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1. Inteoduction

The generation of electical encrgy is & fondamental and exer-
seowing requirement that underpins nearly xery aspect of modern
life. In the curent contex,effcient nergy sorage devices are crucial
alongsid energy souces. For nstance, the transion o clectric vehicles:
in the wansportation industry necesiates efficent encegy stoage sy
1ems t enable longer drving range and shortr charging times. Tnthe
questfor sustainableenergy sorage, supercapaciors have emerged s
revalutionay technclogy it the potendial o rshape the energy
Storage landscape ofeing fimiable advantages such as high pover
density, rapid charge/dschargerte, relibiliy and long cyce e [ 1],
“These remarkable capablies hav ignited nterest acros varios i
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component n achieving  cleaner, more effcient, and sustalnble fuure
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fbricate the supercapacitrs are environmentaly fendly, bioogical
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achieing sustainable development, minimiziag envronmental impact,
and tansiconing twards 2 more cieular cconomy.
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il fo th fbriction of supercapacior is an exciing and promising
path in energy storage resarch [5]. Wih bialoleal systems, 1.
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environmentally ficndly, andsustainable mateials for supe.
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"mateias heough crude processs ik hydrothermal carbonzation or
pyrolysis s one well known example [7]. These carbon materals can
exhibit high surface res, excellent conduccivity, and talred porosy,
"making them el suited fo lestrode materils in supercapaciors (7.
Meanwhile, among the carbon-based famil, a carbon quantum dos
(CQDS) have been ttacting inressing siention due o thelr unique
iosynersic properes such 85 biocompatbily, aqueous. and
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1. Introduction

The chemiresisive gas sensors based on the metal oxides are vry
atrcive devices  deec e gases. Thetransiton metl axldes such
255003, 10, WO and 200 are usful o the detecion of ases et
thels léctricl, chemcal,physicl propertis 141 Out ofthse mecsl
oxides, 220 i ne f th promising materals whichcan be usod o he
etectlon of the toxicats owing tlts extrardinary properiessuch as
wideband gap encrgy (~Ey 3.3 eV, High exciton bnding cergy (60
mev, bigh mobily of conduction electrons (200 crivs ) and high
hargecares eansprt with low cust, and sy avalable i the nature
551 I addiion, the ierarehcal morphologesof 0 such s nano-
ruds, anoflomer, anopartces,nanosphere, nanoelipsoids, . wilbe
Igl for sensor applicaton 712 Howener, the sendiity and
slectiviyof he 700 sesorae e that warrants h sarchof o
ol matelalsor doping of eisting material. Therefore, resarchers
are working forstetegesIncrens o he sensiiiy of toxe s ot low
peraing temperatres based o eterojuncion o doping of diferet
mateial.

From the ltrstue, it is sken that the improvement n the gas
sensiiy oftarge g was enbanced by doping 200 151 Here, we

e i, 95, P,

Have seeced the A clements 25 dopant because s ncpatedthat
AT doping ncreses the conductvy of the Al doped 240 (AZ0)
sampls, due o he replacement of 2o ons by AL and thereby
Increao the gas sentliyof thearge ases 11 Unl v,  lchora
of AZ0 nanastauctures were prepared by different techaes suh 4
Sl gel (15, spi coatng 16, ydrothermal method 17, succsive
fonic lyer adsorpion and reation (SILAR) (15, spray pyrolyss tech-
nlque (SPT) (151 reflux method 120, chemicl bath depation (CBD)
121, et. Among thse ochniques, he reflu technique s g0od ad-
vantages ke simple, relaively low cost, syt handle nd scalvg Up
e deposton, and 50 on. By sing tis method, we have successflly
preparcd the AZ0 sumples for the detection of KOy gasat a relatiely.
low operting temperate.

T recent years, various gas sensors have ben developed (o the
detcton of toie ases Including Nit, O3, 505, Hs, et based on
Semiconducting metal axdes. Out of these tolc gase, the NOs g3 Is
very dangerous and hamiul which I produced in automaton teass
portaton, and Indusrialzadon. 1 is dangerous o human heath and
causs sever respietory diseass, ungfunctlon,and causeseven deaty
s 22 21] Therelor, I § bnportat 0 dtet the concentaton of
hase o gase n the masphore and alke salry precaions.
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Semiconducing metal ovides are promising candidate in gas sensor technoiogy. enchantng the
scientfc community wih thei remarkae 3bilty 1o detect various gases at moderate operaing
femperatues. It  wall-(ow fact tha the gas response of metal oice and doped metl oxde-based
Sensors primarsy depends on the sSpect 130 of the marghology and the rumber of Gefecs found in
them. Hence, the purpese ofthe present investigation i o enhance he gasresponse of the zinc cxde
1260 ranorod arays by doping the ndium ln] with various concentatons i the 2 ovide matrix The
doping concentation of I vared from 110 3 uelume percentages by using the reflx method. The
Physico-chemical properties of the ndum doped 2in oude (20) sampls were nvesigated by Yoray
difracton. fiela emission scanning election microscopy, photolUINEsCence SpECtCAcoRy, X-ray
Photociction spectrscapy, etc. The 70 sampies revel 3 wirtze hexagona crsial srcture. The
FESEM mage shows 3 nanorod-like morphology wih an average dameter of 100 am and an sverage
length of 2 um. The oughness of the 20 samples was studed by using atomic force microscopy. The
Photoluminascence study reveded that the defect sies can be increased by aleing the ntersutal
properes or by extemal addthes. Heren e fepot on th formatin o sigatures emanatin from defect
Stes. The 120 samples snow th enhanced gas snsing response towsrds NO: ga at 175 C cpersting
femperae 35 compared wih undoped 20 Ao, th lowest etecton i for NO gas was found 1o be
5 opm a opimized temperature, wich i the ighes: detection it 3 low operatg temperture for 20
Campi. Notaly, th doging f i ZnO substantsly mprcve th gas detecton capabily
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chemical bath deposition, eflu, and SILAR methods.*” Out of
these,the relux method is one of the most favorable methods

1. Introduction

In recent years, semiconducting metal oxides such a5 $n0;,
200, MRO,, WO, Ti0, and 1n,0, have played o key role in
various rescach sreas including solar cells, supercapacitors,
s semsors, and photo-catalyss, and many more applcations.”
Among these, Z010, a nype semiconductor, s @ promising.
mterial du to s non-cosicty, wid bandgp, ease of synthess,
doping, and high mability.* Morcover, the bulk to hierrchicsl
nanostructuzed morphologies of Zn0 can be casiy tuncd with
the help of a varicty of physical and chemical technigucs,
including sputteing, evaporation, bydrothermmal, spray pyrolyss,
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duc to its propertics (o alter the morphology and thickness by
contolling the deposition parameters like depositon tine,
temperature, pi of growth solution, and bath composition.” In
additon, it offrs an casy way of doping the various clemerts.
“The doping concentrion can be tuned to gt s good uniformity
and aerative thin flmsfor gas sensing appliation. Meamwhile,
the physico-chemical, optoclectronic, and gas sensing propertics
af 200 could be dramaticaly changed by the additon of dopants
or extemal impurites to the host clement. As far s the gas
sensing is concemed, doping clements are responsible fo the
creaion of thedefectsor oxygen vacancis in the matrix of Z00
and change the aspect ati of the morphology which helps to
adsorb the targe gas molccoles and subscquently results i the
enhancement of the gas respanse of the target gas.’ Various
transition metals like Cu, B, Ni Co, Al I, and Fe were used s
dopant materils intothe 200 matri orthe detetion o various
xidizing and reducing gases.™ Herein, we utilized indium (1n)
s a dopant because of is possible adhantges like augmenta-
ions of carie concentraion, conductiviy, valnces and abilty
o v rise to cxygen vacancics within the Z00 suroundings. It
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Porous In20; thick films as a low temperature NO, gas detector
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Smart photocapacitive Cu,SnS; quantum
dots-based flexible biointerface for
retinal-inspired photoelectrical
stimulation

npj | flexible electronics
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Sharadrao A Vanalakar' -, Mohammad H. Qureshi -, Mohammad Mohammadiaria’,
Sharayu S. Vhanalkar’, Jin H. i’ Shashi B. Sivastava®”

Rotinal degeneration, marked by the progressive oss of photoreceptors, s a leading cause of
blindness. Photocapacitve biointerfaces provide a prosthesissiyle approach o roestablish iht-
riven nouralactiviy. Hore, we present aflexible Cu,SnS, quantum dots/polymmer heterojunction
(PSHT-PCBM)-based hybrid biointerface that enables wireless phatoeiectrical stimuiation of eurons.
The device i forming a stack whosa effective capacitance and photocurent scale Wit wavelength,
emuiating etinal spectralsensitvty. When interfaced with neurons, the heterojunction produces red-
light-evoked photocurents (eak 4.5 A at 8 mW cm) and drives meastrable changes n both
membrane potential and intracellular calcium AFTF, increase of ~109%). The operation i non-thermal
and remains in the capacitve regime, whils the hybid architecture enhances charge separation and
Interfacial storage compared with single-material laers. These resuits define a flexible
photocapaciive platfor that achieves visibie/NIR neuromodulation. Validation on hippocampal
newrons and future stucies on retnal gangiion cell acvance ths platform toward prosthetic vision
applcations.
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material in different electrolytes

P.G. Suryawanshi ", S.A. Vanalakar (Vhanalkar) , KK. Sharma, AK. Tawade®,
AG. Bhosale ™ ©

R T —————
ol o (et ), Mot £ 5
S et ot iy, st 39 ke

. ok, T, we e oyt o coppr Ao (5. CE) i Sl o

i . o % e e, o v vibnd e R ooy 0 Pt
Tt Sy (TR Scin oo Moy (S5 el  hercl morp ey
o i v concemratons (1, 1 8, Ao e e CTS b e bt he
i okl SOl et b o e e

1. tntroduction

Electclyte lay vt ol n th oprstion of spercapacor e
i, s thy ar cosenial ke e andtatcring charesand
b charactesic sgnticanty e he eceochemicl el
mance ofthe clctode 1] Foe ntacecrasd nic condsctviyof
ety can mprove charge o at the clcho slectrte
intrtuc, and herby incrsio the overl cfcincy f the device
s, ighfonk conductivy, wide okceochemicalwindow snd
operstionserperstur ange, thcs nd chemicl Ay, inecnss
et sl properies of an iden lecryte ko Wi
ot efcive, sonlmmable, pon voltle, eco ey ssture (2]
Thes i s, s acons snd a7 of s
owves, th agoeou cleciiyes we widly wsed s ypicaly cate:
e it ckdic, alln, and s tyes 1] Ackic ey,
Such 2150, s ko o i high conductiviy bt posecorsion
ik lklind eyt ke KO exhbit strun ot concivy
and se s corvsive, making them voueable for sopercapacior

i g —

spplicaton despi of thie lnited poteal window (1], Newtal
letrolte ke XS0+ epeste within  wider volsge window snd e
e o, b h e i condctoiy e il n feiond
Copaciance. et yer, thebilgial i medis s s s 35
o ety 51, The i s in the syt s st
Copacance (], Smalleclectroe ons ca e sy penctte the
pores ofclactode mateials an ador o the face, eanci P
formance. Spcifc apaiance s stongy flsened by cation ity
Rydented o i, and o conduciiy, which Al et harge
s and o difsion provess

" Supescapacon rereh, KOH and NaOH elestrle s wdely
s, espcaly for predocpaciie mtcrl ke sl slides
becnis o thes high i conduciiy, cheical by, a0
compatbilty (7] Furthrmore, thy have  siple compriion nd e
el oo i e of cectoeheminy n e prsent sy, e
Chos s o o st b cation e s mobilty et
harge storag pcformares. Tt s o o aiatont n ydened i
i and by, Ahongh, the perormance of 3 supercspacior

003166 2020 B i A8t e e, i s ot s dts i, AL i s sl .




image4.png
Souelof ey Stoage 101 (2024) 15904

T —
Stoagt
Journal of Energy Storage
T |
Research papers ®

==

Unveiling light-modulated capacitance of sea urchin like 8-MnOg: A smart
flexible photocapacitive device
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1. Inteoduction

The eecrical energy generaion i a ncesslty of thepresnt rs, and.
there s a continuing nec for efcent energy Storsge 1o upplement o
variey of energy sources. I the search of effiient energy strage de.
vice, the supercapacitrs have emerged a  paramount technlogy due.
1o thel abilis of rapld charge-discharge and igh-power densiy
Central 0 the developmen of supercapacior s the selcton of elc-
trode matrials. Many materal, fom cabon-basd t ransion metal
xides have been investigated for heir probable vse In supercapacitr
application. Among these materials, mangancse dioxide (MaO3) stands
out for s avallabily, environmental fiendlnes, earth abundant
constituents, and favorsbl lectochemical charaterstis including
fast charge discharge, long sability and good rae capabily [1].

Mo, continsociahedral unit vith aboutsx major cysslogesphic

T Commpuntin sthor.

sructures inchuding ., , v, and € (2] n addition, based on space
sructure, it b hree aforclass such a cnnel ke one dimensional
(1D),layer ke two dimensional (2D) and necwork ke the dimen
sonal (3. The diferent crysalographic s well ss space srucures
contibute diffesenly o theelectrochemical propetie of MnO (2. For
nstance, s phase of MnO3 hs bcn extensivlystudlid s lectrodes for
ibrication of pseudo-capaciors. However, sailty fsues of  phase
hurdle s

and erys
rode research. The higher Inerspace dissnce o about 7 A and posi
bilkty of formation of (1 x e) tunnes, the & phase of MaOz will bo
promising candidate fo the fabricaion of efcient upercapacior de.
vic (3. Inadditon, &-MO; s sdvantageous to th ion migetion and
owing o interspac distance,lrge number of elctolye molecules can
pass through I (2], Moreove, the 2D layered sructure of he [Ma0]
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INTRODUCTION

The rapidly growing human population, along with
ncreased energy consumption, drives the. scentfic
community to research novel eneegy related technologies
such as sources and storage systems 1] I today’s energy

ABSTRACT

‘Supercapaciors are emerging s an lternativ to bateies due t thei High-pover
densiy, low chargin tme, safey,coctrochemical sabilit. and long cycle lf and
mangasese_dioxide (MnGy) is one of the bet elecrode materils 1o propare
supercapacior. I this regad. the MnO) a an electrode materal was synthesized
by using the simplisic elecirodepasition method and various characterzaion
techniques were carried out 1o nvestgat thee physicochemical propetes. The
scamning clctronmicroscopy ilusates the intrcomnected._nare-vall like
morphology of MnO; thin' Hims, resuling in 5 larger sucface area. This
morphology Is benchcial for proviing more acive sies for charge storage and
hence leads t0 a higher capaciance. Thorefore, e rano-wall like sirucure of
MO hin films were uiized for the lectochemical measurements and i
rovealed higher specfic capactance at about 465 g for low scan at of 10 mV/s
Furbermore, even afer 500 cyeles of voliammetry, the MnO;based
supercapacior exhibitsa highercycling stbily of sbot 98%.

KEYWORDS,

MnO, elctrode. Nanvall soucture, Thin Film, Elecrodeposiion, Specific
capaciance, Supercapacior.

devices that fll somevwhere between bateies and normal
capaciors in terms of foaure. Recently, atonion has
been focused on developing advanced elecirode materils
o et the requicements of supercapactors for powerng.
a wide range of portable electronic and consumer devices.
including powe sources, automobiles, camera, computers.

industy, the search for efficient and_ environmentlly
friendly energy sources and sorsge technologies presents
considerable prablems. Currenty. we rely on fossl fucls
ata pace of about 1 millon barels per day. despite their
limited availabilty and sigificant contamination potetil
1o generate energy (2. Consequently. the energy research
community s sctively exploring altemte green energy
Sources. Along with energy generaton,effcent siorage 15
also an important factor in the energy industres. Nowa-
days. the devicos such as capacitors or supercapaciors,
bateries. and fuel cells were wlized for storing electical
energy. Each device has ther unique characteristics
Supercapaciors, for example. provide high power but low
energy donsity, making them officion emcrgy sorage

ybrid ehicles, generaors, inverters and even In
bioelctronics 3]

Supercapaciors ae often categorzed inlo (wo types
depending on the charge sorage. meclanism such s
dlecric double layer capactors(EDLCS)  and
peeudocapacitors. The EDLC type of supercapacitors
progressively store charges via 3 non-faradic reaction. In
EDLCs, the clectical phenomens that develop at the
intetacebetween the conductve clctrode. and liquid
electrolyte belp to stoe the clectrical charges. On the
other hand. in the pscudocapacitors, the charge sores
dlectrochemically. geting energy via faradic. redox
reactions 4], Thore s another category known a5 bybrid
capacior devices which is combination of both EDLCs
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