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a b s t r a c t

Pure and manganese (Mn) doped molybdenum disulphide (MoS2) was synthesized by the facile hydro-

thermal approach. The incorporation of Mn2+ ions without affecting the MoS2 crystal structure was verified 

from the XRD spectrum. The FESEM images revealed flower like hierarchical nanostructures with an in-

creased surface area for 3% Mn doping. RAMAN and XPS analysis indicated edge terminated active sites for 

doped sample. A photocatalytic degradation of 97% is obtained for 3% Mn doped sample for methylene blue 

in 55 min. The edge terminated structures comprising rich active sites along with increased surface area is 

accounted to the enhanced photocatalytic activity. To the best of our knowledge, this is the first report of Mn 

doped MoS2 as an efficient photocatalyst for the degradation of methylene blue.

© 2023 Elsevier B.V. All rights reserved. 

1. Introduction

In the last century, industrialization has brought economic 

prosperity and facilitated a better life for human beings. But on the 

downside, it increased the level of pollution which has adversely 

affected the environment. For instance, textile, paper, plastic and 

cosmetic industries discharge a huge amount of organic dyes, and 

wastewater containing organic pollutants into water bodies. These 

pollutants are highly toxic and hard to degrade [1]. Even a small 

amount of organic dyes can seriously affect the aquatic life and 

human beings. So, it is necessary to remove/degrade the toxic dye at 

the source industry itself before they reach the water resources. In 

this scenario, finding a stable and effective method to eliminate 

hazardous dyes from water bodies is of great relevance. Photo-

catalytic degradation is supposed to be a long term, eco-friendly and 

low-cost solution compared to other strategies for the removal of 

organic dyes [2,3]. Titanium dioxide (TiO2) is believed to be a ma-

terial with very good photocatalytic activity towards various dyes 

and has been investigated broadly [4–6]. However, the large 

bandgap (∼3.2 eV) and the absorption of light only in the UV region 

limit its application [7–10]. The current research works are directed 

towards the realization of the novel and efficient materials that 

utilize the visible portion of the electromagnetic spectrum for the 

degradation of organic pollutants.

In recent years transition metal dichalcogenides(TMDCs) have 

drawn much attention for a wide spectrum of applications such as 

energy storage [11], gas sensing [12,13] and optoelectronic applica-

tions [14–16]. The exceptional optical and electronic properties are 

related to its basic layered structure. A layer of covalently bonded 

metal atoms (M) is attached to chalcogen(X) layers through a weak 

Van der Waals force, leading to a general formula of MX2 [17–19]. 

Molybdenum disulphide (MoS2), is a prominent member of TMDCs 

and has been actively researched in the area of photocatalysis 

[20,21]. MoS2 is an indirect band gap material with band gap value of 

the order of 1.2 eV in the bulk form, which is not adequate to activate 

photocatalysis and for the separation of charge carriers [22]. The 

nanostructures of MoS2 possess a direct band gap of ∼ 2 eV which 

have the ability to switch on the photocatalytic activity. The narrow 

bandgap, high mobility of charge carriers and good optical absorp-

tion property in the visible region are some of the beneficial features 

that make MoS2 competent for photocatalysis [23]. Despite these 

factors the quick recombination of charge carriers, insufficient 

number of active edge sites restricts its practical application as an 

efficient and stable photocatalyst [24]. Current studies have shown 

that the photocatalytic activity of MoS2 mostly concentrated on its 

edge sites [21]. Therefore a number of approaches are proposed to 

expose maximum edge sites and thus to improve the photocatalytic 

activity of MoS2 [25]. Doping or modification by chemical routes, 
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Abstract

The optical phenomenon of surface plasmon resonance (SPR)finds applications in bio-imaging,

photocatalysis, biosensors, LED, and solar cells. In the present study, the SPRproperty of lead-free

nanofibers of cesium titaniumbromide (CsTiBr3) synthesized by a two-stage deposition technique is

reported for thefirst time. The optical properties and SPR inCsTiBr3 aremainly promoted by the

spherical-shapedmetal cluster and concave-shapedmetal neck formation of cesiumbromide crystal.

The spherical-shapedmetal cluster formation is confirmed by SEMandHRTEManalysis. The

intensity of optical absorption and emission of CsTiBr3 are amplified by SPR. The intensified

absorption and emission of photonsmakeCsTiBr3 a promising candidate for solar cells, bioimaging,

biosensors, and photocatalysis.

1. Introduction

The phenomenon of surface plasmon resonance (SPR) is a unique optical property exhibited bymetals,

especially by gold and silver nanoparticles, where incident photons are absorbed by conduction electrons on the

metal surface [1]. The intensity of optical absorption and emission is enhanced by SPR and the charge dynamics

can be engineered [2–5]. The organic-inorganic and all-inorganic perovskitematerials arewidely used formany

optoelectronic applications due to their tunable band gap in the visible range, long charge diffusion length, and

low exciton binding energy [6–9].Wenbo et al in recent time reported an enhanced power conversion efficiency

for perovskite solar cells from14.8% to 19.2%by incorporating the SPRnature of gold nanoparticles into the

active layer [10]. The light absorption intensity was enhanced in gold-doped cesium lead bromide perovskite

[11]. The SPRproperty of silver nanoparticles was associatedwith the long carrier diffusion length of perovskites

to achieve better-performing biosensors [12]. A 226%and 86% intensificationwas reported for luminescence

and current efficiency for cesium lead bromide perovskite light-emitting diode by reducing electrode

quenching. The reduction in electrode quenchingwas realized by the SPR of gold nanoparticles [13]. The

nanocomposite of the BaTiO3/Au-based photoelectrochemical immunosensing system alsomade use of SPR of

Au for the amplification of photocurrent intensity [14]. The photocatalytic property of the perovskites can be

tuned by utilizing the surface plasmon resonance of anymetal [15].

A B Scott et al and Jensen et al reported the Localised Surface PlasmonResonances (LSPR) in Cesiumhalides

[16] . The reason for the phenomenon of SPR in cesiumhalides is themetal cluster andmetal necks formed

during the crystallization process. They concluded that cesiumhalide nanorods exhibit SPR rather than cesium

halide nanocrystals. In our present work, we are exploring the LSPRproperty of cesiumbromide to prepare a

lead-free perovskite that demonstrates SPR by itself without doping SPR-exhibitingmetals like gold and silver.

We have already reported the formation of nanofibers of CsTiBr3 via two stage-deposition of CsBr andTiBr4
vapors [17]. Themechanismof formation of CsTiBr3nanofibers was thoroughly explained through the

phenomenon of boundary grooving and cesiummetal cluster/metal neck formation. Themetal cluster and

necks of cesiumbromide influence the optical properties of CsTiBr3. TheUV–visible absorption spectrum and
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Ethylene-propylene-diene rubber (EPDM) composites were fabricated by incorporating aluminium

hydroxide (ATH) and high abrasion furnace (HAF) carbon black using two-roll mill mixing strategy.

The thermal stability, flammability and mechanical properties of the composites were investigated by

thermogravimetric analysis (TGA), limiting oxygen index (LOI), horizontal burning test (UL94 HB),

mechanical testing (UTM) and dynamic mechanical analysis (DMA). TGA profiles showed that,EPDM/

ATH composites presented incremented char residue and reduced mass loss rate compared to control

EPDM. The incorporation of ATH was found to benefit the flame retardancy of composites. The storage

modulus (E’) of composites peaked due to the increased stiffness of the material with filler loading.

Investigation of visco-elastic properties showed the existence of strong polymer - filler interaction. The

morphology of the composites under study and the corresponding char residue obtained after their

LOI testing were investigated by scanning electron microscopic studies (SEM).

Copyright � 2023 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of 2nd International Conference on Sustainable Materials,

Manufacturing and Renewable Technologies 2022 (i-SMART 2022).

1. Introduction

Ethylene-propylene-diene terpolymer (EPDM) proved to be a

versatile material for their properties depend mainly on their

chemical composition, microstructure of their copolymer, diene

present. Based on the propylene unit content, amorphous to

semicrystalline matrices may be formed. Besides, presene of diene

facilitates cross-linking of the EPDM chains through sulfur vulcan-

ization or peroxide cure.. EPDM is extensively used in fields such as

automobile industry, cables, electronic equipments etc., owing to

its electric properties, heat resistance, ozone resistance, chemical

resistance, and low temperature flexibility etc. [1,2]. However,

main drawback for almost all thermo plastic elastomers (TPEs),

including Ethylene-propylene-diene terpolymer, is their flamma-

bility, which restricts the realms of their application leaving secu-

rity at stake. Hereforth, EPDM must be modified with flame

retardant fillers. There has been much research on the flame

retarding properties of EPDM-based blends such as EPDM/

polypropylene (PP) [3,4] and EPDM/polyethylene (PE), [5,6] instead

of control EPDM. Most of these research on flame-retardant EPDM/

PP and EPDM/PE, focussed on halogen based additives, such as

decabromobiphenyl oxide (DBBO), and antimony trioxide

(Sb2O3), [4] and aluminium hydroxide (ATH) [7]. Halogen based

flame retardants emits toxic gases on combustion posing health

hazards and under this present scenario of environmental and

health concerns,the development of effective halogen-free flame

retardants became one of the most popular topics. [8].

In this work, flame retardant EPDM composites were fabricated

using aluminium hydroxide. The thermal, flame retardancy, and

https://doi.org/10.1016/j.matpr.2022.09.369
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Posthuman insights for environmental education:

A study based on Asha Menon�s critics

Dr. Shimi Paul Baby

The ambivalence of man, who was considered the cor-

nerstone of value concepts and social progress, to evolve into a

geological agent that disrupts the balance of the earth, becomes

prominent in posthuman studies. Posthumanism  marked by the

opening of the interaction between nature and man by demand-

ing corrections in the anthropocentric understandings that have

been constructed and acquired so far in order to highlight the

human being's inner essence. Posthumanism sets the stage for a

worldview that recognizes non-species as species and embraces

humans, objects, and constructed intelligence without losing sight

of its habitat. It is the various and varied possibilities that

posthumanism possess that the same conceptual  framework that

sees the construction and assimilation of knowledge as the con-

struction of counter-consciousness in environmental ethics is suf-

ficient to analyze the inter-conflicts that intersect between human

and cyborg concepts.

Key words: Posthumanism, Antropocene, Biocentric,Cyborg, Geo-

logical agent.
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a b s t r a c t

In this work we report the room temperature intrinsic ferromagnetism of pulsed laser deposited few lay-

ers of WS2. The ablation was carried out by employing the fourth harmonics of Q-switched Nd-YAG laser

(266 nm) at a temperature of 700 �C on Si/SiO2 substrates. Few layers of WS2 were confirmed by Raman

and AFM measurements. The photoluminescence spectrum reveals the defect free nature of few layers of

WS2 and exhibits intense emission near the band gap. VSM measurements have explored the room tem-

perature intrinsic ferromagnetism in a few layers of WS2 thin films with a saturation magnetisation of

20.1 lemu. This is the first report of intrinsic ferromagnetism in PLD grown few layers of WS2. The room

temperature intrinsic ferromagnetic properties in a few layers of two dimensional WS2 can be exploited

to design atomically thin spintronic devices.

Copyright � 2022 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of the International Confer-

ence on Emerging Trends in Material Science and Technology – 2022.

1. Introduction

Inspired by the discovery of graphene two dimensional (2D)

transition metal dichalcogenides (TMDCs) received much interest

in the field of material science [1,2]. These low dimensional mate-

rials with unique optical and electronic properties will be domi-

nant in the upcoming generation of optoelectronic devices [3].

They exhibit X-M�X layered structure with a metal atomic layer

sandwiched between the chalcogen layers [4,5]. This layered struc-

ture allows them to make a cross over from indirect band gap to

direct band gap when they are scaled down from bulk to mono

\few layers [6–8]. In the group of TMDCs WS2 is a prominent mem-

ber and the least investigated one compared to others. It possesses

the highest carrier mobility due to its smallest effective electronic

mass, strong thermal stability, more resistance to oxidation and

larger spin–orbit coupling etc [9,10]. Some of the major application

of WS2 includes sensors[11], transistors[12], photovoltaics, hydro-

gen storage etc [13,14].

The optical and electrical properties of 2D materials are most

investigated based on these applications. The magnetic features

of these layered materials remain unexplored to a great extent.

The magnetic studies reveal the ferromagnetic behaviour of

mono\few layer TMDCs rather than the diamagnetic character of

the bulk TMDCs[15]. Tuning the magnetic properties in 2D layered

materials can open up new perspectives in the future of spintronic

and quantum information devices [16,17]. A ferromagnetic semi-

conductor allows the controlled generation and detection of spin

currents, which facilitate the fabrication of low dimensional spin-

tronic devices. There was many attempts performed to induce

long-range ferromagnetism in 2Dmaterials. Introduction of defects

into the lattice, transition metal doping, applying tensile strain,

modification in the edge structure and saturation rate etc are some

of the methods to realize the ferromagnetic behaviour in these

materials [18]. Lie et al [19] proposed the magnetic properties of

MoS2 nanoribbons with armchair and zigzag edges using first-

principle calculations. Zhang et al examined the ferromagnetism

in WS2 nanoribbons with zigzag edges using the first principle cal-

culation [20]. Most of the reported works on magnetic studies are

restricted to the theoretical aspects of WS2. There are reports on

experimental studies on the magnetic characteristics of WS2. Ding

et al [21] reported the enhanced ferromagnetism induced by

defects in WS2. In another report room temperature ferromag-

netism exhibited by high quality vanadium dopedWS2 monolayers

https://doi.org/10.1016/j.matpr.2022.04.120
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Surface plasmon resonance induced impressive absorptive nonlinearity 
from C-2-phenylethenilcalix [4]resorcinarene silver hybrid system 
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A B S T R A C T   

We experimentally demonstrate the enhanced absorptive nonlinear response from a hybrid system developed 
through the noncovalent interaction of C-2-phenylethenilcalix [4]resorcinarene (CPECR) with the silver nano-
particles (Ag NPs). The modified absorption spectrum and significantly reduced emission spectrum confirm the 
hybrid system formation. The characteristic shift in the Raman peaks ensures the charge transfer between CPECR 
and Ag. The absorptive nonlinearity of the hybrid system at the surface plasmon resonance (SPR) band of Ag NPs 
was studied by the z-scan method using a Q-switched Nd: YAG laser with nanosecond pulsed beams having a 
repetition rate of 10 Hz at 532 nm. The dominance of the hybrid system formation over the pure system is the 
emergence of impressive nonlinear response at low input intensity resulting from the synergistic effect of 
effective two-photon absorption, the photo-induced charge transfer between CPECR and Ag and the local field 
effect produced by the SPR of Ag NPs.   

1. Introduction 

The nonlinear optical system is a promising field for designing op-
toelectronic devices mainly focused on the nonlinear nature of organic 
materials and inorganic semiconductors [1–4]. Nonlinear optics (NLO) 
always pay close attention to poly-conjugated organic materials due to 
their rapid and significant optical response, good chemical stability, and 
tunable optical properties [5,6]. Donor-acceptor systems are suitable for 
NLO studies since intramolecular charge transfer provides extended 
delocalization of π electrons, resulting in increased polarizability and, 
thus, enhanced nonlinear response. Hybrid organic-inorganic materials 
have been an ever-growing field in recent decades because their revised 
properties find application in versatile areas such as sensors, electronics, 
optics, energy storage, energy conversion, etc. [7–9]. Hybrid materials 
with superior NLO properties are developed through the covalent or 
noncovalent interaction between an organic dye with nano-sized inor-
ganic or organic matrices [10,11]. 

Molecular clusters formed through hydrogen bonds, electrostatic 
interaction, stacking interaction, charge transfer interaction, etc., are 
potential functional materials in optics and nonlinear optics [11,12]. 
Among these noncovalent interactions, hydrogen bond interactions are 
crucial for various applications because the properties of the subsystem 

involved are undisturbed compared to isolated molecules. Metal nano-
particles are essential for developing optical applications due to their 
unique surface plasmon resonance (SPR) band arising from the inter-
action of visible light with their free electrons in the conduction band, 
leading to intensified near-field effect. Nanoparticle-based novel mate-
rials exhibit outstanding material properties due to their size between 
molecular and bulk regimes, which find applications in ultrafast optical 
communication and optical data storage [13,14]. 

The primary motive of the present work is to identify the third-order 
nonlinearity of C-2-phenylethenilcalix [4]resorcinarene (CPECR). To 
enhance the identified nonlinearity of CPECR, we developed a novel 
hybrid system through its noncovalent interaction with silver nano-
particles (Ag NPs). Calix [4]resorcinarenes, a resorcinol-derived calix 
[4]arenes, provide a host lattice for versatile guest molecules [15,16]. 
Bredas et al. studied the second-order polarizability of different con-
formers of calix [4]arene [17]. The NLO polarization of calix[n]arene 
with many geometrical arrangements was investigated by Datta et al. 
[18]. Third-order nonlinear optical studies of calixarenes/ calix [4] 
resorcinarene are not explored well to the best of our knowledge [19]. 

Kongor et al. reviewed the interaction of calixarenes with metal 
nanoparticles and their ability to modifying, reducing, stabilizing, and 
functionalizing the nanoparticles [20]. Calixarenes’ hollow cavities and 
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a b s t r a c t

Cellulose nanofibers have displayed great promise for enhancing the mechanical and physical character-

istics of polymer composites. Viable sustainable source such as office waste papers were used for the

extraction of cellulose The cellulose was isolated using an alkali treatment followed by chlorine free

bleaching, and acid hydrolysis method. This is followed by homogenization. The obtained cellulose

nanocrystals (CNC) were carefully studied for its structure, morphology, and thermal properties.

Polyvinyl alcohol (PVA)/starch composite films were prepared with isolated CNC (1, 3 and 5 wt%) by solu-

tion casting method. CNC added to polymer composites increased the film’s mechanical strength and bar-

rier characteristics. Films were characterised by), X-ray diffraction (XRD), Fourier Transform Infrared

Spectroscopy (FTIR), Thermogravimetric Analysis (TGA) and Scanning Electron Microscopy (SEM). The

film exhibited excellent barrier properties and mechanical properties which is desirable for food packag-

ing applications. Successful isolation of CNCs derived fromwaste paper enhanced the use of waste paper’s

fibre resources, resulting in increased economic advantages.

Copyright � 2023 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of the International e-Confer-

ence on Biopolymers.

1. Introduction

The majority of plastics are petroleum-based synthetic com-

pounds that do not decompose when discarded in the environment

after their useful life has expired. With the accelerating depletion

of non-renewable petroleum-based assets and the emergence of

new environmental concerns, there is an urgent need to create

renewable alternatives [1]. As a result, using modified plastic/

natural-based goods can reduce environmental concerns. Many

researchers are interested in natural-based biodegradable compos-

ite materials because of its advantages, such as eco-friendliness,

renewability, and low cost [2]. Polyvinyl alcohol (PVA) is a

biodegradable synthetic polymer made globally, owing to its supe-

rior physical properties, chemical resistance, and complete

biodegradability [3]. PVA is a water-soluble, non-toxic, and non-

carcinogenic polymer having a linear structure. It has good com-

patibility with various other materials, high emulsifying and adhe-

sive capabilities, resulting in a wide range of medical and industrial

applications [4]. Because of its film forming capabilities, biodegrad-

ability, crystallinity, and mechanical qualities, PVA is a synthetic

biodegradable polymer utilised in the packaging industry.

PVA can be combined with starch to make it more cost effective

and biodegradable [5]. PVA is an intriguing option since it can form

films well, is compatible with starch, and has good mechanical

properties. PVA films containing starch has high degradation rate

compared to neat PVA. However, hydrophilic nature of starch
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Photonic crystal cavity-mediated improved
absorptive nonlinearity of C-4-hydroxy-3-
methoxphenilcalix[4]resorcinarene†

Siji Alappattu John, ab Athulya Kadeprath Satheesan,a Simi Pushpan K.c and

Chandrasekharan Keloth*a

The insertion of a nonlinear material at the photonic crystal cavity leads to a strong interaction between

localized photonic modes and the introduced material’s electronic state, leading to exceptionally

improved nonlinear optical properties at low input power. We report the enhanced nonlinear absorption

and optical limiting properties of C-4-hydroxy-3-methoxphenilcalix[4]resorcinarene (CHMPCR) in a one-

dimensional polymeric photonic crystal cavity. Open aperture z-scan measurements with a nanosecond

pulsed laser beam having a repetition rate of 10 Hz at 532 nm from a polymeric-based microcavity

demonstrate a 4.5 times enhancement in the nonlinear absorption coefficient of CHMPCR relative to its

reference film. The phenomenal increase in nonlinear response could be due to the enhanced local

field-assisted effective two-photon absorption arising from the interaction of CHMPCR with intensified

confined light emerging from the resonant excitation at the cavity. The low optical limiting threshold

and enhanced nonlinear absorption of the CHMPCR-based photonic crystal cavity make it a promising

candidate for realizing cost-effective optoelectronic devices.

1. Introduction

The unique features of nonlinear optics, like parametric ampli-

fication, frequency generation, and nonlinear absorption, bring

scientific advancement in biological mapping, sensing, spectro-

scopy, optoelectronics, and photonic devices.1,2 It is possible to

achieve strong nonlinearity at low input power with microcav-

ities due to their ability to localize photons and enhance light-

matter interactions.3,4 Planar microcavities confine light in

minute volumes, modify the local density of photonic states,

and are widely studied due to their application in filters, lasers,

all-optical switching, electrochemical devices, chemical sen-

sors, etc.5–7 The current research mainly focuses on strong

coupling between electromagnetic modes at the cavity with

embedded molecules to understand the effect of light–matter

interaction on material properties.8,9 The radiative rate of

fluorescent materials can be tuned by the localized electric

field confined inside a planar microcavity.10–12 Topologically

engineered photonic crystal structures are efficient platforms

for lasing action, wherein emission is achieved at a relatively

low pump threshold.13,14

Photonic band gap (PBG) structures are the right candidate

to fabricate devices ranging from microwaves to the visible

range of the electromagnetic spectrum. A one-dimensional

photonic crystal (1D PC) is a heterogenous multilayer structure

periodic in one direction controlling propagating light. A 1D PC

microresonator can be fabricated by introducing a defect layer

between two distributed Bragg reflectors (DBR) having localized

photon modes, which finds application in optical signal pro-

cessing and can boost the efficiency of lasers, solar cells,

etc.15,16 The PC cavity exhibits enhanced local field effects due

to the modified local density of photonic states (LDOS) at

the defect mode.17,18 PC microcavities are highly recognized

for manufacturing all-optical elements because they have

high speed and low power requirements.19,20 Since the non-

linear signature of a material builds upon its interaction with

high-intensity light, we can tailor the nonlinearity at low input

power by introducing a nonlinear material as a defect in the PC

cavity structure.21,22 PCs with nonlinear defects are superior

to traditional nonlinear optical systems due to their fast

response, reduced power requirement, tunable properties,

and compact nature, making them ideal for low-cost photonic

integration.23,24

Spin coating, sputtering, evaporation, pulsed laser deposi-

tion, etc., are successful fabrication techniques to develop
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Abstract 

Sustainability in packaging materials is important now with a world overwhelmed by plastic pollution. In this study, antho-

cyanins extracted from banana bracts were incorporated into a biodegradable polyvinyl alcohol (PVA)/starch matrix to 

prepare a colorimetric pH-responsive film for intelligent food packaging applications. Anthocyanins are a class of natural 

dyes that are used to detect pH changes due to the presence of phenolic or conjugated groups. PVA/starch films with varying 

concentrations of anthocyanin (1.5–3%) were made by the solution casting method. FTIR, TGA, SEM, WVTR, and moisture 

absorption were used to characterize the films. Anthocyanin extract added to the PVA/starch film boosted the percentage 

elongation at break but lowered the elastic modulus and tensile strength. pH sensing ability was established by the degrees 

of lightness (L), redness (+a) or greenness (−a), and yellowness (+b) or blueness (−b) values of the prepared films. A test 

for food spoilage was conducted using pasteurized milk. This research proposed a novel technique for fabricating films that 

are suitable for use in food packaging and as a biodegradable substitute for existing packaging materials.

Keywords Anthocyanin · Intelligent packaging · L a b value · pH sensor · Food packaging

1 Introduction

The productiveness of synthetic plastics outstrips the com-

bined biomass of all organisms due to the enormous usage 

of plastics in divergent sectors. The ease of manufacturing, 

cost-effectiveness, and wide applications of plastics and plas-

tic derivatives lead to the production of enormous quantities 

of plastics every year [1]. A major portion of the plastic waste 

accumulated on land and sea, polluting the environment, 

arises from the use of plastics as packaging materials. The 

fact that plastic materials cause harm to biota is due to their 

lower biodegradability [2]. We cannot simply exclude these 

materials from our lives until a better alternative is found, 

especially for packaging materials. Thus, their disposal prob-

lem arises, and its roots are in environmental pollution. We 

cannot simply avoid these materials as they possess numer-

ous applications, especially packing materials. The develop-

ment of bioplastics suitable for current and future applica-

tions could be the best feasible option to solve this problem.

Bioplastics are the greener version of plastics that are 

biodegradable and made from natural sources. They could 

be used as substitutes for synthetic plastic from petroleum-

based products as packing materials, thus ensuring food 

safety with minimal harm to the environment [3]. Nature 

itself provides a wide range of opportunities and sources 

like cellulose, chitin, and starch for the development of 

eco-friendly materials. The incorporation of these green 

 * Tresa Sunitha George 

 tresasunitha@stpauls.ac.in

1 Department of Chemistry, St. Paul’s College, H.M.T colony 

P.O, Kalamassery, Kochi, Kerala 683503, India

2 Centre for Refining & Advanced Chemicals, King Fahd 

University of Petroleum and Minerals, Dhahran 31261, 

Saudi Arabia

3 Department of Polymer Science and Rubber Technology, 

Cochin University of Science and Technology, Kalamassery, 

Kochi, Kerala 682022, India

4 Post Graduate and Research Department of Chemistry, 

Maharaja’s College, Ernakulam, Kerala 682011, India

5 Department of Chemistry, Sacred Heart College, Thevara, 

Kochi, Kerala 682013, India

6 Post Graduate and Research Department of Chemistry, Union 

Christian College, Aluva, Kerala 683102, India

http://crossmark.crossref.org/dialog/?doi=10.1007/s13399-023-04294-7&domain=pdf
http://orcid.org/0000-0003-4143-430X


U
N
C
O
R
R
E
C
T
E
D
P
R
O
O
F

1 Phytosynthesized Cu-Doped Cerium Oxide Nanoparticles
2 for Antibacterial Application

3Q4

Q5

Aleena Norbert, Surya Mary A., Sareen Sarah John, Sadasivan Shaji,
4 Stephen K. Remillard, Uday P. Deshpande, and Rachel Reena Philip*

23 1. Introduction

24 In low- and middle-income countries, illness and death occur

25 mainly due to food- and waterborne diseases. Consumption of

26 contaminated food and water with pathogenic microorganisms

27 such as bacteria, viruses, parasites, and other chemical substan-

28 ces leads to serious diseases ranging from diarrhea to cancers.[1,2]

29 Nanotechnology-empowered novel water purification and food

30 safety interventions in production, packaging, transportation,

1storage, and delivery have a great role

2to mitigate the risk of microbial cross-

3contamination.[3,4] Among the other

4nanoparticles, engineered metal oxide

5nanoparticles are increasingly finding

6novel applications as antimicrobial agents

7over a wide range of microorganisms.[5,6]

8The most reactive rare earth oxide, CeO2

9is a well-known semiconductor that has

10been highly regarded as a potential antimi-

11crobial agent for applications in emerging

12technologies for environmental-related

13applications.[7–9] Cerium in CeO2 has an

14inherent property to undergo reversible

15conversion between the 3þ and 4þ oxida-

16tion states. This unique redox property of

17CeO2 to regeneratively switch between

18Ce3þ and Ce4þ produces highly reactive

19oxygen species (ROS) which affects cellular

20function and further leads to pathogenicity

21that damages cell membranes, proteins,

22and DNA.[10–12] Moreover, CeO2 has

23relatively no toxicity toward mammalian

24cells, thus making it safe to use.[13]

25Among the versatile modifications,

26metal ion doping of cerium oxide has been considered an

27effective approach to modifying its physical and chemical

28properties.[14] Especially, doping with copper is unique due to

29the synergistic effect that Cuþ/Cu2þ has on Ce3þ/Ce4þ to result

30in higher interfacial redox activity with the production of oxygen
31vacancies.[15,16]

32The nanoparticles can be synthesized using various methods,

33such as physical, chemical, and biological methods. However,
34nanoparticles obtained via physical and chemical methods are
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5 Herein, phytosynthesized copper doped cerium oxide nanoparticles (NPs) are

6 synthesized and their application potential in antibacterial activity is investigated.

7 The compensative effect of Cu2þ occupying Ce4þ/Ce3þ site and redox conversion

8 of Ce4þ to Ce3þ are found to facilitate the antibacterial activity of the doped NPs.

9 The preliminary characterizations are done using X-ray diffraction, Fourier

10 transform infrared spectroscopy, Raman spectroscopy, and energy-dispersive

11 analysis of X-ray spectroscopy. The particle size distribution curves from field-

12 emission scanning data give the mean particle sizes to be �20.4, 19.9, and

13 18.8 nm, respectively, for pure, lightly doped, and heavily doped NPs. The

14 transmission electron microscopy manifests tetra- and hexa-shaped particles,

15 indicating the presence of Ce2O3/Ce1�xCuxO2 along with ceria in pure and lightly

16 doped and an additional presence of CuO in the heavily doped. The X-ray

17 photoelectron spectra of Ce 3d deconvolute to 10 peaks corresponding to Ce3þ

18 and Ce4þ yielding Ce3þ/Ce4þ % ratio<1 and Cu 2p and O 1s spectra are fitted to

19 assess variation in Cu% and oxygen vacancies with doping. The Cu-doped CeO2

20 samples show a commendable improvement over pure ceria, in the antibacterial

21 activity against pathogenic bacteria Escherichia coli, Staphylococcus aureus, and

22 Bacillus cereus.
23
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ABSTRACT

The effect of precursor ratio and sulfur-source to substrate distance on the

growth of vertically aligned nanostructured (vertical) MoS2 thin films by single-

step chemical vapor deposition technique is reported here. The growth

parameters such as temperature, Mo:S ratio, growth time, and sulfur-source to

substrate distance were varied systematically to obtain vertical MoS2 thin films.

The density of vertical flakes was maximum at an optimumMo:S ratio of 1:6 and

sulfur-source to substrate distance of 4 cm. The formation of layered MoS2 thin

films with densely packed vertical flakes of MoS2 nanostructures was further

confirmed by Raman, PL, XRD, XPS, and TEM measurements. HER studies

revealed an enhancement in electrocatalytic activity for the vertical MoS2 thin

films compared with horizontally aligned nanostructured (horizontal) MoS2 thin

films, making the former a potential candidate for HER catalyst.

1 Introduction

2D Transition Metal dichalcogenides (TMDCs) have

high prospects in the development of energy storage,

optical and electrochemical devices [1–6]. MoS2 is a

layered 2D TMDCs with a strong in plane covalent

bond, whereas the interlayer interaction is with weak

van der Waals (vdW) force [7]. A single layer of MoS2
nanoparticle usually has two types of surface sites,

viz; the terrace, and the edge sites. Terrace sites act as

terminating surfaces with minimum roughness and

dangling bonds, hence suitable for electronic device

applications [8, 9]. Edge sites have increased chemical
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Abstract: The existence of organizations without human resource is, undoubtedly, next to impossible. The very character and 

integrity of organizations, its drive towards achieving its goals in an efficient and effective manner as well as its continued 

existence, depends entirely on the people that encompass it. Retaining talented human resource is the key to continued and 

sustainable development. This clearly points out the importance of commitment from the part of the employees as well as the 

employer. The concept of Perceived Organizational Support (POS), thus, plays a very vital role. According to social exchange 

theory, “the exchange relationship between two parties often goes beyond pure economic exchange and entails social exchange”. 

Likewise, Eisenberger et.al. (2001) argues that, “employer and employee exchange not only impersonal resources such as 

money, services, and information, but also socio - emotional resources like approval, respect, and support”. The theory of POS 

refers to ‘employees’ perceptions about the degree to which the organization cares about their well-being and values their 

contribution, to describe the social exchange relationship between the organization and its employees’ (Eisenberger et.al., 1986). 

The advocates of organizational support theory states that POS leads to the creation of positive impact on the attitudes and 

behaviors of the employees primarily because it creates a sense of obligation within the individuals to repay the organization 

(Eisenberger et al., 1986 and 1990). This feeling of obligation is the cornerstone of sustainable growth and development. 

Organizational commitment (OC) is said to be the psychological attachment of an employee to the organization. It decides 

whether an employee will remain with the organization or not. According to Brewer (1996), “organizational commitment is the 

loyalty and intention to stay with the organization, besides personal interest towards the employment”. Mowday (1998) has 

acknowledged OC as an element which decided the attachment of an employee towards the organization. Banking sector offer 

good social status. But, work pressure is huge on banking professionals as business volume increases and with the increase in 

cadre. POS is considered to reduce the amount of stress experienced by the employees and will help decrease the number of 

unfavorable outcomes arising out of it. This study, thus, helps to understand the relationship between POS and OC among the 

managerial staff in the private banks in Cochin. Questionnaire was used to collect data. The questionnaire to measure POS was 

developed by Eisenberger et al. (1986) and the questionnaire to measure OC was developed by Meyer and Allen (1990). The 

sample size was calculated at a confidence level of 99% and a confidence interval of 10 from the population of 8000 (according 

to All Kerala Bank Employees Federation) and was found to be 163. However, response was collected from 200 samples using 

simple random sampling.  

Keywords: Perceives organizational support, Organizational commitment, Banking sector, Organizational support theory, Social 

exchange relationship 

 

I. INTRODUCTION 

People are the vital elements of any organization. Both employer and employees have to work together for any organization to be 

successful. They are involved in an exchange relationship involving not just impersonal resources such as money, services, and 

information, but also socio-emotional resources such as approval, respect, and support (Eisenberger et al., 2001). This concept of 

social exchange relationship, leads to a healthier association between the employer and the employees. The support offered by the 

organization to the employees is an important factor that determines the level of commitment of the employees towards the 

organization, which in turn determines the success and sustainability of the organization.  
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സം ഹം:
േപാർ ഗലിെന്റ രാ ീയാധികാരെത്ത പിൻപറ്റിെക്കാണ്ട് മിഷണറി 

മാർ േകരളത്തിൽ നടത്തിയ മതേകാളനീകരണെത്ത ഉദയംേപരൂർ സൂ 
നഹേദാസിെന്റ കാേനാനകെള മുൻനിർത്തി വിശകലനം െച കയാണ്

ബന്ധത്തിൽ. കാേനാനകളിെല കർതൃത്വവിവക്ഷകളുെട രാ ീയം തി 
രിച്ചറിയു . േകരളൈ വ സമൂഹെത്ത േകാളനിവൽക്കരി ന്നതിന്
അവലംബമാ ന്ന വ്യത്യ സമീപനങ്ങൾ െവളിെപ്പടു ന്നേതാെടാ 
പ്പം പാശ്ചാത്യയുക്തി നുസൃതമായി പരുവെപ്പടാൻ നിർബന്ധിതരായി 
ത്തീരുന്ന േകാളനിജനതയുെട െചറു നി മങ്ങെളയും അപ ഥി  

.താേക്കാൽവാ കൾ:
സാം ാരികാധീശത്വം, െകാേളാണിയലിസം, കർതൃത്വനിർമ്മിതി
പാശ്ചാത്യേലാകം, പൗര ്യനാടുകെളയും അറിവുകെളയും സം ാര 

െത്തയും എങ്ങെന േനാക്കിക്ക എന്ന് െസയ്ദ്, കൾച്ചർ ആൻഡ് ഇംപീ രിയലിസം, ഓറിയൻറലിസം എന്നീ കൃതികളിൽ വിശകലനം െച ണ്ട്.
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