion to this, a small shifi in 2¢ is observed in the plane
(101) of pure TiO, (25.29°) and Cu, Ni co-doped TiO,
(25.577). This small shifting may be considered as a con
firmation that Cu and Ni are incorporated in the crystal
lattice of pure TiO,. It may also be concluded that the
incorporation of both ions, that is, Cu and Ni. did not
alter the crystal structure of synthesized nano-TiO, (ana:
tase) to rulile. Moreover, the crystal structure of PVA/Cu-
TiO,-Ni is found to be similar to that of Cu-TiO,-NiL.

The particle size of the nanoparticles was calculated
using the Debye-Scherer equation’”":

1300 1000 500

FCost

/ is the full line width at half maximum, D is the crys-
tallite size, 6 is the Bragg's diffraction angle, and 2 is the
wavelength - 1.5406 A,

The average size of the PVA/Cu-TiO,-Ni powder for
20 - 25.303° is estimaled to be around 15 nm.

3.1.3 | Thermogravimetry analysis (TGA)
Thermogravimetry analysis (TGA) is a widely utilized tech-
nique for polymer-based nanccomposites, specifically for
examining their thermal stability. Thermogravimetry
involves monitoring the sample’s mass as a function of
temperature. Thermogravimetry analysis of the synthe
sized nanocomposite PVA/Cu-TiO»Ni has been given in
Figure 3. The analysis finds the degradation of the nano-
composite with temperature (thermal stability). The nano-
composite is quite stable up to 800°C having loss of only
10% which has been recorded in two steps having 3.1% loss
up (o 400°C and 7% loss from 400°C 1o 800°C.

3.1.4 | Ficld emission scanning electron
microscopy (FE-SEM)

Figure 4 shows the field emission scanning electron
microscopy (FE-SEM) study of the PVA/Cu-TiOxNi
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PIGURE 2 Xray diffraction of
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nanocomposite, which shows that the particles have a
spherical-like shape. Moreover, the particles were tiny
and agglomerated in a regular pattern. The Cu-TiO,-Ni
trapped in the polymer matrix appeared as a heavily
agglomerated core of PVA with a shell of Cu-TiO»Ni in
the SEM picture. There was also no pore between the par-
ticles. FE-SEM confirms the nanocomposite is in a well
mixed manner and also helps to substantiate as a good
catalyst. Cu-TiO»Ni particles were found Lo be clear and
freely bound by PVA, providing a high surface area. The
structural properties of TiO, can be improved by the
incorporation of nickel and copper, exhibiting good dis
persion and uniformity on the surface of the obtained

k]
200

L] E L L] 1
306 400 500 600 700 800

Temperature (°C)

nanocomposite by becoming rougher and more porous.
The synergistic effects of polymer support interfaces, and
charge transfer between metal and metal oxide may lead
to enhanced catalytic properties. These nanoparticles
aggregate and connect to each other to build 3D porous
architectures, which is quite favourable for the diffusion
in the inner pores.

3.1.5 | EDX and elemental mapping

All the required elements (Ti, Cu, Ni, C, and O) confirm
the presence of organic PVA in PVA/Cu-TiO,-Ni as well
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FIGURE 4 Field emission scanning
clectron microscopy images of PVA/Cu-
Ti0,-Ni at different magnification at

(1) 20.000%, (b) 30,000, (c) 65,000x,
and (d) 100,000x.

L

) 13 ¥

droTewish YR BestRmg 1B

L] £3 5 3%

WA MdEll TR TR LwTes 56
e Gw Ui i

FIGURE 5 Energy dispersive X-ray
spectrum of PVA/Cu-TiO,-NiL

as of titania, copper, and nickel as shown by energy
dispersive X-ray (EDX) in Figure 5.

Table 1 provides a list of results of the elemental anal-
ysis of PVA/Cu-TiO»-Ni nanocomposite. The presence
and distribution of elements of the prepared nanocompo-
site was also confirmed by the elemental mapping tech-
nique. The images confirmed the uniform distribution of
Cu, Ni, and TiO, over the PVA. Figure 6 shows elemental
maps for C, O, Ni, Cu, and Ti.

3.1.6 High-resolution tunnelling electron
microscopy (HR-TEM)

High-resolution  tunnelling  electron  microscopy
(HR-TEM) images of the nanocomposite at various mag
nifications are given in Figure 7. The size differences

i B ; 1k

TABLE 1 Energy dispersive X-ray analysis of PVA/Cu-TiO,-Ni.
Elt;m_‘eﬂt: Wﬁight‘%’ e Ammic % - ﬁrmr L
CK 549.25 71.55 9.63
OK 26.76 24.25 1051
TiK 13.39 4.06 1.80
NiK 0.28 0.07 9.05

Cukx .32 0.07 9.60

between the nanoparticles are readily apparent. Due to
the edges of one nanoparticle being fused with the edges
of another nanoparticle, they are not precisely spherical.
This is because of the annealing process's Ostwald ripen-
ing.'% Core of PVA with the shell of Cu-TiO»Ni can be
clearly seen. It was also observed that the average particle
size was around 17 nm (Figure 8).
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FIGURE 6 Elemental mapping of PVA/Cu-Ti0,-Ni

3.1.7 | Brunauer Emmett Teller (BET)
analysis
The N, adsorption/desorption isotherm of TiO:

(Figure 9a), Cu-Ti0,-Ni (Figure 9b}, and PVA/Cu-TiO,-N1
nanocomposite (Figure 9¢) was investigated. The iso-
therms were identified to be as Type IV hysteresis loop,
which are the characteristic of mesoporous materials, rep
resentative of narrow slit-like pores, particles with inter-
nal voids of irregular shape and broad size distribution.
(i.e., small particles filled in the gaps between larger parti-
cles leading to a more uniform and smoother surface).
The BET surface areas of TiO,, Cu-Ti0,-Ni, and PVA/Cu
TiO»Ni were measured to be 10, 30, and 29m” g ',
respectively. The total pore volume of TiO,, Cu-TiO; Ni,
and PVA/Cu-TiO»-Ni nanocomposite was found o be
0.01, 0.06, and 0.05 em’ g L respectively, and the mean
diameter of the pore was 6.5, 8.7, and 8.2 nm, respectively,
for TiO,, Cu-TiO,-Ni, and PVA/Cu-TiO,-Ni (Table 2).

3.2 | Optical properties

3.2.1 | Photoluminescence

The nanocomposite's photoluminescent activity was eval-
uated. The photoluminescence spectra of the PVA/Cu-
TiO,-Ni nanocomposite indicated that when the sample
was excited at 425 nm, the emission wavelength was
around 665 nm (Figure 10}

3.2.2 | UV-Vis spectrum

Figure 11 shows the Ultraviolet-visible (UV-Vis) spectros-
copy DRS spectra of the pure TiO, Cu-TiOyNi, and
PVA/Cu-TiO»Ni samples. As can be observed from the
spectra, a strong absorption peak at around 350 nm is
ascribed to the TiO, system, which decreases alter nano-
composite formation. In addition, the nanocomposite
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FIGURE 7
tunnelling electron micrascopy images
of PVA/Cu-Ti0,-Ni at (a) 100, (b) 30,
{¢) 20, and (d) 5 nm (Inset) selected area
clectron diffraction pattern.

High-resolution
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Particle size (nm)

formation also results in a shift of adsorption edge to
higher wavelength region (red shift), which is character-
istic for the TiO, system after metal doping. The band
gap energy is calculated. The absorption, F(R), is related
to the reflectance R in diffuse reflectance spwlm‘;copv
(DRS) mode by the Kubelka-Munk equation'” which is
given by

q =
AR,

where R is the reflectance of the sample.
Figure 12 depicts the Kubelka-Munk plot. For direct
band gap determination, [F(R) ho}® is plotted against

Average Particle size 17nm

FIGURE 8
distribution.

Averaye particle size

35 E2

energy, and the linear part of the curve was extrapolated
to [F(R) * ho)* ~ 0 (Figure 13}, where h is a Planck’s con-
stant and » is the ratio of speed of light {¢) to the wave-
length (A).

This gives rise to a band gap value of 2.6 eV for
PVA/Cu-TiO»Ni, whereas band gap corresponding to
Cu-TiO,-Ni gave a band gap of 2.5 which is smaller than
the band gap of TiO, (2.9 eV).

3.2.3 | Synthesis of 2-aryl benzothiazole
Initially, the reaction between 2-aminothiophenol and

benzaldehyde was selected for the synthesis of 2-phenyl-
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PIGURE Y  Adsorption-desorption spectrum of (a) TiOy, (b) Cu-Ti0,-Ni, and (¢) PVA/Cu-TiO»-Ni,
TABLE 2 BET amlys}a of Ti0,, Cu-TiO,-Ni, and PVA/Cu-TiO,-Ni.
 BET eurfawhrca (m* g = Total pore volume (em’g ) Mean pore diameter (am)
Ti0, 10.7 .01 6.5
Cu-TiO,-Ni 30.2 0.06 87
PYA/CU-TIO-Ni 29.0 005 82

Abbreviations: Cu-Ti0,-Ni, copper nickel co-doped Htanium dioxide; PVA, polyviny! aleohoi; TiO,, tianium dioxide.

3-benzothiazole as a model reaction for optimizing the
reaction conditions (Scheme 1). The role of the catalyst,
reaction temperature, solvent, and reaction time were all
thoroughly investigated. The model reaction was carried
out with varying amounts of catalyst (3, 10, 15, and
20 mg of PVA/Cu-TiOxNi): it was discovered that 15 mg
of catalyst was sulficient. With more catalyst, there was
no substantial increase in yield. The model reaction
was carried out solvent-free at room temperature, 40°C,
60°C, 80°C, and 100°C using PVA/Cu-TiQ»Ni as the
nano catalyst, and it was discovered that the reaction

completed without any solvent at 60°C, yielding 95% of

the required product after recrystallization with ethanol

in 15 min. It was investigated whether solvents could
play an important role in this reaction.

It was observed that the solvent-free reaction gave the
highest yield (93%) in 15 min compared with the other
solvents used in the reaction (for more information, see
Tables $1-84). Finally, after optimising reaction condi-
tions. the synthesis of 2-aryl benzothiazole derivatives
using a variety of substrates, including aromatic alde-
hydes, was performed to study the scope of catalysts, as
shown in Table 3. Aromatic aldehydes with different
functional groups on the phenyl ring, as well as heterocy-
clic aldehydes, gave good to excellent amounts of prod-
ucts (spectral data are given in Figures S1-S8).
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324 | Plausible mechanism

A plausible reaction mechanism for 2-aminothiophenol
synthesis is given in Scheme 2. In the first slep,
2-aminthiophenot (1) and benzaldehyde {2) react 10 gen-
erate a Schiff base intermediate. The amino group of
2-aminthiophenol and the carbonyl group of benzalde-
hyde form the imine linkage in the presence of a nanoca-
talyst PVA/Cu-TiO»-Ni. This resulls in an unstable
intermediate Schiff base (3) that is vuinerable to ring clo-
sure. The next step is the ring closure of the intermediate

Schiff base, which leads to the formation of a thiazole
ring. The thiazole ring is formed by the attack of the sul-
phur atom of the thiol group on the carbon atom of the
imine group. This forms a cyclic intermediate, which
undergoes proton transfer to form the thiazole ring
which then reacts with the thiol group and undergo cycli-
sation o create the intermediate henzothiazoline (4). The
final step involves the aromatization of the thiazole ring
to form the 2-phenylbenzothiazole (5). The aromaticity of
the benzene ring is restored by the elimination of a pro-
ton from the thiazole ring.
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FIGURE 12 Kubelka-Munk
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32.5 | Synthesis of 2-aryl benzimidazole

Initially, the reaction between o-phenyldiamine and
benzaldehyde was selected for the synthesis of 2-aryl
benzimidazole as a model reaction for optimising the
reaction conditions in a methanol as solvent at 80°C
(Scheme 3).

The role of the catalyst, reaction temperature, sol-
venl, and reaction time were all thoroughly investi-
gated. The model reaction was carried out  with
varying amounts of catalyst (5, 10, 15, and 20 mg of

2.5 3.0

Energy (eV)

PVA/Cu-TiOs-Ni); it was discovered that 10 mg of cala-
lyst was sulficient. With more catalyst, there was no
substantial increase in yield. The model reaction was
carried out in methanol {(at room temperature, 40°C,
60°C, 80°C, and 100°C) using PVA/Cu-T i0Q.-Ni as the
nano catalyst, and it was discovered that the reaction
completed with methanol as the solvent al 80°C, yield-
ing 90% of the required product after purification in
40 min.

It was found that solvents play an important role in
this reaction. We investigated the effect of solvent on the
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SCHEME 1 Synthesis of 2-aryl
benzothiazole catalysed by PYA/Cu-
TiO,-Ni.

TABLE 3  Substrate scope for the synthesis of 2-aryl benzothiazole® catalysed by PVA/Cu-TiO-Ni,

Entry  Benzaldehyde Time (min)  Yield (%)"  Product
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TABLE 3
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Entry  Benzaldehyde  Time(min)  Yield (%)°
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Product Obs. M. pt. ('C)/Lit. M. PL. ('C).
. g — 123-125/
u’-\x‘.\\,..f ) /;/ i 123~l"3tm
O0,N
180-182/
181-182!%F
F'%"'s\ I\ 222-224/
\\,’)'NJ/M{\*' & 'N(}: 226_223“”
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144148

g eaction conditions: Benzaldehyde (1 mmol), 2-aminothiophenol (1 meol), and nunccatalyst (15 mg) at 60°C.

Plsolated yield refers 1o yield obtained after recrystallisation.

SCHEME 2
for the synthesis of 2-aryl
benzothiazole catalysed by PVA/Cu-
THO.-Ni.

Plausible mechanism

T

synthesis of 2-aryl benzimidazoles using PVA/Cu-TiOx
Ni nanocatalyst. It shows that only methanol gave the
highest yield (90%) in 40 min compared with the other
solvents used in the reaction (see Tables $53-88). Finally,
after optimising reaction conditions, the synthesis
of 2-aryl benzimidazole derivatives using a variety of
substrates, including aromalic aldehydes, was performed
(o study the scope of catalysts, as shown in Table 4.
Aromatic aldehydes with different functional groups on
the phenyl ring, as well as heterocyclic aldehydes, gave
good to excellent amounts of products {spectral dala are
provided in Figures $9-516).

3.2.6 | Plausible mechanism

Scheme 4 describes the plausible mechanism for the
practical and environmentally [riendly way 10 synthesize
2-uryl benzimidazoles, By condensalion of
2-phenyldiamine (1) with benzaldehyde (2), a Schiff base
intermediate (3) is generated in the first step. The Schiff
hase intermediate then undergoes intramolecular cycliza-
lion to form the benzimidazole ring (4). This cyclization
occurs through nucleophilic attack of the nitrogen atom
in the amino group on the carbon atom of the imine
sroup. The imine nitrogen lone pair attacks the carbon,
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leading to the formation of a cyclic intermediate (4).
Finally, with the loss of a water molecule, the intermedi-
ate (4) was readily oxidized by air: the product is formed
by the elimination of & proton from the C-2 position of
the imidazole ring, leading to the formation of the double
bond between the carbon and nitrogen atoms, which
yield the desired product (5).

3.3 | TON and TOF of the catalyst

The catalyst turnover number (TON) and the turnover
frequency (TOF) are two important quantities used for
comparing catalyst efficiency in heterogencous catalysis.
The TON is determined as the number of molecules that
experience transformation by ratio of active sites Lo prod-
ucts in the presence of 1 g catalyst. Also, the TOF is cal-
culated as TON / degradation time.'"” Hence, TON for
the synthesis of 2-phenyl benzothiazole and 2-phenyl
benzimidazole with the amount of the loading PVA/Cu-
TiO,-Ni nanocatalyst is calculated to be 3.2 x 1677 and
3.1 x 107, respectively. The TOF of PVA/Cu-TiO,Ni
nanocatalyst was found to be up to 2.1 x 10 ° and

zole and 2-phenyl benzimidazole, respectively.

3.4 | Hot filtration test

The hot filtration test is employed to determine whether
the nanocatalyst PVA/Cu-TiO,-Ni is required for the syn-
thesis of aryl derivatives of benzothiazole and benzimid
azole or nol. During this test, the catalyst was removed
from the model reactions of benzaldehyde with
2-aminothiophenol to give 2-aryl benzothiazole and also

SCHEME 3 Synthesis of 2 aryl
henzimidazole catalysed by PVA/Cu-
Ti0,-Ni.

;A=

other reaction of benzaldehyde with o- phenylenedia-
mine lo give 2-aryl benzimidazole after 8 and 20 min,
respectively, by filtering it while it is still hot, and the
reaction was monitored for continued activity. It was
found that the reaclion comes to an end afler filtration,
which proves that the nanocatalyst was important for the
reaction.

3.5 | Recyclability of PVA/Cu-TiO,/Ni
nanocomposite

Recyelability and reusability are one of the most impor-
{ant criteria for the reaction te be in the domain of
‘Green Chemistry’. To demonstrate the reusability and
recyclability of the nanocatalyst, model reactions of benz-
aldehyde with 2-aminothiophenol to give 2-aryl ben-
zothiazole and also other reaction of benzaldehyde with
o-phenylenediamine to give 2-arylbenzimidazole were
investigated alternately for five cycles; the reaction mix-
ture was dissolved in ethyl acetate, and the catalyst was
separated by filtration after each cycle, washed
with ethano!l, and dried in an oven at 70°C for 60 min
prior o use. The model reaction proceeded with recov-
ered PVA/Cu-TiO»-Ni even after five cycles without any
extension of the reaction time or marked loss in yield.
Infrared spectrum of recycled catalyst is given in
Figure 14,

3.6 | Comparison of catalytic activity
Comparison of the catalytic activity of PVA/Cu-TiOxNi
with the recently published work has been described in
Table 5.
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TABLE 4  Substrate scope for the synthesis of 2-aryl benzimidazole” catalysed by PVA/Cu-TiO-Ni.

Entry Benzaldehyde
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(Continues)
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TABLE 4 (Continued)

Entry Benzaldehyde - Time {(min) Yield (%)" Product Obs. M. pt. ("C)/Lit. M. Pt. (°C)
1231 o=\ =\ 70 70 L 220-221/
J\f\f \ s 223-224'1%
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i : S

“Reaction conditions: Benzaldehyde (1 mmol), o-phenyldiamine (1 mmol), and nanccatalyst (10 mg)at 80°C.
lsolated yield refers to vieid obtained after purification.

SUHEME 4 Plausible
mechanism for the synthesis of
2-aryl benzimidazole catalysed
PYA/Cu-Ti0,-NL
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FIGURE 14 Fourier transform
infrared speetroscopy showing
recyclability of PYA/Cu-TiO-Ni.
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TABLES  Comparison of catalytic activity of designed catalyst with some recent published work.

- - - Reaction
‘ Product Catalyst time
B, 4 Bail gel 6h
Iri :[j 4\, ....... f 5 g
I B Pentaftuorophenyl ammonium 5h
triflate
Camphor sulfonic acid lh
Alkyl carbonic acid 12k
This work 15 min
PS-Tron (1IT}-salen complex 20h
SO H-Fe,0,@8i0, 45 min
Ca@pCD-PEG-mesoGO 2h
Ferrites@wool-50, 1 7h
This work 40 min

4 | CONCLUSIONS

In conclusion, we have success{ully synthesized and
characterized our efficient polymer-based nanocomposite
using various techniques such as FTIR, PXRD, FE-SEM,
EDX, elemental mapping, and HR-TEM. The surface area
of the nanocomposites has been determined. and its opti-
cal properties, including the band gap, have been investi-
gated. The nanocomposite has been successfully applied
as a catalyst for the synthesis of 2-aryl benzothiazole and
2-aryl benzimidazole, demonstrating improved efficiency.
Notably, the calalyst is cost-effective, readily available,
and yields excellent results. It aligns with the principles
of *Green Chemistry” due to its recyclability, which has
been tested for up o five consecutive runs.
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Cu@Ag-CeO,/Chitosan Nanocomposite: Green Catalyst for synthesis of 4-
Arylidene-Isoxazolidinones & Amidoalkyl Naphthols with DFT and
Antimicrobial Studies
Ankush Mahajan?, Ankit Mahajan®, Aleksey Kuznetsove and Monika Gupta™®
@ Deparunent of Chemistry, Uniiversity of Jann, Jammu

¢ School of Biotechnology, University of Janumu, Jammu

¢ Department of Chemistry, Universidad Técnica Federico Saxta Maria 64006, Vitacura 7660251, Santiago, Chile
Abstract

Multifunctional nanocomposite has been developed containing polymer chitosan, nano silver doped
ceria and copper nanoparticles. Cu-CeO; catalysts have been widely used as active catalysts whereas
doping of Ag to CeO, is known to enhance the oXygen storage capacity (OSC) of CeO,. Various
characterization tools such as Powder X-Ray Diffraction (PXRD), Fowrier transform infrared
spectroscopy (FTIR), Thermogravimetric analysis (TGA), Field emission Scanning Electron
Microscopy (FR-SEM). EDX Elemental Mapping. High Resolution Transnussion Electron
Microscopy (HR-TEM). have been used for the nanocomposite characterization. Surface area was
found using Brunauer—Emmett—Teller (BET). Optical properties by UV vis Diffuse reflectance
spectroscopy (DRS), Photoluminescence (PL) spectroscopy has been given. Average nanocomposite
particle size was found to be 4 nm. The nanocomposite optical properties were reported as well. The
synergistic effects of metal-support interfaces. along with charge transfer between metal oxide and
metal. have the capacity to vield noteworthy catalytic properties. The nanocomposite was used as a
catalyst for the synthesis of the 4-arylidene-isoxazolidinones and amidoalkyl naphthols which are the
moieties used in the various useful molecules. Its antibacterial activity for gram positive and gram-
negative bacteria was evaluated. Also, Density Functional Theory (DFT) study was performed which

supported the experimental findings.

Keywords: Ceria. Doping. Silver. Copper. Isoxazoles, Amidoalkyl naphthols, Antibacterial activity.
DFT
Supporting information available
1. Introduction

The development of polymeric nanocomposites, containing polymer matrices and in which at
least one of the filler material particle diameters is of the order of a nanometer. has received a lot of
attention in the last years. 1% Polymer nanocomposites are commercially synthesized for a wide range
of uses. including catalysis®, antimicrobial agents’, tissue engineering.® 7 recreational goods®,
aerospace components®, vehicles'. and so on. Catalysis plays a pivotal role in chemical reactions and

constitutes a fundamental aspect of numerous svnthetic processes across academia. research
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purification of infermediate products. multicomponent reactions have recerved special attention in
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areen synthesis.”

Isoxazole and its derivatives are important heterocycles that are utilised to make synthetic
therapeutics™7. Because of their anti-inflammatory*, fungicidal®®. antioxidant™. analgesic’!,
antimicrobial®2, antiviral properties™, etc.. they are well-known in medicine and organic chemistry.
Synthetic methods aimed at creating this heterocycle core are a constant source of interest, and many
procedures have been developed to attain this goal. A range of biologically essential natural products
and strong medicines, such as nucleoside antibiotics and HIV protease inhibitors like ritonavir and
lopinavir, contain compounds with 1,3-amino oxygenated functional groups.” By using an amide
hydrolysis procedure, 1-amidoalkyl-2-naphthols can be transformed to physiologically active 1-
aminomethyl-2-naphthol derivatives.*®3¢ These substances' hypotensive and bradycardic actions
have been studied.’® Multicomponent condensation of aryl aldehydes. 2-naphthol. and amide in the
presence of nanocatalysts can be used to make 1 -amidoalkyl-2-naphthols 556

Nanoparticles exhibit a wide-ranging antibacterial effect against both gram-positive and gram-
negative bacteria.#70 Despite not fully understanding the specific antibacterial processes of
nanoparticles. various types of nanoparticles fypically produce different effects. The antibacterial
mechanisms of nanoparticles can be categorized into three main groups: induction of oxidative stress.
release of metal ions. and non-oxidative mechanisms.’' These mechanisms may occur
simultaneously. In some studies, silver nanoparticles, for instance, are reported to neutralize the
surface electric charge of the bacterial membrane and alter its permeability. ultimately leading to
bacterial mortality.”*'®

Thus. motivated by the above consideration. we have synthesized and fully characterized the
novel Cu@Ag-CeQ,/chitosan nanocomposite and tested its catalytic activity m the synthesis of the
4-arylidene-isoxazolidinones and amidoalkyl naphthols along with its DFT studies and antibacterial
activity.

2. Experimental Part

2.1. Synthesis of Cu@Ag-CeOy/chitosan nanocomposite

2.1.1. Preparation of chitosan solution

Chitosan powder (1g) was thoroughly dissolved m a 20% v/v aqueous acetic acid solution through
overnight stirring in a 100 mL round-bottomed flask.

2.1.2. Synthesis of silver doped Ceria (Ag-CeO,)

The synthesis of silver-doped ceria (Ag-CeO,) utilized the co-precipitation method. A mixture
of ceric ammonium nitrate (NH,)>Ce(NOs),. 20 g) and silver nitrate (AgNOs. 5.1g. 0.3 mol eq) was

introduced into distilled water (100 mL) and stirred at 80°C for 5 hours. Following this, an aqueous



aye > a1 30 ALD Justdiiidiige LIeinsuy & Chigineentiy

UWWWU\W&WN“‘Q“}WW{I\W&WN—*U\L}CXJ"\I(J\UW%WM—‘CJ\U(JJ‘\JU\MABWNMLJ\EJW‘-JU\W&WM—'C_}

4

approximately 10.0 was achieved. The reaction mixture was then heated at 80°C for 3 hours. The
resulting suspension underwent filtration. followed by multiple rinses with deionized water and
ethanol. The prepared sample was dried overnight at 110°C and subjected to calcination for 3 hours
at 400°C.

2.1.3. Preparation of silver doped ceria—chitosan nanocomposite (Ag-CeO,/chitosan)

A 2 wt% chitosan solution was introduced into a 100 mL round-bottom flask. and 5g (10 wt.%)
of nano Ag-doped CeO» was added to it in deionized water. The mixture was stirred contimuously for
3 hours to synthesize the chitosan-silver-doped ceria nanocomposite (Ag-CeOs/chitosan). The
resulting Ag-CeOy/chitosan mixture was subsequently dispersed in a concentrated NaOH aqueous
solution. filtered. and subjected to multiple washes with water. Finally. the composite was dried at
room temperature.

2.1.4. Synthesis of copper nanoparticles @ silver doped ceria and chitosan (Cu@Ag-
CeO,/chitosan)

A 0.1 M solution of copper sulphate (CuSOys) was prepared in deionized water. The Ag-
CeOy/chitosan nanocomposite served as the support material. The dried Ag-CeO,/chitosan
nanocomposite was stirred for 3 hours in a 100 mL solution of CuSO; (0.1 M). Cu*" ions were
adsorbed onto the Ag-CeQy/chitosan support. After filtration and drying at room temperature, the
prepared nanocomposite was immersed for 1 hour ina 100 mL 0.1 M aqueous sodium borohydride
solution to convert the metal ions into alloy nanoparticles. The shift in colour to black upon immersion
in the NaBH. solution indicated the complete removal of Cu?~, signifying the formation of Cu@Ag-
CeOs/chitosan nanocomposite. However, when exposed to open air. the reduced Cu nanoparticles
immobilized in the Ag-CeQx/chitosan oxidized. ~
2.2. Procedure for the preparation of 4-arylidene-isoxazolidinones

A solution of ethyl acetoacetate (1 mmol), hydroxylamine hydrochloride (1 mmol), and aromatic
aldehvde (1 mmol). Cu@Ag-CeOy/chitosan (10 mg) as catalyst in Ethanol / water (10:1) was
magnetically stirred at 80 °C for the required period. TLC ( n-hexane ethyl acetate: 10/3 v/v) was used
to monitor the entire consumption of the starting ingredients. After the process was completed, the
catalyst was removed from the reaction mixture by dissolving it in hot EtOH and filtering 1t out. After
adding 10 ml of cold water to the filtrate. the precipitate was collected by filtration and rinsed with a
cold ethanol—water mixture. The pure product was dried and identified using spectroscopic data and
by comparing melting points to reported values.

2.3. Procedure for the preparation of amidoalkyl naphthols
To a mixture of aldehyde (1 mmol). 2-naphthol (1 mmol) and amide/urea (1 mmol), Cu@Ag-

CeO,/chitosan as catalyst (10 mg) was added. The reaction mixture stirred magnetically at 100 °C for

annranriate fimas Tha nrnorace of tha raastinn wac mnnitared e thin laver chramataoranhy Aftar
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acetate washed with water, The catalyst was separated from the filtrate. The residue was dried and
recrystallized from ethanol or by column chromatography (EtOAc/Hexane 40:60).

2.4. Computational details

DFT studies were performed with the Gaussian 16 software.™ In our study we used the
Ce;CuAgO-, model, which was connected through the oxo-bridge to two chitosan monomer units used
to model the chitosan polymer. The calculations were performed with the hybrid density functional
B3LYP'™ with the SDD basis set. which is the Dunning/Huzinaga full double zeta basis set up to Ar®
and Stuttgart/Dresden ECPs on the remainder of the periodic table®*-*3, the approach furthermore
referred to as B3LYP/SDD. We did the computational studies and the analyses listed below with the
B3LYP/SDD approach in the gas phase. Below we counsider the calculated structural parameters.
Mulliken charges, and frontier molecular orbirals (FMOs) for the model studied. Avogadro. version
1.1.1. was used to visualize the structure. FMOs. and molecular electrostatic potential (MEP) plot*
85
3. Results and Discussion
3.1. Characterization of Cu@ Ag-CeO,/chitosan
3.1.1. Powder X-ray Diffraction

Figure 1 illustrates the XRD patterns of the Cu@Ag-CeOy/chitosan catalysts. The typical peaks
of fluorite CeO, crystal structure in 20 degrees at 228.6, 33.1, 47.5. 56.3. 59.1, and 69.4 which can
be assigned to the (111), (200). (220), (311). (222), (400), (331) and (420) planes, respectively
(TJCPDS 34-0394). were observed in the pattern. The peak of chitosan is also shown in the Fig. 1. and
a broad peak was observed at the 2-theta value of 20-21° that can be ascribed to the characteristic
peak of chitosan. The peaks of Cu could not be detected. suggesting that Cu nanoparticles were well
dispersed on the support. Additionally, the peaks of Ag were not detected owing to the low Ag content
of the catalyst.3 The particle size of the nanoparticles was calculated using the Debye-Scherer

equation ¥ (equation 1).
= oo Equation 1

B is the full line width at half maximum:
D is the crystallite size;
6 is the Bragg's diffraction angle:
% is the wavelength = 1.5406 A.
Crystallite size was found to be in an excellent range of 4nm.
Additionally. the sharpness of the red peak (XRD peaks of Ag-doped CeO, nanoparticles) as
compared to black (XRD peaks of CeO, nanoparticles) may be attributed to the doping of Ag in the

ceria lattice due to which the crystalline nature of the nanocomposite was formed and thereby

FAYY F ¥ #9
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to the difference in the electron densities of the dopant and the host atoms, which mainly depends on

the scattering factor, sm{cfm-ez.famr_._ ete.

Cu@ Ag-CeO,/chitosan

(111)

s
|
o

Intensity (a.u.)

:”3%%%

f%%ﬁ %@?vs ; xé%’wg’

Chitosan

10 20 30 40 50 60 706 80
20 (degree)

Figure 1. PXRD results for (a) Chitosan (b) CeOy, (¢) Ag-CeO,, (d) Cu@ Ag-CeOy/chitosan.
3.1.2. FTIR study

The main functional groups and their interactions were identified using FT-IR analysis of pure
CeO,. Ag-CeOs. and the Cu@Ag-CeO,/chitosan nanocomposite: the results are given in Figure. 2.
In CeO, absorption peaks can be found at 3553 1632, 1116, 723, and 494cm . The peak at 3553 em’
I is due to stretching vibration of O-H bonds in H,O molecules, whereas the band at 1632 et 1s due
to in-plane and out-of-plane bending of O-H bonds in the adsorbed water molecule. The sharp peak
at 494 cm! corresponds to the surface-bridging oxide's antisymmetric Ce-O-Ce stretching. The FT-
IR findings of Cu@ Ag-CeO-/chitosan revealed seven prominent absorption peaks at 3430, 2922,
The production of Ce~O bonds is responsible for the large peaks detected at 449 and 769 e, The
absorption peak at 1024 cm! is attributed to a weak stretch of -COO- pectin and C=0 amide,
indicating the presence of chitosan. At 1349 cm. the stretching vibration of the major chains of the
C=0 and C—O-C groups was assigned. The stretching vibration of the C=C bond was recorded at
1663 cm-1. The stretching vibration of ~C—H. =C-H. and O-H groups in chitosan is responsible for

the peaks at 2922 and 3430 cm'*. These results were consistent with earlier findings. %%
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Figure 2. FTIR spectra of (a) CeO,, (b) Ag-CeOy, (¢) Cu@ Ag-CeO,/chitosan.

3.1.3. Thermogravimetric analysis (TGA)

-

rdaye o ul 50

Figure 3 depicts a comparison among CeO,. Ag-CeO,. and Cu@Ag-CeO,/chitosan. The

Thermogravimetric Analysis (TGA) graph revealed the stability of the nanocomposite up to 800°C

with minimal loss. In the TGA graph of Cu@ Ag-CeQ,/chitosan. the inifial loss may be attributed to

residual water. and 87% of the catalyst remains undecomposed. Much of this loss, over 10%. occurs

up to 100°C. indicating that the observed decline might be due to the presence of residual water 1

the catalyst. Further degradation of the nanocomposite from 200-300 °C can be due to the chitosan.

s (e
e A 2-C €0,
— CuiEAg-CelO,/chitosan

——— Chitosan

T ——

Weight (%)
=

| | 3 1 3
160 200 200 400 s00
Temprature (°C)

Figure 3. TGA results of (a) Chitosan (b) CeO,, (¢) Ag-Ce0,, (d) Cu@Ag-CeOy/chitosan.

3.1.3. FE-SEM study

T 4 1 a1

1 L}
600 700 800
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structure 1s evident. The particles are quasispherical in shape showing flocculation that are quite
uniformly conglomerated.
3.1.4. EDX study

All essential elements (Ag, Ce. Cu, C, N, and O} are detected. confirnung the presence of organic
molecules from chitosan in Cu@Ag-CeQ,/chitosan. as well as the presence of Ag and ceria. Presence
of copper was also confirmed as shown in Figure 5. Table 1 provides results of the elemental analysis
of Cu@Ag-CeOs/chitosan nanocomposite. It can be seen that 79% of particles weight is of ceria and
Ag together. The presence of copper nanoparticles (around 3%) is clearly indicated as well (Table 1).
3.1.5. Elemental mapping

The elemental mapping technique was applied to the prepared nanocomposite to assess the
presence and distribution of elements (see Figure 6). The images substantiate the even distribution of
Cu and Ag-CeO> across the chitosan. Figure 6 presents elemental maps for C. O. N. Ag, Ce, and Cu,

respectively.

HIE v
A PM | 7.7 mem 20,00 k¥ AD-D00-

Figure 4. Field emission scanning electron microscopy (FE-SEM) images of {(a) Ag-CeQ,, (b)
Ag-CeOy/chitosan, (¢) Cu@ Ag-CeOs/chitosan at 2 pm, and (d) Cu@Ag-CeOy/chitosan at 500

1.
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Figure 5. Energy dispersive X-ray (EDX) spectrum of Cu@Ag-CeO,/chitosan.

Table 1. EDX analysis of Cu@ Ag-CeO»/ chitosan.
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Figure 6. Elemental mapping of Cu@
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3.1.6. HR-TEM study

High-resolution transmission electron microscopy (HR-TEM) substantiated the formation of the
nanocomposite. Ultrafine particles are observable in Figure 7. revealing two types of nanoparticles,
namely Cu and Ag-CeQ;. embedded in the chitosan. The average size distribution of these
nanoparticles was determined to be 4 nm. consistent with the findings from powder X-ray diffraction
(P-XRD) shown in Figure 8. The selected area diffraction (SAED) pattern. as shown in the inset of

Figure 7, revealed the amorphous characteristics of the catalyst.

Figure 7. HR-TEM images of Cu@Ag-CeO,/chitosan at (a) 50 nm, (b) 20 nm, (c) 10 nm, (d)
Snm (inset) SAED pattern.

a Average Particle Stee 4

it Sive fnml

Figure 8. Average size distribution.

3.1.7. BET study

The N, adsorption/desorption isotherms of CeO, (Figure 9a). Ag-CeO; (Figure 9b), and Cu(@Ag-
CeO»/chitosan nanocomposite (Figure 9¢) were investigated. The isotherms obtained for CeQ;. Ag-
CeO,. and Cu@Ag-CeOy/chitosan displayed a Type IV hysteresis loop. indicative of mesoporous

materials. This characteristic pattern signifies narrow slit-like pores. particles with irregularly shaped
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between larger particles. confributing to a more uniform and smoother surface. Additionally. the
isotherms indicated the presence of hollow spheres with walls composed of ordered mesoporous
ceria.

The BET swiface area measurements for CeQ,, Ag-CeO,. and Cu@Ag-CeOy/chitosan were
determined to be 47 m* g™*, 51 m? g7, and 61 m* g™*, respectively. The total pore volume for CeQ,.
Ag-CeOy, and Cu@Ag-CeO,/chitosan was found to be 0.03 em® g™, 0.11 em® g™*, and 0.10 ecm® g™,
respectively. The mean diameter of the pores was measured at 2.6 nm, 8.5 nm. and 6.8 nm for CeO»,
Ag-Ce0,. and Cu@Ag-CeO~/chitosan, respectively. The decrease in pore diameter after
nanocomposite formation can be attributed to the incorporation of nanoparticles into the composite
material. Nanoparticles typically have a smaller size compared to the pores in the original material,
and their presence can fill or block some of the pores. This filling effect reduces the overall pore size.
leading to a decrease in pore diameter in the nanocomposite. Additionally, the interaction between
the nanoparticles and the surrounding matrix may contribute to changes in the material's
microstructure. influencing pore characteristics.

Table 2. BET analysis.

BET surface area Total pore volume Mean pore diameter
(i’ g7l fent® gl (nm)
Ce0; : 47 0.03 2.0
Ag-CeO; 51 0.11 8.5
Cu@w Ag- CeOx'chitosan | 6% 0.10 6.8
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3.1.8. Optical properties of Cu@ Ag-CeO,/chitosan nanocomposite

3.1.8.1. UV-yis spectrum

Figure 10 displays the diffuse reflectance spectra of the Cu@Ag-CeOy/Chitosan nanocomposite. The
band gap energy was calculated using the Kubelka—Munk equation. where the absorption (F(R)) is
related to the reflectance (R) in DRS mode (equation 2).

(L Y !
— Equation 2

F(R) =
In the equation, R represents the reflectance of the sample.
Figure 11 illustrates the Kubelka—Munk plot. revealin g absorption peaks at 500 nm in the UV region.
These peaks stem from charge transfer from O 2 p valence band to Ce** f-band. In CeO,, the valence
band has a width of 4 eV, and the conduction band is at the Ce 5d level. with the Ce 4f level situated
between these two states and just above the Fermi level.
To determine the direct band gap. the plot of [F(R) hv]* against energy is plotted, and the linear
segment of the curve is extended to [F(R)* hv]* = 0 (refer to Figure 12). In this context, h represents
Planck’s constant. and v denotes the ratio of the speed of light (¢) to the wavelength (1). The
extrapolation results in a band gap value of 2.7 eV, which is smaller than the band gap of CeO5 (3.1
eV). A comparison between the band gap of CeQ, and the Cu@Ag-CeO2/chitosan nanocomposite

indicates a red shift,

—Ce0,
80 =

e 42-CeQ),
—— (W@ Ag-CeO,/chitosan

Reftectance (%)

] L} L] L] L}
300 400 580 606 760 S06 960 1008
Wavelength (nm)

Figure 10. Diffuse reflectance spectrum of (a) CeQ,, (b) Ag-Ce0,, (¢) Cu @Ag-CeO,/chitosan.



daye 1001 50 ALD JUsLallalie W THSUY & CHUIneECHng

T e T T I+ AWV 2 T -1 I N S < SV S e+ B R & S ¥ B SRR G N B e TR (e I e T A w TR 5 RS SN VR S T o B L L i T T AR L S e b =

i4

Te— R,
s a-CeQ,
Cui@ Ag-CeO,/chitosan

L] L] L] L] |
500 600 700 S00 900 1660
Wavelength{nm)

Figure 11. Kubelka—Munk plot of (a) CeO,, (b) Ag-CeOs, (¢) CuiwAg-CeO,/chitosan.
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FERM) eV em')?

ra
=
[ ]
th

3.0 3.5 4.0
Energy (eV)

Figure 12. Band gap (direct) determination by plotting [F(R)* hv ]* vs. energy for (a) CeO,, (b)
Ag- Ce0,, (¢) Cu@ Ag-CeOy/chitosan.
3.1.8.2. Photoluminescence study

The photoluminescent (PL) spectra of the Cuf@Ag-CeO,/chitosan nanocomposite reveal that
upon excitation at 425 nm. the emitted wavelength centres around 427 nm. This emitted peak

corresponds to violet light, as depicted m Figure 13.
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Figure 13. Photoluminescence spectra (a) CeO;, (b) Ag-CeO,, (¢) Cu@ Ag-CeO,/chitosan.
3.2. Syntheses of 4-arylidene-isoxazolidinones and amidoalkyl naphthols

3.2.1. Synthesis of 4-arylidene-isoxazolidinones

= — ———— ;3
)i\/l.\ %\._/— | CofAp-CedyChitozan = = /{
OEt + NH.OHHCI + | | s &
1 2 R, R
3{a-I} 4 (a-D)
E’“"‘*; Y Y T e
43R = [ _J 4R =1 _J 4g: R = l\% L ‘\ﬁl\\o
Ci
F 8 é;; iy
4R = [ 4e:R= [ | AR \[ i)
\\T/ MR =" > - "7
B: NO,
Sy i~ ""‘."'...%
4 R= | = r% 3 S R
. L sGR =] 4 R=[_ | sER= [ T
OH /'\\. 2

Scheme 1. Synthesis of 4-arvlidene-isoxazolidinones.

The investigation focused on the reaction involving aldehydes, ethyl acetoacetate, and
hydroxylamine hydrochloride in the presence of the heterogeneous catalyst Cu@Ag-CeQO./chitosan
(Scheme 1). The catalyst's role, along with factors such as reaction temperature, solvent. and reaction
time, were systematically explored. In a model reaction with benzaldehyde (1 mmol. 106.1 mg). ethyl
acetoacetate (1 mmol. 130.1 mg). and hydroxylamine hydrochloride (1 mmol, 69.49 mg). varying
amounts of catalyst (5 mg. 10 mg. 15 mg. and 20 mg) were tested. Notably. 10 mg of Cu@Ag-

CeO,/chitosan proved to be sufficient. as higher amounts did not significantly improve the yield.
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in 95% yield of the desired product. Among various solvents tested, ethanol proved to be the most

efficient, achieving product formation in just 10 minutes (refer to Tables S1-S4 in supporting

mformation). With the optimized reaction conditions. the svnthesis of 4-arvlidene-isoxazolidinone

derivatives was expanded to include various substrates, such as aromatic aldehvdes. The catalyst

[ TV e S & T T & LS9 B L S [ N T I 5 T T & R R & L SR W R - A Y | R A e T U T e L= A T ¥ B R S L i = RS S 5 = I N 5 LR s SN W R R i *= Y o i & o R & B & LT W B T B LR e}

Entry

1 (42)

2 (4b)

3 {dc)

5 (de)

6 (4f)

7{49)

8 (4h)

9 (4i)

10 (49

showcased its versatility by producing significant quantities of products with aromatic aldehydes
exhibiting diverse functional groups on the phenyl ring, as well as heterocyclic aldehydes. (Spectral
data can be found in supporting Figures S1-S§).

Table 3. Substrate scope for the synthesis of 4-arylidene-isoxazolidinones® catalyzed by

Cu@Ag-CeOy/chitosan

Benzaldehyde  Time (min) Yield (%) Product Obs. M. pt. (O)
/Lit. M. Pt.
0 10 95
: 212-214/
III!]/&\.\:H 215-216%
o 5 83
| 193-195/
%, :
| y 189-191%
o
o 12 98
Wfﬁﬁffﬁmﬁ. L66-165/
\\O,ixﬁaJ 168-169
o 20 82
X l\g 122-124/
k- 121-123%
Br~
o 18 84
R 218-220/
i 211-214%
HO :
OH O 10 86
196-198/
[y ® 198-201%6
e
S~~F 12 30
O A 183-185/

183-184%

193-194/
194-196%*

(§**<iii>%- 20 82
NO, 136-138/
H \ / s i 142-1449
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i i

11 (1) 15 80
142-144/
143-14458

12(41) 25 90
239-241/
240-24259

*Reaction conditions: Benzaldehyde {1 mmol). ethyl acetoacstars (| mmol). hydroxylamine hvdrochloride (1 mmol). nanocatalvst{ 10 me), and ethanol

i

2mbar 80T,

“Isolated yield refers to vield obtained after crvstallization with ethanc!

3.2.1.1. Proposed mechanism for the synthesis of 4-benzylidene-3-methylisoxazol-5(4H)-one
The proposed mechanism for the synthesis of 4-benzylidene-3-methylisoxazol-5(4H)-one catalyzed
by the Cu@Ag-CeQy/chitosan nanocomposite is illustrated in Scheme 2. In the initial phase of the
reaction, Cu@Ag-CeOy/chitosan activates the carbonvl groups within ethyl acetoacetate.
Subsequently. the elimination of a water molecule results in the formation of oxime (A) through the
condensation of ethyl acetate and hydroxylamine. The nanocatalyst facilitates the activation of oxime
(A). leading to the cyclization of the intermediate (A) to form moiety (B). In the subsequent step.
Knoevenagel condensation occurs between intermediate (B) and aldehyde in the presence of the

catalyst, followed by the elimination of H>O to yield 4-benzylidene-3-methylisoxazol-3(4H)-one.

| Cu®Ap-CeO, Chirasan

| CuBAs-CeOyChitesan

CuZAaz-Cel: Chirosa o

CoZag-CeOyChitosan |

Scheme 2. Proposed mechanism for the synthesis of 4-benzylidene-3-methylisoxazol-5(4H)-one
using Cu@ Ag-CeOs/chitosan.

3.2.2. Synthesis of amidoalkyl naphthols
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The synthesis of amidoalkyl naphthol derivatives was used to examine the catalytic activity of
Cu@ Ag-CeO/chitosan nanocomposite. As substrates. 2-naphthol, aromatic aldehydes. and amide
were used (Scheme 3). The model reaction was carried out with varving amounts of catalyst and
reactants benzaldehyde (1 mmol. 106.1 mg). 2-naphthol (1 numol. 144.1 mg), and benzamide (1
mmol, 121.1 mg). The purpose of this reaction was to investigate the effect of reaction parameters
such as reaction temperature, reaction tfime. and solvent. The catalyst amount was also tested, and 3
mg. 10 mg. 15 mg. and 20 mg of Cu@Ag-CeO:/chitosan were chosen to study the reaction. It was
discovered that 10 mg of catalyst was sutficient to achieve a high product yield. The reaction was
carried out at several temperatures. including room temperature, 40. 60. 80, 100, and 120 °C. with
the greatest yield of the primary product obtained at 100 °C under solvent-free conditions. The
reaction time was then explored by monitoring the reaction with TLC; it was discovered that the
reaction completed after 15 minutes. When the identical reactants were tested with different solvents
under different conditions, it was revealed that the reaction progressed quite well solvent free, with
98 percent product achieved 1n 15 minutes when compared to other solvents refer to (Tables S5-S§
m supporting mformation). Ultimately, following the optimization of reaction conditions, the
synthesis of amidoalkyl naphthol derivatives was carried out using a range of substrates.
encompassing aromatic aldehvdes and amides. The goal was to explore the catalyst's applicability, as
depicted in Table 4. Aromatic aldehydes featuring diverse functional groups on the phenyl ring, along
with heterocyclic aldehydes and different anudes. consistently produced satisfactory to excellent

yields (Table 4). (Spectral data can be found in supporting Figures S9-S16).

Scheme 3. Synthesis of 1-amidoalkyl-2-naphthols.
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Table 4. Substrate scope for the synthesis of I-amidoalkyl-2-naphthols catalyzed by Cu@ Ag-
CeO,/chitosan.
Entry  Benzaldehyde (RY) Amide (R?) Time Yield Obs. M. pt. (©)
(min) (Ya)b /Lit, M. Pt.

i

1 (4a) =

O
¥ 230-232/
" T NH, 15 98
7’ ] 234-236100

il 190-192/
2 (4b) F T NI 30 9
| L ' 192-193%
i

h

O
L 206-208/

O
H
O
N H
//
O
. :
gl
O
e
=
O
B
P

h

3 (4¢3
~o
[l 7R- /
P 178-180;
T

4(4d : : NH
o 177-178%6

1

182-184/

5 (4 @ ~ .
0 e : 183-184102

&
o

Yy

&
B

" TNH, 241-243/

6(4 - 20 90
(49 iY \\1\\3:/’7 24«2__243183
NO,
0 s b O : -
@‘0 P 10 85 i
7 (42} Eh s [y NH- s =)
) oy Ny : 237-239%
O H O
P 265-267/
NO g NI
8(4h) W : - 10 82 .
il I kg 264-266°
B
o 0
g 238-249/
s - oo 30 95
9 (4i) H \i—i 53 8_2’40ii}4
0 O
)i\ . 174-176/
10( H H.NT TNH 33 8 6
% : : 172-174%

*Reaction conditions: benzaldehyde {1 mmol), 2-naphthol (1 mmel), amde (1 mmol}, nanccatalyst (10 mg), a1 100 o

2Isolared vield refers 1o vield obramned afrer purificanon.
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+ CuEAg.CelyChitosay -

. miing

CuEAg-CeOyChiresan

-—

Scheme 4. Proposed mechanism for preparation of 1-amidoalkyl naphthol.
3.2.2.1. Proposed mechanism for preparation of amidoalkyl naphthol

The reaction mechanism for the synthesis of 1-amidoalkyl-2- naphthol is depicted in Scheme 4.
A possible reaction mechanism was proposed. To begin. benzaldehyde was activated with Cu@Ag-
CeOy/chitosan. The benzaldehyde carbonyl group was then attacked by benzamide, giving
mtermediates (A). Furthermore, the mtermediate (A) was emploved to attack and condense 2-
naphthol to give (B). Deprotonation of intermediates (B) yielded the desired product.
3.3. Recyclability of Cut@ Ag-CeO,/chitosan

The essential factors i the domain of green chenustry nclude the ability of the nanocatalyst to
be recycled and reused. To demonstrate its sustained effectiveness. we examined model reactions
mvolving benzaldehyde with ethyl acetoacetate and hydroxylamine hvdrochloride (resulting in 4-
benzylidene-3-methylisoxazol-3(4H)-one), as well as reactions with benzaldehyde. 2-naphthol, and
benzamide (resulting in l-amidoalkyl-2-naphthol). over five cycles. In each cycle. the reaction
mixture was dissolved in ethyl acetate. and the catalyst was separated through filtration, washed with
ethanol. and dried in an oven at 70°C for 60 minutes for subsequent use. Importantly, the model
reaction proceeded smoothly with the recovered Cu@Ag-CeQ,/chitosan even after five cycles.
demonstrating no prolongation of the reaction time or significant reduction in yield (Fig 14). Catalyst

was checked with IR for any structural effects which shows no change (Fig 15).
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Figure 14. Recyclability diagram of Cu@Ag-CeO,/chitosan. Reaction conditions (1)
benzaldehvde (1 mmol), ethyl acetoacetate (1 mmol), hydroxylamine hydrochloride {1 mmol),
nanocatalyst (10 mg), and ethanol (2 ml) at 80 C (2) benzaldehyde (1 mmol), 2-naphthol (1
mmol), amide (1 mmol), nanocatalyst (10 mg), at 100 C.

Cuf Ag-CeOy/ chitosan {recycled)

CuE Ag-CeDy chitossn

=

*

1 ¥ ¥ L] L]
3500 3000 2500 2000 1500 1000 300

Trausmittance (%)

Wavelength (nm)

Figure 15. IR data for recyclability of Cu@ Ag-CeO,/chitosan.
3.4. Synergistic effects in Cuf@ Ag-CeO,/chitosan

The FE-SEM analysis reveals a well-blended nanocomposite that significantly enhances catalytic
performance. Clear and evenly dispersed Cu and Ag-CeO, particles were observed throughout the
chitosan matrix, creating a substantial surface area. The introduction of copper and Ag-CeO- enhances
the structural features of chitosan. evident in increased rouglmess and porosity on the surface of the
resultant nanocomposite. This improvement signifies heightened dispersion and unmiformity. The
synergies occurring at the interface between the metal and support. along with the exchange of

charges between the metal and metal oxide. could potentially enhance catalytic performance.
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The antibacterial effectiveness of ceria (CeQ,). silver-doped ceria (Ag-CeQ,). silver-doped
ceria/chitosan (Ag-CeOy/chitosan). and copper plus silver-doped ceria/chitosan (Cu@Ag-
CeO,/chitosan) nanocomposite against Escherichia coli (gram-positive) and Klebsiella pneumoniae
(gram-negative) bacteria was assessed through the agar well diffusion technique. Bacterial plates
were prepared usmg the standard pour plate procedure. with glycerol stock cultures of bacteria
revived and inoculated onto nutrient agar. The agar media, autoclaved for each experiment. was
inoculated. and poured into petri plates. Wells were created. filled with various concentrations of
nanoparticle samples, and controls (autoclaved distilled water and chloramphenicol) were included.
Autoclaved distilled water and chloramphenicol were employed as negative and positive controls,
respectively. The assessment of antibacterial efficacy involved the caleulation of inhibition zones
(ZOI). which were measured around the wells following a 24-hour incubation period at 37°C.

All four nanoparticles exhibited toxicity against the studied bacterial pathogens at different
concentrations. as evidenced by the ZOI against Escherichia coli (Table 5) and Klebsiella pneumoniae
(Table 6). Among them. Ag-CeQ; demonstrated the strongest inhibitory effect against Escherichia
coli. with a ZOI of 16 mm at the highest concentration (0.5 mg/ml) (Figure 16). Further investigation
into the minimum inhibitory concentration (MIC) revealed that Ag-CeO, was most potent against
Escherichia coli. with a MIC of 2.5%. Interestingly, the efficacy decreased when Ag-CeO; was added
into chitosan (Ag-CeOs/chitosan). having a 10% MIC. Copper and Ag-CeO,/chitosan (Cu@Ag-
CeOs/chitosan) showed no anti-Escherichia coli activity (Figure 17).

Agamst Klebsiella pneumoniae. CeO, doped with silver (Ag-CeO5) exhibited the strongest
inhibitory activity. with a ZOI of 15 mm (Figure 15). The potency increased upon doping ceria with
Ag, resulting n Ag-CeO; having a MIC of 2.5%. However. the MIC further decreased to 10% and

75% on adding Ag-CeO, to chitosan (Ag-CeQ-/chitosan) and Cu@Ag-CeOs/chitosan. respectively.

Table 5. ZOI of different nanoparticles against Escherichia coli.

Tl s - i

- Positive control  100% : :
e ol — e i _ .
Ag-Ce0, % 25.0 16.0 150 - Tiap T 130
Ag-CeOychitosan 26.0 15.0 130 110 1.0
Cu@Ag-CeO/chitosan 23.0 =i . | : :
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Table 6. ZOI of different nanoparticles against Klebsiella pneumoniae.

Cu@Ag-CeOychitosan 290 0.

Figure 16. Antibacterial activity of (a) CeO,, (b) Ag-CeO,, (¢) Ag-CeOy/chitosan, (d) Cu@Ag-
CeO,/chitosan against Escherichia coll.

Figure 17. Antibacterial activity of (a) a) CeO,, (b) Ag-CeO,, (¢) Ag-CeO,/chitosan Cu@Ag-
CeO,/chitosan against Klebsiella pneumoniae.

3.6. Comparison of the catalytic activity of Cu@ Ag-CeO,/chitosan

Comparison of the catalytic activity of Cu{@ Ag-CeO,/chitosan with recently published work has

» “ . L
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Table 7. Comparlsnn of catalytic activity of designed catalyst with recent pubixshed works.

Reaction | Reaction  Yield |
Product Catalyst : References
Time | conditions (%)

Solvez},taﬁ .
2eohte ‘i _

100 min H,O.RT 88 Khandebharad et al%

S%ﬁffﬁfi- et alé!

Ethanol.

Pyridine 60 min Abhlajan et al.s

reflux

= G @ '&gfc.é(]a.f'clﬁfosén

:Schifﬁb&se fimctionalized - . éSolvcm free L N
70min ) 94  Ghorbani et ], ¥
core shell MNPs . 80T i

35min | ~ Singh et al, 18

10 mol% e | t
8min  Microwave 92 Naryanan, et al, 1%

@e’hbk@ﬂ ctal, 1o

Solvent .free.j
. 100°C

Cu@ Ag-CeOo/chitosan 15 mit 90 | This work

3.7. DFT Results
3.7.1. Structural features
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Figure 17. Structure of the model for the Cu@Ag-CeO,/chitosan nanocomposite optimized at
the BALYP/SDD level in the gas phase. Selected bond distances are given in angstroms. Color
coding: red for O, light grey for H, dark grey for C, dark blue for N, light vellow for Ce, silver-

grey for Ag, and orange for Cu.

In Figure 17 the gas-phase B3LYP/SDD optimized model structure for the Cu@Ag-
CeOy/chitosan nanocomposite is provided. We chose for the Cu@Ag-CeO; NP the Ce:CuAgO;
model, which was connected through the oxo-bridge to two chitosan monomer units used to model
the chitosan polymer. The ground state for this model structures was found to be doublet. From the
optimized structure. it can be seen that in the metal-oxo nanocluster both Cu and Ag. along with the
O-centers, are highly accessible for interactions with any molecules approaching the nanocomposite,
thus supporting the observed high catalytic activity of the nanocomposite. From the optimized
structure. it can be suggested also that along with the O-bridges the Cu@Ag-CeO, NP could be
connected to the chitosan matrix by dipole-dipole interactions (exemplified by probable
Ce--OH(chitosan) interactions) and hydrogen bonds (exemplified by probable O(NP)--HO(chitosan)
mteractions). see also discussion of Mulliken charges in the model structure below,

3.7.2. Mulliken charges

In Figure 18 the Mulliken charges and spins on selected atoms of the model structure of the
nanocomposite are provided (it was not possible to perform Natural Bond Orbital analysis due to
technical problems). As can be seen, the oxygens of the Ce;CuAgO; NP carry significant negative
charges. -0.359—-0.610e, whereas the Ce-centers carry significant positive charges. 0.942—0.998e,
but the Ag- and Cu-centers have quite low positive charges. 0.088e and 0.005e, respectively.
Furthermore, oxygen and nitrogen atoms of the chitosan matrix carry significant negative charges.

which would facilitate their interactions.
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Figure 18. Mulliken charges, e, (regular font) and spins (italics) on the selected atoms of the

model for the Cu@Ag-CeOy/chitosan nanocomposite o ptimized at the BSLYP/SDD level in the

gas phase,

with the Cu@Ag-CeO: NPs, as well as formation of hydrogen bonding with these NPs via H-atom
of the OH and, possibly, NH, groups of the matrix. As expected. all unpaired spin density is
concentrated at the Ce;CuAgO; NP, with one Ce-center bearing almost all a-spim., 1.026e. with two
other Ce-centers having negligible amounts of ¢-spin density, 0.001e and 0.005e, whereas the Ag-
center does not have any unpaired spin on it at all. the Cu-center has negligible amount of o-spin
density, 0.001e. and the oxygens carry none or very little of B-spm density. -0.009e and -0.018e.
These results suggest quite high potential catalytic activity of the C (@ Ag-CeO; NPs, tentatively with
the Ce-center(s) playing more significant role than the Ag- and Cu-centers. However. this issue
requires further investigation which was not the subject of the current study.

3.7.3. Frontier molecular orbitals and molecular electrostatic potential (MEP)

Figure 19 presents the frontier molecular orbitals (MOs) (Fig. 19a) and plot of molecular
electrostatic potential (Fig. 19b) for the model nanocomposite structure. As can be seen from fig. 19a,
both HOMO and LUMO are dominated by the Ce;CuAgO- NP, which umplies the Cu@Ag-CeO, NP
participation in the oxidation-reduction and other chemical processes and thus its catalytical activity.
Furthermore. closer consideration of the frontier MOs shows that the HOMO is contributed by
essentially all metal centers and most of the oxygen centers. whereas the LUMO is mostly contributed
by the metal and oxygen centers located further away from the chitosan moieties, which mi ght suggest
ideas about space localization of oxidation-reduction processes occurring on the Cu@Ag-CeO; NP
relative to the chitosan matrix. Further, the MEP plot (Fig. 19b) shows noticeable accumulation of
positive electrostatic potential (as indicated by blue color) on the Ce;CuAgO- NP. especially on its
side located further away from the chitosan matrix. including the Ag-center. This accumulation

renders the nanoparticles electrophilic properties, which supports suggested mechanisms of the
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was suggested to occur. However. this issue also requires more detailed investigation. which should
be the subject of the follow-up study.

(a)

‘. :
HOMO
Figure 19. Frontier molecular orbitals (a) and MEP plot (b) for the model for the Cu@Ag-

CeO,/chitosan nanocomposite optimized at the B3SLYP/SDD level in the gas phase.

Conclusions

We have reported the synthesis and characterization of the efficient polymer-based
nanocomposite which has been studied using a variety of techniques. mcluding FTIR. PXRD, FE-
SEM. EDX. elemental mapping. and HRTEM. along with the computational approach. The
nanocatalyst surface area was calculated. Its application as a nanocatalyst for the multicomponent
synthesis of 4-arvlidene-isoxazolidinones and 1-amidoalkyl naphthol has been demonstrated
successfully. The various nanocomposite properties, including the bandgap, were studied in details.
It was shown to be cost-effective and falls under the category of "green chemistry" because the
nanocatalyst recyclability was tested over the course of up to five consecutive runs. The DFT results
provided significant and comprehensive support for the experimental findings.
Associated content

Materials and characterization of synthesized nanocomposite. Tables, Spectral data, ‘HNMR,
IBCNMR, Mass and IR spectra of synthesized compounds
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Figure 19. Frontier molecular orbitals (a) and MEP plot (b) for the model for the Cu@Ag-
CeO,/chitosan nanocomposite optimized at the B3LYP/SDD level in the gas phase.

Conclusions

We have reported the synthesis and characterization of the efficient polymer-based
nanocomposite which has been studied using a variety of techniques, including FTIR, PXRD, FE-
SEM, EDX, elemental mapping, and HRTEM, along with the computational approach. The
nanocatalyst surface area was calculated. Its application as a nanocatalyst for the multicomponent
synthesis of 4-arylidene-isoxazolidinones and 1-amidoalkyl naphthol has been demonstrated
successfully. The various nanocomposite properties, including the bandgap, were studied in details.
It was shown to be cost-effective and falls under the category of "green chemistry” because the
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