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Highlights
e A novel MEMS based Si bulk micromachining process has been
developed to fabricate P(VDEF-TrFE) micro-cantilevers and beams
successfully for the first time.
e Design and simulation of micro-cantilevers and beams were carried out

using Comsol Multiphysics.
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HIGHLIGHTS GRAPHICAL ABSTRACT

e Pore size tuning of Nafion mem-
branes is achieved by irradiation
with UV rays.

e Optimum dose of UV rays on
Nafion results in enhancement of
proton conductivity.

» Microelectromechanical systems
technology is used to define flow
channels in silicon.

« UV exposed Nafion is tested in
passive direct methanol fuel cells
as a platform.

« Durability test of direct methanol
fuel cells with UV exposed Nafion
is carried out.

ARTICLE INFO ABSTRACT

Article history: The influence of optimal ultraviolet irradiation of Nafion membranes in enhancing proton
Received 29 April 2019 conductivity and performance of passive micro-direct methanol fye| cells with silicon
Received in revised form micro-flow channels is investigated for the first time. Initially, Nafion membinis ‘iire
23 June 2019 irradiated with different doses of ultraviolet radiation ranging within 0—40q ] eon® el
Accepted 10 July 2019 their water uptake, swelling-ratios, porosity, and proton condy Ctivities are m, a.n
Available online 5 August 2019 standard procedure. Results show that there is an enhancem easured using

ent in proton conductivity
his enhancement is due to
maximum pore-size which

with an optimal dose of 198 m] cm ? ultraviolet radiation, T
optimum photo-crosslinking of ~SO3H species resulting in
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HIGHLIGHTS GRAPHICAL ABSTRACT

» Hydrophobic PEM is achieved by .
P(VDF-TrFE) lamination of Nafion. T ] 1'!

¢ The lamination results in reduc- T3 =
tion of water uptake and methanol 'ilﬂ by il !'{
permeability of PEM.

« Self-sulfonation of P(VDF-TTFE) is
achieved during lamination on

y.

Nafion confirmed by FTIR. ¥ =
« Proton conductivity is introduced =

in the lamination due to self-

sulfonation.
« Significant enhancement in power

density of passive p-DMFCs with

laminated PEMs.
ARTICLE INFO ABSTRACT
Article history: Among the various advances that have taken place in fue] cells, efforts
Received 24 July 2019 methanol crossover and thereby increase fuel cell performance are i'm to reduce the
Received in revised form by which crossover can be reduced is through introduction i LdIPOJ'tam: One method
9 September 2019 membrane which reduces the entry of methang] into the i, ydrophobic surface on
Accepted 24 September 2019 coating of po!y(vhylideneﬂuoride-triﬁuuroemylene) oy rane. ng_e we show that
Available online xxx crossover due to the introduction of hydrOPhobicjty . on results in reduction in

N the surface of the composite
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ARTICLE INFO ABSTRACT

Keywords: We report synthesis of Copper Zinc Tin Sulfide (CZTS) thin films using sequential evaporation technique. The as-
3[::\5:; (CZTS) deposited films were subjected to various sulfurization temperatures ranging from 520 "Cto 640 “C. This paper
Su"“:m“rbcr layer presents a detailed analysis of temperature dependent phase and defect formation in Cu-rich off-stoichiometric
S i ;:olnvull:lcs CZTS thin films. CZTS thin films moved from F-type to C-type with decreasing Cu/Zn disorder and defect
Of:aolchlcimeny concentration with Increasing sulfurization temperature. The resulting films showed less off-stoichiometry in
Secondary phases contrast to initial cholce of intended off-stoichiometry exhibiting the structural flexibility within the composi-

tional limits. Despite being off-stolchiometric, all the samples exhibited the tetragonal CZTS phase with preferred
orlentations. Raman analysis showed the disappearance and reappearance of secondary phases with increasing
sulfurization temperature. EDS analysis suggested that compasition of the films moved towards better stoi-
chiometry till 580 ‘C before deteriorating again. Composition and lattice parameter values suggested Cu-rich off-
stolchiometric nature of sulfurized CZTS thin films. AFM study showed dependence of roughness with sulfur-
jzation temperature. Band gap was obtained in the range of 1.28 eV to 1.48 eV from UV-Vis spectroscopy
measurement. PL analysis revealed the asymmetric shape and blue shift of the peaks. Band-to-tail recombination

becomes pronounced with increase in sulfurization temperature. XPS analysis showed elements are in expected
oxldation states.

1. Introduction substitution is necessary in the photovoltaic technologies where CZTS/

Se emerges as an answer, providing cost-effective thin film absorber
The advancements in second generation photovoltaic materials such material (Giraldo ot al., 2019). The estimation of theoretical efficiency

! as Cadmium Telluride (CdTe) and Copper Indium Gallium Selenide of CZTS/Se system is around —33% with respect to Shockley-Queisser
(CIGS) have captured a notable portion in the photovoliaic (PV) market limit. CZTS and CZTSSe have reached an efficiency of 11% and 12.6%
due to low cost and low material consumption further complimenting respectively, the highest lab module power conversion efficiency re-

their power conversion efficiencies. From the view of techno economic  ported so far. In order to make it marketable, these materials should
concern, the idea of replacing toxic and scarce elements has led to the cross the mark of 15% conversion efficiency at least providing a suffi-
discovery of earth abundant, low-cost chalcogenide kesterite materials cient room to improve the efficiency (Abcrmann, 2013; Delbas, 2012).
commonly known as Copper Zine Tin Sulphide/Selenide (CZTS/Se).
Serious scarcity of raw materials essential for the CdTe and CIGS
technologies pose a challenge to meet the terawatt (TW)-scale future
energy demand. Recently, the European Commission listed indium,
gallium and tellurium as Critical Raw Materials (CRM). This would
further increase the cost of the raw materials required for CdTe and
CIGS technologies. Hence, an alternative partial or total CRM free

Significant research is currently going on in understanding the
complexity, structural and compositional stability on the off-stoichio-
metric kesterites. The off-stoichiometric kesterites have been categor-
ized based on their Cu and Zn composition (Table 1), Researchers fol-
lowed both theoretical and experimental approach in understanding the
implications of these off-stoichiometries on the device performa.gnce
The strong correlation was experimentally found between composltiol;
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Design and Fabrication of Ammonia Gas Sensor Using

Electrospinning Method for Industrial and Medical Applications
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Abstract

Ammonia (NH3) is 2 very injurious gss, the part of nitrogen along witn the
mixture of other

gases is present in our cay today lives. Tnerefore. detection of greatly
sensitive ammonia sensors plays an

imporzant role for envirenmenta! protection and 2lso in human Neaitn and
care. 50 in order 1o sense fow

concentrations of ammania (<=30ppm) making use of conventional means
2t room temperature is raquired.

Tin monoxide (Sn0) is a member of metal monoxide, this has paid much
anention to its 0w Cost,

environmenta! friendly and higher stabiiity. When mad comparison witn

other non-oxide ammonia
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Role of UV irradiation of Nafion membra

nes on ionic groups responsible for
proton conduction and mechanic

al strength: A FTIR spectroscopic analysis
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ARTICLE INFO ABSTRACT

Keywords:

FTIR analysis

Sulfonic acid groups
Hydronium ion groups
Optimal UV dosage
polytetrafluoroethylene (PTEE)

This work presents an evidence of why proton conductivity of Nafion increases with increase in UV-radiation
dosage and drops beyond ultraviolet radiation dosage of 198 mJ cm ™2 FTIR spectroscopic analysis is used to
analyse the shifting of the pealks of groups responsible for proton conduction (i.e. sulfonic acid (-SO4H) and
hydronium (11,0") jons) of Nafion irradiated by various dosages of UV-radiation. The analysis showed that
crosslinking of -SO,11 increases up-to UV-radiation dosage of 198 mJ cm ™, Beyond this optimum UV-radiation
dosage the chain-scission of these groups takes place, On the other hand, UV-radiation has significant de-
wradation effect on Hy0™, FTIR spectra of 140 show that even with slightest dosage of UV-radiation, chain-
seission takes place. Further, the effect of UV-radiation of Nafion on the groups responsible for providing me-
chanical strength, ie. -CFy is also analysed using FTIR spectroscopy. The analysis showed that the intensity of
transmission spectrum of -CFy increases up-to UV-radiation dosage of 198 mJ em~? and drops beyond this
dosage indicating that there is a possibility of enhancing the mechanical stability up to this dosage. These
analysis show that optimum dose of UV-radiation is an effective ool for enhancing the proton-hopping me-
chanism and thereby, proton conductivity, and also the mechanical stability of Nafion.

1. Introduction which is hydrophilic and can conduct protons while blocking the

electrons [9,10]. This sulfonic acid group, in other words, has affinity to
protons and thus aids the movement of protons through it while the
electrons are blocked [9,10]. Apart from the sulfonic acid group, the
walter content in the membrane also impacts the movement of protons
[10]. Further, these ionic groups have affinity to water resulting in the

Nafion membranes are resins of perfluorinated sulfonic acid devel-
oped by the E. I. DuPont Company. They find their uses in many areas
like energy conversion devices which include redox flow batteries,
electrolytes in devices for detection of humidity in a corrosive en-

vironment [1], gas separation [2] etc. In addition to these, Nafion finds
its applications in proton exchange membrane fuel cells (PEMFCs) [3].
PEMFC is an electrochemical device that uses hydrogen-rich fuels (such
as methanol, hydrogen etc.) together with oxygen to generate elec-
tricity and heat [4,5]. Nafion membrane has attracted attention because
of its widespread usage in PEMFCs. Several studies on ts microstructure
and properties have been conducted using numerous approaches over
the last few years [6). Nafion membrane is a type of cation exchange
membrane which contains groups with negative charge, like -5057,
bonded with the backbone of membrane and thereby, allows the catlons
10 pass but block anions (7). Nafion membrane has a backbone which Is
hydrophobic and contains polytetrafluoroethylene (PTFE) f.e. -CFy-
that provides mechanical strength and heat resistance to Nafion [8].
This hydrophobic chain terminates with sulfonic acid group (-50,H)

* Corresponding author.
E-mail address: arjunsr92@gmail.com (A.S. Rao).
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Available online 17 July 2020
2352-4928/ © 2020 Elsevier Ltd, All rights reserved.

absorption of water by polymer leading to the hydration of polymer. It
is also known that optimal hydration of membrane is required for
conduction of protons along with its mechanical stability and durability
[11].

Proton conduction is important in PEMs and is typically the first
feature considered when assessing membranes for possible use in
PEMFCs. The molecular level protonic transport in hydrated polymer
matrices is usually defined on the basis of one of the two major me-
chanisms: “proton hopping " or “Grotthus mechanism” and "vehicular
mechanism” (similar to diffusion) in which water molecule is used as a
vehicle [12-14], Proton hopping mechanism takes place in Nafion
where proton hops from one hydrolysed site (-SO3H groups) to ancther
site through the membrane, As per tri-phase tubular model, Nafion

1 1 d
consists of an outer flexible polymer backbone, a hydrophilic layer i.e.

i v




6

Materials Today: Procoedings s« (X% oo

Contents lists available at ScienceDirect

Materials Today: Proceedings

ELSEVIER

fournal homepage: www,elsevier.com/locate/matpr

Methar?.ol crossover reduction and power enhancement of methanol fuel
cells with polyvinyl alcohol coated Nafion membranes

Arjun Sunil Rao**, K.R. Rashmi ", D.V. Manjunatha®, A. Jayarama", V. Veena Devi Shastrimath ,
Richard Pinto*

* Department of Electronics and Communication Engmeering. Alva’s Institute of Engineering and Technology, Moodbidn, Karataka (Affitiated to Visvesvaraya

Iﬁhnolog!ml University, Belagavi), India

h Department of Physics, Alva’s Institute of Engineering and Technology, Moodbidri, Karnataka (Affiliated to Visvesvaraya Technological University, Belogavi), India
Department of Electronics and Communication Engineering. NMAM Iustitute of Technology, Nitte, Karkala Taluk, Kamataka (Affiliated to Visvesvaraya Technological

University. Belagavi), India

ARTICLE INFO ABSTRACT

Article history

Recewved 5 January 2020

Received in revised form 3 February 2020
Accepted 6 February 2020

Available online xxxx

This paper presents the effect of polyvinyl alcohol (PVA) coated Nafion membranes on their water uptake,
swelling and proton conductivity for various PVA coating thicknesses. These studies show that the opti-
mum coating thickness of PVA on Nafion is 2 um. Methanol permeation studies show that 2 um thick PVA
coating forms a barrier for methanol and significantly reduces methanol permeation through the mem-
branes. Further, passive methanol fuel cells are tested with 2 um thick PVA coat on Nafion as proton
exchange membranes and their polarization plots show a significant enhancement in power as compared
to the methanol fuel cells with pristine Nafion due to reduction in methanol crossover.

@© 2020 Elsevier Ltd, All rights reserved.

Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Laser Deposition: Nanostructures, Hetero-structures and 2D layers.

Keywords:

Polyvinyl alcohol

Passive methanol fuel cells
Nafion membrane
Methanol permeability
Proton conductivity

Nafion has excellent mechanical strength in addition to excellent
stability. They have backbone of hydrophobic fluorocarbon chains
along with hydrophilic sulfonic acid groups [9]. These hydrophilic
groups contribute to proton conductivity. The conductivity of the
protons will be small with low water content and the membranes
with hydrophilic groups having higher water content will have

1. Introduction

Methanol fuel cells (MFCs) have received attention over the last
decade because of their high efficiency and high power density
generation capacity | 1-3). MFCs have provision for miniaturiza-
tion/scaling laws [4], and MFC is therefore, an evolving technology

|5.6]. They consume methanol as fuel together with oxygen to gen-
erate electrical power and hence, they are considered as electro-
chemical devices. MFCs are fuel cells that use Nafion proton
exchange membrane (PEM). Pt-Ru nanoparticles aid the splitting
of methanol at anode into carbon-di-oxide, electrons and protons
|7]. The electrons travel through the outer electrical circuit while
the protons diffuse through the PEM to the cathode and generate
electrical power. At the cathode, e, H” and O; combine to generate
water with Pt acting as nano-catalyst |8/,

The most important membrane presently used in FCs as PEMs
are perfluorosulfonic acid (PFSA) membranes (such as Nafion);

* Corresponding author.
E-mail address: a1juna92egnad com (AS. Rao)
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layers.

higher pl_'oton conductivity (10,117, On the other hand, the mem-
brane will be mechanically compromised by excess hydrophilic
groups [ 12|, Hence, an optimal density of hydrophilic groups
should be present in the PEM along with their optimum crosslink-
ing density [13]. When the PEM absorbs water, hydrophilic
domains swell facilitating the protons to conduct. There has bee
extensive study on how water sorption affects proton conductivi v
of naﬁm? 14 ~231. Hence, by studying the hydration of PEM, pr: t“y
conductivity is evaluated followed by the power density c:;rpMOan
Water soluble polymers (WSPs), like Poly (styrene sulfonic aci )
(h;;(();l::lé 54:5),t |'?|y (vinylpyrrolidone) (PNvp) poly (EthyTelli: Eglfc;r}.
Col =G ), poly (2-acrylamido-2-1-pr. sulfoni : .
polyvmyl alcohol (PVA), egc, ha]vé)'&I::;‘yfbgl;l;(::‘l:eaud)(PAMPS),
interesting to both academia and indust iti pr(_)gresswely
them in soft material applications |- .ry wen Dossible to use
[24-27]. WSPs that are hydro-
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This paper presents the effect of polyvinyl alcohol (PVA) coated Nafion membranes on their water uptake,
swelling and proton conductivity for various PVA coating thicknesses. These studies show that the opti-
mum coating thickness of PVA on Nafion is 2 um. Methanol permeation studies show that 2 pm thick PVA
coating forms a barrier for methanol and significantly reduces methanol permeation through the mem-
branes. Further, passive methanol fuel cells arc tested with 2 um thick PVA coat on Nafion as proton
exchange membranes and their polarization plots show a significant enhancement in power as compared
to the methanol fuel cells with pristine Nafion due ta reduction in methanol crossover.

© 2020 Elsevier Ltd. All rights reserved.
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1. Introduction Nafion has excellent mechanical strength in addition to excellent

stability. They have backbone of hydrophobic fluorocarbon chains
along with hydrophilic sulfonic acid groups [9]. These hydrophilic
groups contribute to proton conductivity. The conductivity of the
protons will be small with low water content and the membranes
with hydrophilic groups having higher water content will have
higher proton conductivity | 10.11]. On the other hand, the mem-
brane will be mechanically compromised by excess hydrophilic
groups | 12]. Hence, an optimal density of hydrophilic groups
should be present in the PEM along with their optimum crosslink-
ing density |13]. When the PEM absorbs water, hydrophilic
domains swell facilitating the protons to conduct. There has been

Methanol fuel cells (MFCs) have received attention over the last
decade because of their high efficiency and high power density
generation capacty [1-3]. MFCs have provision for miniaturiza-
tion/scaling laws [4], and MEC is therefore, an evolving technology
[5.6]. They consume methanol as fuel together with oxygen o gen-
erate electrical power and hence, they are considered as electro-
chemical devices. MFCs are fuel cells that use Nafion proton
exchange membrane (PEM). Pt-Ru nanoparticles aid the splitting
of methanol at anode into carbon-di-oxide, electrons and protons
|7]. The electrons travel through the outer electrical circuit while

the protons diffuse through the PEM to the cathode and generate
electrical power. At the cathode, e, H™ and O; combine to generate
water with Pt acting as nano-catalyst [5].

The most important membrane presently used in FCs as EEMs
are perfluorosulfonic acid (PFSA) membranes (such as Nafion);

* Corresponding author.
E-mail address: arjuinsr a@ginail.com (AS. Rao).

hetps:/doi.org/10.1016]) matpr 2020.02.093
2214-7853/© 2020 Elsevier Ltd. All rights reserved.

extensive study on how water sorption affects proton conductivity
of nafion | 14-273]. Hence, by studying the hydration of PEM, proton
conductivity 1s evaluated followed by the power density of MFCs.
Water soluble polymers (WSPs), like Poly (styrene sulfonic acid)
chitosan (CS), Poly (vinylpyrrolidone) (PNVP), poly (ethylene gly:
col) (EEG). poly (2-acrylamido-2-1-propanesulfonic acid) (PAMPS)
imlyvmyl alcohol (PVA), etc, have lately become progressively.
|ntere§ting _w both academia and industry, as it is possible to use
them in solt material applications [24-27). WSPs that are hydro-
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Abstract— Security is one of the important systems in the various fields
which are specially used for home security purpose. Applications such
as detecting unauthorized entry into home, hotels, industries, labs
which created need for cost effective home security system. This system
consists of 89852 microcontroller board, IR sensor module, Wireless
camera to capture the image of a person, Vibration sensor if someone
tries to break the door or glass of the home, Micro switch, ASK
transmitter and receiver, Proximity sensor which is used to sense the
unauthorised entry, LCD to display the resulting status and GSM
module for the communication such sending message and missed call
to the user and nearby police stations in any emergency.
Keywords— Microcontroller, Sensor, Wireless Camera, LCD, GSM.
I. INTRODUCTION
Y ecurity may be a big challenge everywhere because theft is
D increasing day by day due to the unsafe and insecure security
system in homes, commercial complexes and industries.
Several conventional technologies are available to stay home
properties safe from intruders, but commonest smart home security
systems  work  on  wireless  Global  System for Mobile
communication (GSM). By this our security system provides good
amount of security for the users. This technique is often casily
operated and installed anywhere. The user is notified by Short
Messaging System (SMS) or an easy text message, if any threat or
problem detected by the safety system. There's a connection
between microcontroller and GSM modem for sending the message
to the owner.

The aim of the project is to switch an existing safety and security
model for the house security system. This project designs an
embedded system. For remote monitoring for the domestic
environment nowadays home monitoring is important for safety and
security purpose, which help us to understand the status of the home
in our absence. The parameters inside the home will detect the
unauthorized entry and illegal activities using respective sensors.

2 unauthorised entry and therefore the detected data are
transferred to the ASK receiver with the assistance of ASK
transformer with the assistance of microcontroller and GSM modem
which is installed within the security system. The advantage of this
automated security system is that it offers faster reaction time and
accurate detection during the emergency by a SMS to the nearest
police headquarters and therefore the home owner.

II. BLOCK DIAGRAM

| Promsey Semses »
|
Encoder
Asd
1 A .
[ Ly b —_— ASK
— Tramasiey —

S
Fig |: Block diagram of secunity system inside the home

An antitheft sensor controlled home security system
consists of multiple sensors, encoder and ASK Tx in figl. The IR
based Proximity sensor is employed to sense unauthorized entry. A
proximity sensor detects the presence of objects that are nearly
placed with none point of contact. Since there’s no contact between

the sensors and therefore the sensed object and lack of mechanical
parts, these sensors have long functional life and high reliability.
Vibration sensor is employed to detect if a person tries to interrupt
the door or window, and therefore the output of vibration circuit is
fed to the encoder to the input and to the ASK Tx to transmit the
signal. If anyone within the range in critical position one can simply
press the micro switch in order that the encoder will get the signal.
Encoder converts the parallel data into serial data and fed to the
ASK Tx for serial transmission. ASK Tx transmits the bits in serial
mode with a carrier frequency of 433MHz.

AL R | o
]

|
Y
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"

Fig 2 Block diagram of security system outside the home

ASK Rx receives the digital data transmitted from the ASK Tx and
is fed to decoder. The decoder converts the serial data into parallel
data and fed to the microcontroller. The 89532 microcontroller is
that the heart of the project, it controls the working consistent with
the program meaning microcontroller sends appropriate
pulse/signals to display unit to display the parameter problems and
send the message to the GSM modem. With the assistance of GSM
modem the SMS is transmitted for sending message, a GSM
modem named SIMCOM 300 with RS232, power supply. The
interface between GSM modem and microcontroller also can be
done through with the assistance of wires,

HI. LITERATURE SURVEY

A literature survey or a literature review in a project report is that
section which shows the various analyses and research made in the
field of interest, and it is the most important part of the report as it
gives a direction in the area of the research.

Javare et al [1] have proposed door lock system using Bluetooth
technology to improve security in home automation.in this
Bluetooth is used to establish the connection between user and pc so
as to access the door. Sensor like motion sensor and vibration
sensor are used to detect the woman. The system is also facilitated
with features like SMS, Email, Anti-burglar that provide easy way
for the owner to get the notified when user appears at the door as
well as when user try to access the door without permission. Owner
can also chepk the log details by interacting with the PC -Admin-
The camera is connected to micro-cantrolle; which is used to take
snaps of the users at the door and a wireless camera and monitoring
control system which consist of many different activitics like

detecting user, verification, notifi jon according

cation, perform actio?
to request, also further notifies the owner ;P;out thys garont SGHUS o

reduce.
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Abstraet:

In this research work, we have synthesised ZnOg@Au P hS nanorods (NRN) with difterent
shell thickness by a tacile chemical method: Onintraduction of A nanoparticles (NPy) and
PbS shells. the defect emission of Zn0 NRx quench and the charge NOPATALTION. PIOCONN
enriches. Under simulated solar Tight wradiance the photoconductivity andd charge transder
efficiency also escalate with Au NPxand by shell along with enhancing photocatalytie
degradation of organic contaminan Phe excitation wavelength dependent catalytic activity
confirmed the significant enrichment photocatalytic achivity owing (o the synergistic
influence of Au NI's and PhS coating on /n0) NRx The eftect of agueous solution pH and
PLS shell thickness on photocatalytie reduction ol Cro (VD hax been also explored, The
possible charge transter mechanism during the photocatalytic activity o ZnO@Au@PbS
NRs is also proposed and analysed. The catalytic activity, stability and recyelability results
revealed that ZnO@Au@PLS NRs are highly favourable and renxable for the environmental

remedies.
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TiO;@Au@CoMn,0; core-shell nanorods for photo-electrochemical and photocatalytic
activity for decomposition of toxic organic compounds and photo reduction of Cr* ion
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Abstract:

TiO,@Au@CoMn;0y4 core-shell nanorods (NRs) were prepared using a novel and facile
hydrothermal process. The UV-Visible absorption and emission spectra, Transmission electron
microscopy (TEM) image, X-ray photoelectron spectroscopy (XPS) spectra and X-ray powder
diffraction (XRD) pattern confirmed the formation of core-shell nanocomposite. The
TiO,@Au@CoMn,04 core-shell nanocomposites show superior photocatalytic degradation
efficiency for degradation of toxic organic dyes such as rhodamine b, methylene blue and
methylene orange. Taping experiments, using scavengers, were studied to explore the role of
charge carriers and radicals in the photocatalytic degradation process. The catalytic activity of
TiOg@Au@CoMngO4 core—shell nanocomposite was further reconnoitred and compared for the
photocatalytic reduction of Cr® ion. The superiority in the photocatalytic activity of
TiO,@Au@CoMn,04 core—shell nanocomposite is attributed to efficient harvesting of solar
light, charge carrier separation at the interface and SPR generated hot electrons from Au
nanoparticle. The photo—electrochemical photocurrent generated under illumination by solar
light established effective charge carrier generation and separation. The TiO;@Au@CoMn,04
core-shell NRs thin film shows about 17.5 times higher photocurrent generation than the TiO,
NRs.
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