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Zn0-Enhanced Reduced Graphene Oxide Electrodes from Cocoa
Shell: A High-Performance Platform for Photeelectrocatalytic

Detection of Methylene Blue
Vlmnrin Axis?, Mubacmnad Zakar Mogakkar®, Andi Fem Naveahide?, Sagiads Dalit,

La Oxfe Abdul Kadirt, Dian Ay Leslare-, aod La Ode Aros Sahm?

I Deparmement Chemmamne Faciloe of daihenames e e cnces, Lamoerniaes fale Eien, Kenidar 97210

Siptiheasr Solgives|, fonit

2 Lhapar it wf Py, Foealte o Health and o, Cofveraiis Bl Sofel, Beff J7 803K B
Jiinmiie i

A Depwedive! el Oy, ool o Sriveoy Teohoolsmy ol Tietih, Tasdto Seing Teveiogd daon Kesefnion
(BTREL ayive® Kovdan, Kandan, 8000 Ssadboest Jufnees, Tedenesin

= prresponding Author @ (bsmmmaz=006% . com

Abstract: Tn rhis shady, wee tepont fhe sueccasfil preparation of reduced araphene e
redditied zine exide (PGO-FnY) compesites from cocoa shells. Synthesis of rGO-7nd) was
carried onr wsing the Thmmer method and theomal reduction. The electiode material was
cotnpreheisively clicterized siog fourier-tinstonm wframd speenoseapy (TTIR], X
sy dilfaction (XEDY, aod seawwg eleciron nocroscopy & Coerey Despessive Koy
[SEM-ENX). The photeeleckrocatabrie performanae of the prepared composite clectrodes
was cvalatcd using varions  elecrochemical  feehmigmes, meluding Tancar Swoep
Valtammetry T3V, Cyelic Voltammeny (O3], and Mulfi Pulse Amperomeny (MPA)
The TTIR arslvais of fGO-Zolk exhibired distinet bands comvesponding to OO af 1022 o
L at 1o e, and Zn-Ovat 433 g’ The XED analvals revealed clatactspistic
peiks al 20.6° 292° 362 44 04° 47 38" and 64.4°% couhoong e pressice o hey
crvslallme plases. SEM-EDX walvsiy of 1G0-200 1evealed o rougl sunlice worplologe
witl boagtll whte wod black remons, simoloang e coemislenie of 2oty and 7GO0 vath
carbom, oxvpen. and ame conlenty of TEYE%, 17465, and 3.56%, respectively, The
investigations ivcalved the phatoelectiochemical profiles of meshvleae Bus acpanic dyes
il differew consentranions, tugne fom 0.F ppoa 1o 20 ppos. Toe acquired fuslings offer

valuable understonding mde by pholoelechocalallic slfeclivensss of e cowpsmsile

hittpirne many scripteentral. comdjjocs
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clactrodes conrainmg, 1G0O-In0), meecsting their porental nse in potential secnarios

invalving the reviralization nfthe environmenr m indnarial water svstems

Keywords: Cacoa, r(0, #n0). Photoclcetrocntabvas, Methwlene bhie

1 Intradductinn

Methvleng Blue is 0 oofable derivatve of iacine dyve that bas proered stemlisad afieotio
s pulential solulion for varous environwoentel concerns, Vs cotwpound eatobils remmckable
properhes and bus fomd wpplicatons modiverse Gelds due o 1s dishnet ehberoeal stouelure mmd
rerctive charactenstics (13 Methylene bhae can be sourced from mnltmple onmns, meldmg
waste strcams from mdnstnzl processes and texnle dvemg operations. Tt prescnce 1m fhese
soatrces nighlights the need for effecrive strategies to mirigase s impact on the evirnnment
(2.3 Tndersranding fhe properties and belavior of medrdene blue is crecial in devising
cfficrent methods for 1ts remeval and management,

T reaponse to the challenges presentod b palhition attibarted o methvlene bhiee, rescarchers
have hezn motivated fo develop cost-effective, environmentally frigndly techniqnes for
quantification and remediation of rhis solstance. Amoag thess rechoiques, electrochermical
tethods, specifically cvelic vollumwetry (0V), Lave gaoed sigufican: arention due o el
caped pespmse tnnes, enceplionel sepsizaty, and selecliviy (4 &) These methods provide real-
Ltne twenibong and seourate amalvsis of el lens blue conceniralions across diverss malnces
(7.5} Keconl advancements meleclrochemmenl sensor perfimmance bave been acheved Urough
the imegration of advanced manoimatesials Among these materals, educed graphene oxide
(i, svaelliesed Do cocoa shell wiste, lis eersed as oo prooosione caodidate [ eleclode
tuodiCenlion. s distinelive siruclual asd ele; hacal properies render 11 un appealiog platfno ke
sensor developrment.

Coooa tmsk, a byprodoet of cocoa processme. presents cnvirammental challenges wanng o ats
dispngal. Within this abindant cocoa shell lica comsiderahle smouds of celleloae. lignm, and
hemicellulnge, with a sutstantizl carhomn content, renderving it mirable for the peodacrion of
eraphene oxide (GO0 (32 Bofl GO and graphene shace & comunon graphsae fTamework,
cxinbihng akm chomesl. ophical, and eloetrical praperhes {100, GO, ennehad wath fnenonal

arops lke carboylates, cpoxy, carhonyl, hedresml, and phennlic zroaps, has fmnd sxtensive

It mc manusataantral canjlocs



K]
i

i

kL
n
hF)
12
14
15
i
kR
I8
1a

10

L
41
14
4%
16
47
18
40
50
1

-
<

5
54
55
it
5
1]
50

Joumal of Dleo Science

application m diverse fizlds such as cleehrocatalysis, homedical contexts, separation membranes.,
gsengara, &nd cncrey conversion and storage [11).

Laplovaton bas been undereken lo combine 100 wilh gme oxide (200 massossiues,
pimmg W bemess syoereslie el el viedd orpreved conductvite and - elecirocatulie
weiavily (123 In the mealm of pholoctalyie reachions, £o0 aes a2 o semmcoduclor catlyvst,
parbicularly o waste featment applcatons (13). Znd) boastz sfinbules sweh as oom-
cartnstveness, coo-inendimess, a lgh diclectme constant, atnndanee, stabihey, non-tomioty. and
an cnerzy sap ot 3.37 eV wnd an sxcitation of G0 me¥ [ 14), Howesver, #s substantial band gap
enerey pnses & limitation, confining its activicy exelosively to TIV Tight exposara and fhercly
eurtailing its overall efficacy (151 To sormount hese challaages and amplife photedegeadarion
cllerency, mlepraton of 4 spporimy mulenal beomnes wopernlive ke mligate Tecombination
ralcs and diwmmsh the bandpap coerpy. A range of esbon-based matenals, eluding carbon
acrogel (16}, carbon nanotithes (17}, earhon dods {15], magnehie carfbon (19, and (0 (20). have
heen extenavely rescarched to enhance the photocarsbyoe perfirmance of Znd nanopamclas

Hare we report the development of efficient and sustainaltle phetocatalytic materials
important o addressing pressing eavirnmeatal shallenges and advancing varioms fechnelogical
applications. The combimaron of (G0 detved fiom eocoa shells with Za0 doping tecliniques
presels g prowsiog avesoe ko enboneig the photocatalvtic activily of Zuch. Dy iy e
clactromiz haad struchire and impreving wmaikle hight shsampbhon, these doped Znl) masenals hold
grcal potennial in fhe dezradstion of arganic pallutants and the effeerme nrlizaton of solar
energy. This smdy aims to invesngare the performance of fe rG0 encoa composite elecmade as
i photeslectincatalvmic sensor for Metlivlene Tlue eonritaring valnalde insights soward fe
development of Dwevative and sustamable solutions fo environental emediation and sensor
applications, The meclosn for e pefoonuse eplvocemenl of 150-Z0) composiles

elecivode will be dussussed

I Methods

1.1 Synthesis of r{z0 composite
The cocow shalls are snbjected to a sun-drying process lasting £-3 days, followed by their
mutroduetioz ol G combostion medine, The epsuie chareoal, denved fon e commbustion

process, 1 swhsequently commazled wwd subjected o Gliration wsiug a 208-mesh pove sz, The

hittpirne many scripteentral. comdjjocs
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sviilesis of GO entals e oxidelion of paphile powdes uliliaing the T wmodilicatiun
nrelhod as debmatsd morelerenes (210 1o Une procedimre, an el wmalgimsiaen of 2.0 0 of
grapiiits (denved fow cocos shell chovemall with & g of EhoCy, 98 wl of concentrated [1:540.,
and A e ol conventraied HuNCy facihilales o oxidubve rewchon thal s mandaimed wnder siomog
tir a dhration of 4 howes within an e bath, The resduz] shery gencrated thercatter s freated
with |5 mT. of TT.40 solhition, sabsequent o its repeared washing wirth ever 200 ml of dejonized
(D0 water, condueted eratively (excesding Suee cveles) il the solunon teaclss appuogingie
nenbalily (pH -7 Conseeatively, e solulion uwidermoes sequentml washme with 0.1 3 HCL
1 warer, and aleohal, folloercd by milhple conmtiugation steps, unhl neanmg newtrality.
Ulrimately, the pesulrant praduct 15 snlyjected to vaomm oven doving at 60°C for a dugation of 24
howers. Al chemical substances ecmployed inthis procedure were bonsht from Aldneh (U547 and

were emploved directly withent wndergaing additianal porification

2.2 Prepavalion of r(O0-£n0 composile elecloede

The working clectrnde consists of a cylmdncal plass wath & diwmeter of 4 mm, which 15
ennnectad o q copper wire The preparation of the rGO-Zn0 composite involvad the simple
paeae of Zo0 willh varving mmasses (00 g 02 gand 0.3 g) walli 0.7 g of 0G0, The esuliog
nilure was Uwn sround aud stieved wsmg o 200-mesh stunless sleel sieve, Subsequently, 03 ¢
of paraffin oil was added, and e mixmes was stined fo0 30 mimes at o tsnpeianic of 30 °C.
‘Lo ensuae o st e Qud surlace, the elecirode was pohshed with pager belore conductine e

expermment, vizlding a alossy finish conduerve to ophmal cleetrochomical porformanee.,

2.3 Characterizition of comprsite

he composite cheamesl strcloe aod stee putcle was wssessed employving Fower
Transtomm Infrared spectroscopy (FTIR) onoa Shimadey IR Afimne-15 systom and X-ay
Diffracrion (XRIX) ar 200 — [0-70 degrees using Cu-Ki— [ 34000 on a Shimadzn 6000, The
peaphedopy awl cowpesition analvsis of the G020 composites wis conducted laough
scanning electron micreseepy & Fnergy Theapersive X-ray (SEM-RDX) nsing a HITACHT
SUAS00. Electochemical propecties investigation of the eomposite was carrizd out tsng cyvelic
voltemmoetry lechmgue with g polengostal DY 21000 The elevirochemical mulyss wilized o slass

contamer wath a diameter of approsmmately 200 em and 2 height of around 3.50 cm. The top

Mg m e manuscripdoe nlsaloarndjjacs
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cover of the contamer fzatred three hales to accommndate the clectrades, wrhich meluded the

weorking and anxihary electrades, along wirh a retzrence clectrode.

L3 Phdoclectrogatalylic degradation of methylene blug

Lhe smvestipntion pertmined o G phobedecroculalybe desedaion of metbylens bloe ad
weas conductod withm @ three-clechrode clecirochemical comfiparabon. In s aramgement, te
warkmg eloehode was fabmeated employme rGO-200 compositz matenal, a depichan of which
15 pcaented i Fig 1. The referenee clactrade of chodce cneempassad an Ag/AaC] confimuration,
while fhe eounter clectroda consisted of & Proplate. Muln-Palze Amperometry (MPA) was fhe
elected techniqne for experimantation, wherein 4 potential bias of 05 WV was maintainad The
tllurmzation source enconpazsed a 15-wull UY loap cadiadng el at wowavelength of 360 1
wecompamed by visble hebt nradiahon at an enerry level of 15 Wants, Factlitated by 2 Xenem
lamp. The expenmental condiens dictated that the photochemiezl reactor system sustam
aralacnr ronm temperahare. The protocol enmiled freating 2.0 ml of methadene Bue dyve at en-
mimete inrervals, spanning a toral experimantal dusation of 1 honre Menitoring of the degradation
roeess was eneented theozh emploviment of a TV -Vis spectromerer. Pavalle] experimentation
adbering o identical conditions was exesufed urilizing a OO 2lecuods, serving as a cefelence

peind [or comgsanson,

a (ol
L
|

2N
"‘\I.I' v fu
7

H -\:iln.l:lm

AN kR

", L

Fig, 1 Vaizual representaton of the workimg clechods stmchire, speetfically e 1i0-414)

cleetrede, throngh photoelcotrachemmizal expermments.

hittpirne many scripteentral. comdjjocs
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A Boestity and Dikseasslon

3.1 Charracterization of 140 Lol elecinxle

Thee UTIE clinacbe s o e (GOS0 elecinmde azned lo wdenlily il gromgps
Forrnerd ihiminge synibiesis. The presemice of Tess amonps was e smnired oo mmearili ice
reales e e FTIR spocmim AR et 1o A0 am-] Fip. 2 shavss the FTIR rewales for the (0G0
Anll elecirocle, nubcabng deshimet e alseeplion peahs. Malably, pezhs al 2380cm |, 171000,
It e ! 2l TR2S ot owere ol wibalsd o e 03 1 C00 O ol © O3 boands, resmechively
(223 heceawer, the FTTR anahesis idenfified o Znishond ot 435 eyt i the p0e0- 2o comiposite,
Fet the st sacapds pocpared via tharmal redvetion the F U spenn eabibinsd vibvationa! poaks
al 455 s ! foonaliimee Fo-00 Lo ] el DO e ! (0= boael) acat 1024 -1 Q00 el
charsclersie ol G0, Inlemssimgly, he TTTE arslyse el mee shavas arge sthmlu redaled an e
b H premip in taz G000 comnnsice . This enn ke aritfe el ra the thermnl redozian methed
which weoids wzter vse gt Liph emperatrss, aceveniioe the fermation of U-E zrovns, Tase
FTIE vesills abin wilh prier dudies oo o000 Tased comrmesiies 223 hoclier valutalme the

symrhesis sl chnmscserirariom approachy

Flpsme manusnpioente s s o
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Fig 2. shows the resulls of FTIR analyas for 150

The phases present in the material aere determined dirongh XRTY analvais. Fig. 3
digplava the KR reaults of hosh GO and vG0-7n0l The XRT patterns af the GU erystals
exlihit distiner diffraction peaks st approzimarely 20-1267 26.62°, 3775, and 24.04%, with
comesponding interlaver apacings () of 0984 A 3345 A 2381 A, and 2 054 A respectively
Motably, the characterisric 30 Tand at 10-127 s woigue o GO0 The XRIF analizis povides
vitlunble mmghis i e orysind slroelures ond phises present m e melenal. e prommoen
peiks observed m ke XED pattemns mdieale the presenee of speciie erystal planes and mierlaver
spacing within (0 and 1€70-700, Morcaver, the XRID datn belps to sahdate the suecesstul
reduction of (303 to rGO and the meorperstion of Znd mitn the compostbe matenal. These XRD
reailts arc constatenr with provions smehics on GO-bazed eomposites (230, futher suppommg tha

identification of craral phases and lattice paramerers within the material

Necpredf i M usripteenral oo j o
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Fig. 3 XET apectrz of GO and rG0-7ncy

The SCM images revealed elaments like rGOr rend to absorh light, resulting in darkar-
eolored pacticles Fig, 4a. Distinet features of fropsparenr biack and brield white pacticles,
corrceponding to 30 and Zndd parheles, respectively (Fig. db) This phencmensn can be
attrbncted to the metallic nabwre of Fadd, lcadime to a bnighter appearance when exposed to hght,
Addironalby, the imegular marphological shape of the o0 eompenind was chaerad, as Teported
in previons stdies (24) Further quantisative analysis of the rGO-7o0 campnsies 2lemental
pompsition was carried out fuengh Trecey Dispersive Xeray Specrvoseey (TIK). as depicted
w Fig 4 The LDX speons of wearporation of 0G0 jone the Zoch powder coufiomed e
pressee ol cinbon (0], vayveen (00, wwd dne (Za) contenls of TEOE%, 17 40%, wd 3.36%,
respectively,  Lhe SEM amd EDX chiomcleristons provide esseninl mwsiglls mio e
morpnelogy and clemental composinion of the GO-FnG eleemade composita. Theae findings

anppioet the sneeessfinl synthesis and doping of vG0r in the Zrd matriy, validating the composite's

sivpetiral iotepcity and compsition. These results are covsistent with previons research oo

hittpirne many scripteentral. comdjjocs
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simpilar (GO-Zn0y composites (23], farther corroborating the characterization oiteomes and

suppeting the sompesits's perential Doy vasious applications.

c Element Wi (%) At (%)

C THAE 15, 16
0 17.46 14,13
n 454 07

:,,' 0 Zn

T P .

& |

=

Ke¥

Tig. 4 Mocplelogisal aud somposine] chaactarisies ustated, SEM depiction (2 160, (1)
v0-Z1, alog valls EEX analyvsis tesulls {) G vG0-2nl)

3.2 Fe{U'N); %Fe((CN); * electrochemical system

Ul presenl melsad [ocwses ou the slectochemmel belavior of Tour diflerent woking
eleetrodes 0 the presence of Ea[FeiCN)] as the elecnolyle solube. From ke oblumed CY
araphs. dishnct peake potentals, snd poak ewrents were obsorved for cach clectode. For the
0y eleetrodde, & cathodia peak posential (Fpe) of 006 W and an anodie peak potential {F pajof -

025 Voweps recorded. with corresponding esthodie paak current {Jpe) of -68 uA and anodic

ntnime rr-rlnl.:-rrir:lrl miTa COMm DS

Fage 1019
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praak errenr (Tra0 of 99 & The inadaction of Zn0d into the rG0 matix resalted innotabla
changes i the eleemachemical behavior, The tGO-Zn) compoate with (00 gram of 2a0
disglaved a cathodic peak portentizl (Tpe) of 002V and an anedie peak potential (Tpa) of 129
Vo acenmpaniced T eathodic peak carrenr (Tped of -163 pA and anadie peak ewrvent (Tpa ) of 163
pA As the Folh content inerzased to 02 prams, the composice oxhibired & cathndiz peak
pratcitial {Fpey of 003V and an anodic pesk potontial (Fpa) of 030 W, wnth cathodie peak
carenl (lpel of -226 1A and ansche peak sworend {Ipa of 286 pA. Father mereasie the a0
coent o 0.3 s mesulled oo enlliodie peuk poteninl (Epel of 006 Y aud wnaoodie peak
pberctianl (Epad of 4038V wall calldie peak corend dped of 114 A and anodie peak cuarend
ilpsa) ol 02 pi
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o el
‘.\ "4
s
200 | | |
=10 ik M2 nz T 1.0

F(V vs Ag/AgCl)Voll

Tl & The OV graph by comparing fonr wrorking, elecrrodes nsing T2,

Te(C™g| as an elzctmlyie
galnticd

Thigse observations wdicate that the wowpaaion of 20 sizoificanly wloeoes e

elzctrochemical behavior of fhe (G0-Zody composite (Fig, 5) The variatons v peak posentials

and peak comenes smazear changes in e redoy kinerics and charge transfar processes within fhe

compsitc matcrials. The presanee of Znl) may abrer the clectron transport pattmravs and atfeet

NPy mcmanyscrphoEntra com || 2
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Qe ovenall electochernical palommmee of e cormpostle. The Dndines o thes study shed
hght am the patential apphearsans of rGO-2n0r compasites m varims electrochemizal devices,
mehiding sensors, hatterics, and snpareapacitons (26 The shility to tone the eleerrachemical
Delirvion by varyving e 200 conlent provides a wepns e Gl Qe composite’s properliss [
specitie applications (37) Further mvestigation and optimezation of rGO-2n0) compasites may
lead looenbenced  slecrochemical perfnmmes and  expanded  Duschomalioes o Qe
electrochemical  technelogies  However, more  in-depedht  analysis and  comprehensive
chumeleszanlion lechmgues are wannmbed o flly mderstiond e wmdeclyage mechamsms ad

aprimize the performanes of thess materials,

3.3 Phabaeedect povalilyliv perlormince

Tig. 82 presents the Zncr aetiviey noder different lizht iradiation conditions. showing the
haghesl achvaly with UY Dl imndieative of shong pholoelecrocatulvss, However, visible T
and dack conditions resulfed W eomparatively Iower Znk acteeiry due o less alsorbabiliny by
(e ) worktng eleetrode eansed by Brzer vasihle Reht seavelenethe In the sbsenee of lighl, the
Zow) woeking electrode failed to facilitate the pecessary eneray wansizr betwezen conduction and
velenee bands, Mesnwhnle, Fig. b illustrates the photoclectrocatalysis acimitiey of the ek
2ot electrode, exhibiting efficient photoslectocatalysis under visible ligle adiation. These
lesults  underscors e importioce  of  Heht  owivelength i desizoing  effective
photoclcztroeatalvie svstoms and call for finther mveshgations o optimize the performance and

understand e wwdeckving mechanizms of these marerials (28],

b
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Flg. & The LEV graph (a) Zn0r electrode, (1) 1G0-Znc electiode, and (o) amperomogeam of
rGi0-7nld cleerods

Fhotocrrent Tespotse measurement of rix-/n0 cleetrodes to methviene bine compoimds
wag carmied onr using the MPA mefiod Based on FIg. 6 the phomeureat produced from M
dve sidulion v greater o Qued of the eleviolvie solution, The reulimg el corenl i e s
ol s etdation eurcesils of meellene blue cormpounds snd B cxdation eurenls of elechelyle
anitioms [29). The presenee of this electrobte snhchian mereases the enndnctiviey of the sahitan
winel  direelly proporiennl o e cument of Bght Accordiye ke (300, he ekl curent of e
aomtion contarving the anabvte wall comende with the blank sphimonlight coment. which
idicates that the degradation process is complete. TTowever, the picmes shove does nor shiw
(e Dol ennremal gurve of e wabte comcides with e gl cument of e blank soluden, ds 15
i e the wo large valmme of the methylens blue commpomid seleion a0 that the axsdation
process 15 imperfeet within 60 seeonds

The relationshep betwesn Cuett {oer chaioed and the concentration of wedivlens blue
cormpoutels wius mvesizaled, us depielad o Fig 7. Ul prooacy objeciive was o evaluele G
perfarmaes of e 1G0-Zo0r eleciede i Jerecting methvlene Dlee compeunds. Iy comparing
e penemuled clanpe valoe wall the Geoeheal chorge value, The resulls vevenl tal he o50-
00 eleerade exhubits excephional precision m detectmg methylene bine compomds. Ths
remarkable precision is o accordance with Tasaday's law, a fandamenral priveiple o
elechochsmslyy, which states that e amoust of clazge produced dump o elesiiochemical
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al the elechods [Tenve. as b concemtration of nethelene bloe cowpeonds o e soluton
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inereases, the charee reception atthe Slectrode alsn imercaszs (30

Onett ()

Fle. T The rzlation berween Cuett and concenrration mefvlene Mue compond

The olserved precision in detzcring M dve componds can be amitured o the smong
wteraetion bebacen the catalyst's surface and the orgamee compoumds. s micrachon promoles
a higher rate of oxtdation tor the methylens bine meleenles, resulong moa greater generation of
glectrie charge (31,323 The efficient oxidation process firther cormborares the electrode’s
proficiency w lawdling wetledlene Dlue compouuls. The ewpirical evidsnes obiaived i this
shudy stpmbleanilly strergribens the imderslanding of the fGO-£o0 slecinndes ellesiveness as o
senzar for ME compomds. These Fmdiees have nopheshons G e development of advimsed
cloatrachemieal sensors and may find applications i envitnamental mostaring, water quality
assesament, and other fizlds where rthe defection of organic compounds is of pasamonnt
nnporlance. However, Sother vescarch snd vahdation are warmanted to explore the electrode’s

perfommance nnder varang experimental eonditions and ro nmrestigare s potential for pracocal
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4 Conclusion

L s study, we sueoessfully prepared 1G0-Zudd composite electiodes fonm vovop 2led] The
svithesis of PGORZal) was conduered wsing e Thnmmer wedod and tegal ceduction, TTIR
Analysis of (GORZ0 showsed distiner Tands correspordiog to OO0 at 022 e |, OO ar [aod
cro-l, wwd Zn-00 al 455 ew-1. XED analves wevealed cluraclenshe peaks an 26.6%, 202" 36,27,
A0, A7 58" e 601", condmamnge e presemne of key crestullae phases. SEM-EDX uuulysis
of 100-£utd vevealed o rough sucluce morpheleey wall bogbt whie and black meeioos,
similvine e coextslence of £a0 and G0 with carbom, oxveen, aud o conlenls of 75 98,
1716%, 3.30%, tespeslively, Lhe mreesimbion meolved photoelschochemical profles of
meflelene Blue ovmme dyes al diflerens comenimiions, moeme o 608 ppwm e 30 pow, The
obtained cesulls provide valoable wstelis oo the phoeelsctosatalylic eliceney of e 100-
A0 conposiie elechiodes o potentia] appliviticas b envivcmnelal cestotlion witlin

metustia l water sysloms.
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ranaarsitescrics i1 tae il Far exampla, tae ik like L Zni-Erhancad Reduced Graphene Oxide Elesftrones
Tram Ciocoa Sael. Manoarchibecienics Platfarm for Faotoescirocatalviic Detaction of Mefhviers B'ua .. may sound
mare iracvalive.

1) Figura 1 & net i1 grod balzaee af neividual ilems e 1is case, scheme ar ahatazatabes: mechanism is mest
Mparta . Howewer, tis e is rater small in this figues and detqils ceana ae soen wall. This item bas o ke mars
efiarged in ks Rgure.

dj Please cansder evor evaluatian mare jemar bars for alats).

Faviawes 2

Cammants iz the Suikas

In 1hl8 500k, The QLGS MECL 380 N Socoa 2nell wesha &3 8 raterlal for seduses qraphene dxlee w=ad nooyvelis
wilbamenety, an efective eatmerd method Tor amethylene Blue, ane vaed 130 coeta eonpaalls eledToge: 89 4
phatoelecirocatalydiz sersor for methglene alue. Th= purpose is ta irvesligale the perdarmance of the authars clzrified
ik charactenstics of this electreal matenial by FTIR 2nd X-ray siracture znzlysis. and verffied the effect on mathy arz
Elue cornpungs. | Qererally adrae with b autors’ evlew meticds, resuls, ano sanaclersion:

| hiave bz comments

1. Regarding tha effectweness of this metiod, | would lise o kraw baee 1 € fars (2specially the srong poird) from the
currart metinders BHus teament metied.
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Thear Faltor fn Chief
Juurmal of Clen Scicace,

Vlmk vou Tor considenmp our journal entilled "Za0-Enbenced Redueed Graphene Oxade
Fleetrades from Coena Shell: A High-Perfmmance Platform for Fhotozlecrocatalyhe Deteehon
of Methylene Bhue" for review, We hape on jonrnal can he pmblished in fhe Toumal of Olan
SElsnee,

Resaeweris) Coments to Auther
Deviewar |

Comstnents b the Anthor

This wanuzript asrsally provides irepssting Jata. These dar ave valuable of belng pullished in
seienlifie joumals, PubBcation of (ess data iy pubhic jouml media would fave mood e Qecls
the relaled tesearch Dolds. Fron these positave viewpornts, [may reeommmesd pubheation of Hhs
weark in Inurmal of Olien Seience with some rewisions. Tmay snagest seversl revigions. TMezse see

Lrelom,

1. Rescrrch taraots are rather popedlar. Therefore, supenanity and specrfic advantages of ths
wark have to be well disenssed upan comparizens over the relared marerials reportad in
the past literafures, Dapecially, discussion on rsaeons and mechanizuss an sipetics
[t Tws ko b coade quimbilatively o delals.

Angwer:

Thank ven tor vour advice We feel that the quality of our wanuserips has improved atter
revisiog i aceunding e vour sugeestions, We hove added s section o the trodustion
et resully und discuzsione. Here we tepont Ui developawnl of elfictenl and sustamakle
photocztalytie matenals mpontant to addresamg pressng envieonmmental chalienges and
advanclog wvackms technological applications This reseaceh hes several specifie
lvanilapes, such as walieog covos shell wasle on producinge educed maplene eaude
G0 brmys econmme e emvromenental begells, ranslonnmye waske milo valusbie
gonsar material, the smergy beterzen 30 and mne exode (2o} eonhanees the
elestrocatalytic activity and exhibits improved visible light absorption comparsd to pmre
Zu, Dokl poleniial for logher sholoslecrocalalybe activily wsder sumlighit, The
cortbinatton of s dertved fom cocoa shells with ncd dogmig lechmigues presents a
promusing avemie fir enhancing the phetocatalytie actvity of a0 By tunng the
electromic tand souenue and mproving visiple light absorption, these doped Zolk
ralerials hodd meal potental mothe degredabon of cgame polluiets sud the elleclive
uhbzzanan of solar mervey.

2 The titl= had Dettes be modified. Sowe feeling rerms such as A ITigh-Performance Liad
better be peanded (beciuse perfonnaness ave always nproved and Iigh way nol be oroe
m futurcs). Instead, wse of vew concept words may provide good effects o mercase
innevarive impression. Tomay supges mse of an emerging  concepmal - tenm,
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panearchitectomes, in the ritde. Tor example, e title ke . Zi0-Tabanesd Bedued
Groplens Oxade Clecirodss [ow Coven Shell Nacarduleclomes  Plaifom L
Phisloelsemocata vie Detection of Melvlens Blue ey sound imoes mmevalive,
Answer:

Thank wou fer yonr sdvice, We foumd the btle t be mare micrestme and soennific alier
making changes based on yor suggestons, We have comrectad the title m the mamisend.
“In0DEnhanced Reduced Grapheme Oxlde Flectrodes from  Cocoa  Shell:
Nunoarchitectonics Plallerm for Fhoteclecirocatalylic Detevlion of Methy lene Blue™

Frzure 1 3s ool o good Dalinee of txdrerdual tenns. In Qas case, schewoe ou phulovatadst
tuechumasin 25 ol nuporlinl. However, Eus tlem s atber stostl o s e end detals
e be seen weell Ting ttern kas o be mese eolared 1w dos Npure,

Answer:

Thank e ton venr advice. Sarry for mar inacenracy. We have improsed the quality of

Fignre |

Figt, 1 Visual repaesentalion of the workine elecliods shuctues, specifically e 1G0-Zal)
elecirode, taough pholoelecechenneal experamends,
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4) Pleass consider errar evaluation morz Gerror hars for plats),

Amswer:

Thank you for v adwviee, Thank vou tor your advice. We have added the arror bars far plats m
Figra 7
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Pevaeer: 2

Connmnents Lo the Aoller

I s s, G puthions focused on coova shell wasle as owatennl o reduesd graplese
et wsed moeyelie vollammeiry, un elfechve wewhmnenl method Gor wetbeeene e, and
weeed G0 cocow conposite cleetodes as a pholeslecloeulabaie seosor G el e
bebue. The purpsose 15 Lo iovestgals e perlommanee of Te wellor: chmfed (be
characlerizhes of this eleciical matenad by FI and X-ay slroctme aonalyss, o
verilied e ellecl on metadene blue cormpounds. | meoerally sgres satiobe autbozs'
revtew 1o tbieds, visulls, and conzidenlions.

| b Do commmoenly:

. Repurdmg the elfeotrveness of Uns metod, Deowld ke o know bove ot dilfers
il ly the strome pomt) from de cumens mellyvlene blue wesbmenl method.

Angmer:

Thanks for wour respopse. In eompemsen wilb other deteeton methods, such as
spectropholometry or convenlional slectrochemshy, Photoeleetroctalyiie offers higher
sengitvily, belter specticaty, and a wider polenhal for appheanon movanous fclds of
malvsts and momionng, The Pholoclecirocatzlyise melhod provides severnl summficamnt
edvaniapes m detecting methylene blue compared 1o other defechon methods,
Pholozlectocatalytie micerates pholocaialysis amd clechoestalysts reactions. eanlime 12
bigh sensibaty for delcotmg tarsel compoumds ble methylene bloe, This wmigue
comtnatcs enibles syl amphficason for low cncenmbons with ek acoracy,
Anher advantage s gher speoifioty o detechng tarmet compenmids, s the
photcaiaiyety and elecirocatabvaty msed can be medified lo reanl sclectively, wiclding
spmeific respovses. The wse of light energy a5 a Wigger allovws rapid and sensitive
detection withour the peed for additional chemizal reazents Turthennore, the electiodes
fsed i the Phetoglectrocatalytic methed tend o have o loog lifespan e to
elecrvearalytic reacrions on fhe electrods surface, witich lielps prevant degradarion. The
Phetoslectroeatalytic metliod s caalles o sim detection withont the nsed tor complex
satnple preparation. Neverleles, Fhoteelesrroearalvric also as some limitations, =uch as
comglex experimental semp aud e requirement for a reliable light smece

203 3 s wrirren twize wthe "2 method ™ e, I sbonld Be corrected,
Arsmrop:
Sodny for on iistake. Wetve fixed fhe metlods section,
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Photoelectrocatalytic Detection of Methylene Blue
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