


1. Reagents
For the s-@Nsg hmel amb-Aedg(iSclgmaand urea (SRL Pv
precursors. Sodi umaMooit 3p@;d a$S @ FKii meg dCrae m I tINd. ,

as the met al precursor for catalyst synt hes
obtained from SRL Pvt. Ltd., were used as sc
Cel | l ndia Pvt. htddée¢r wherempeowedkiasgael ect
( KOH; SRL Pvt. Ltd.) was used as tShiAgdmainoH)yt e
was used as the nitrate source. For ammoni i
(Nl ; SD Fine Chem Ltd., | on d 1S 8AY ndar ni dc hp) o tweesr sei L
respectively. Product analysis was carried o
salicylHsO; aSrtADn& G ch), sodium ciCHsDU- Bt ri bas
SRL Pvit. Ltd. ), sodi um hypochlorite pent

nitroferr sFceyNea®| de SRLC Pvt .-(-hapdt hyli)ahihryd e n e
di hydrocithbk 2 €1 ;(-€Sdgmah) , sMNGH,82@NH, a BiFdgena( H
Al drich), and 3Pp®&osSpRLo rAvet .acLitdd.)H Al | chemic
without further purification. AlIl L9l utions

2 SyndafheGatsal ysts

2.8lynt hesi-gsCsNaf bul k

Builgk:Nsa( B CN) was synt hesriefear nviindgr as mprraet ggugrgs/a ro |
reportedSpedihfoidcal | vy, urea (8 g) and mel amin
of deionized water, | itrakd ns ti ene hal alsOs0o cnilLa vTiee f d mod
was stirred for 1 hour to obtain a hommogene
subjected to hydrothermal treatment at 180 A
the intermediate product was collected, thor
an oven at 100 AC for 12 hodrs$ntbBifmalnley ,p otwh
calcined at 550mA® oat 2a hroatres dfog-GNae o6 Ad @ar yel |

2.2ynt hesis -0lft ExfjelgiCaNaednt

Exfoliateadcarnicag@NgEBNVCN was synt hediezpe d rwice sa
I n the fifGNu( BC&Pp, wiedlckhegdd t o obt ai n-CeNanemi cal
I n the second step, nitrogengChNcafdpeesf weakl
mg odCMN was dispersed i nS@anmdL hoefat @adn cad n tlr0alt

continuous stirring for 16 h. The resulting



water to form a white slurry. The slurry wa
water until a neutral pH (&47) was reached, f
g CN. Subsequent!|l prepa@®E€@nngEad tthhern maaslal yt uebtud ha
furnace at 600 AC for 2 h under an argon atr
ENyg CN.

2.8ynt hesi-gCéindMw@BCEN

150 mggOGN aBhd 50 mg of sodium molybdate wer
al cohol and stirred for 30 minutes. The mixt
in a 100mLndefdawmnhocl ave for 24 hourhsenatf il&Q0r/
and dried at 80 AC f org CIN. hlionuras sa md Vga@ N ortaendn e
was prepared by miQGWINnhgh 150mgngofof s&dNivum mol y

i sopropyl alcohol

3. Mat erhiaalacct eri zati on

The structure and crystalline nature-rafy the
di ffraction (XRD) analysis performed Wbn a R
radi ati-oay @absoXption fine structwdree GSXxmpske
pell et were conducted atAR,heopNWladkr db ebaymltihnee
Accel erator Research Organization - XEKWwas un
monochromati zed bogooanedSido(udlle) cwaRkbdraloamedo
Double flat mirror was employed for higher

cal i brat eedtglece MwbKequentl vy, the XAFS dat a

ATHENA program. The surface mor phodtogdy uwasnidn g
a field emission scanni nQEM, -AfpEIleon Shi egasppp
an energy dispersive spectroscopy (EDS) wunit
vol tage efay2@®@hloY.oeX ectr on sspyercttireossiczoepdy nfaXtPeSr
performed using aAlTphhear mourScaiceentardlcysd s spe
radiation (1486.6 eV). The dat a-smuafrielse sc uw e
fitting progridmrwint iz i a fGQauwcs glivann ammd pr ocess el
software. The binding energies d(hBeE)s toafn daarld t
peak at 284.8 eV. The EPR spectra were meas
5000. The UV/Vis dgpeadttmratfeorguammotrdiiadadamon we



V670 spect r rTolpehoRToinRketsepectra of the synthesi z

Bruker Al pha 11 spectrometer.

4El ecataMgas sr ement s

El ectrochemical measurement ss-OWES @0 protf @omtmedas
room temperature. Nitrattegprecuetcitom cwasni ewd |
a t-Breetrode configuration, conbe iesracep wnt Ac
the catalyst as the working electrode, an Ag
counter electrode. Al potentials measured \
reversible hydrogen el ectrode r € IReHtEi) o n :
E(rRHE) (Eg/AtciQ. 0591 I pH + 0.197 V. For catalyst
catal yst was dispersed in a miektNati @oh HKi nmd
foll owed by wultrasoni calt iocofn tfhoer -claeki.wtasu kodremgpu
activated carbon cloth electrode. El ectroch
containing 50 mL of 0.5 M KNO and 0.5 M KOF
0.5 M KOH as anolytehePriecttrol meéas wasmeut g ¢

to removeandsMLlivheedkarO sweep voltammetry (LSV

T1.02 V vs. RHE at 'tao sasase srsatteh eofc altOa lnyM isc
reducti on. Chronoamperometric measur ements
evaluate the electrocatalytic stability and

i mpedance spectaosicoepyoyyE! $3-1 mwep s@G\ Bii mdtorgu me 1t
an AC pertudbatvieon theplfireequency range of

electrochemically active surface area (ECSA
doubbger cappcataacdi g to thesTi€rmmuwles, WECS®
obtained from cyclic vol-ftamanbagira mse giodnd e(cQ e%
RHE) in 1 M KOH at scan rqtFée®natedngi hige fc aodma Q1
current, ar i-lsayer fohoanr gdionugplaend proporti onal

was extracted from the sl opeqldf2aitshikap)biod, of |
versus the scangdivalt ees Repnr etsleent @art @ ffaergldld Sc at al
antd)The specificg cwapsacddlanwcleat(eCd usi#®g t he

s ~wher 6 ADE mMA HmVcorresponds to the integrat

at 10, mV=8.2 mg) is the catalyst | oadivng on
is the sca)n, rdaidd (M¢ potenti al wi sdalwu g snV) .



normalized to ca@t,alwerte nfawsrst h(emP. cnigovexp e odr & ¢
kineticsRR,f TahfeeINO I ots were also plotted.

5. Determination of products and intermediat

5 .Almmondieat ecti on and quantification

The concentration o f ammoni a was det er mi n
spectrophotometric method. Three stock sol ut
sodium salicylate and 2 g of NaOH di ssol ved

pr epared by dissolving 1.25 g of trisodium ci
addition of 200 mg of sodium hypochlorite (1
150 mg of sodium nitroferricyani derdahptdyatie

eLof t hree apcotsiton el ectrolyte was diluted with
solution A, 1 mL clooff ssoolluuttiioonn BC weenrde 4a0d0d e d s €
was all owed to stand under ambient condition

specitmnumBe& 05 :mM0nugiamgea spectrophotometer. A ci
using standard anprOho)nisuon ucthiloonrsi de ( NH

5.Ri.trite detection and quantification
Nitrite concenteatctitomwmni el & diter opoystte was det
colorimetric method. The Gri ess Ni( daperthywags
et hyl enedi amine dihydrochl ori dePQ@idn. 050g noLf osf
deioni zed water. Eloorf niehaee apcoesmteomt el eloer 80yt e
mL of Dfiolwladwed by 2tCGhebhdd Gt i eAfstodare & g2 t
miunt as room temperature to alViswabsbopti drves
was recorddd@®dbO®Omnr ahge. A calibration curve w
absorbance at 540 nm as a function of nitri

(KNO solutions, from which the nitrite conce

6Faradaic efficiency (FE) and yield rate cal

FEs fzxamdNBHNO® terms of % have been calcul at ed

& % - pTTiiAH —— pT1M (1)

& % - pTr p T (2)



HerQi,s the total char genrpgpssesdct nd sr itrhgeg enluernbter
transferred (n=8 for ammonia formatcientaed |
concentration ovfi sprtdiceu cctat dheord eyrteet evcb,l ubies i n t
the Faraday constant (96485 C mol

Yi el sormmocand nitrite hawenilbedn mealanul pteed ume

| oaadixpg essedmgsusmmogl thhe foll owing formul a.
9 E A A— ( 3)
Here, 6mdé represents the | oading mass of cat

71 i tu SHItNEHRS s

l i tu shel]l i solated nanoparticle enhanced F
to investigate tshhredailce ¢ ounrodtdone niHta |l a N®I 1 ed p
customitzegdtaiunmn Raman el ecttr lbe heai acaayrsbcoent dcalt ogtd
was used as thé& wenkiihlgiycead ecod ateedde .§io@Alu )nanop:
wer e -chesdmt o the electrode to enhance Raman
and electronic interg@altd omo rbes t awddet nt Wasee $pd legtsena
to plasma treatment foll owed by ther mal anne
and ensuirmpafrricadmedanr epr oddCo btl reols ue ¥f alciec vol t e
experi ments were performeccoatthg pveseAcgcena
(AuNP) and the electrochhigtocati bembédydlbaltl ke
over the AUNP compl et ealnyd nred sskcd prrodcdnegkioniN €easl. e ¢ t
clearly shows oxidation and reducti oshepkhks
t he peakslhhekiredmpegr . AuNP served exclusively
not participate Thet8HlI NBER&| gaia wewoeeobt air
i nVia Raman Microscope with 532 nm | aser exc

data is opti ma zkettttomailsd grnaitloi o
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TablleStS uctur al par ametedge exX AR tfeidtafmmgmgnm ot
-1 2 . .
oB80120 amd a i 1e®98 (as obtained from Mo fo

Sampl |[Scatt CN R (nn(?( 1°a M| gko
pai-r (eV
MoO |4. 1NO. 178K
3.3
Mo /-CN| MoO |1.3NO0.207N 5.2N2 5.4
MoO |[5.8N0. 179N i
7. 1RK4]| 4.5
Mo/ EQN@N MoO [2.3N/0. 211K 6. 8
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Fi A NHsTemperature Progr ambbByd oDRe sfoorrp thioarmh (cNH a

NH-TPD anal ysi s:

NRB-TPD was performed on both catalysts to el
MPMoand assochatddt yewnsthe catalytic mecha
profil esg,CNMoe/xEhNwWwi t s mar kedly higher-g€&€&lsor pti
translating to a substanti al kmgolgiege ampar etd ot a
139 Inko lcghfigopr -MIENB Beyond the quantitative di f
NHdesorption pg&N oft B&oifiENed approxi mately
temperatures, indicative of a greater -popul a
gCN.e Tenhanced Lewis acid strength anrdCNi gher
are attribut®d Momatiitos cloonwpearC &M t mo IMplh Bat e sy
Mo*cent éc®nfidgur ati on)-t-setxrhoinbgi t L enwoidser ad¢ iedi t vy
propensity for Lewis basebt®ordwnagi ba thanr
charge density and partially occupied front
through combined electroét@dnseqarectloybittadle
avail abi®Isiittyesofi-gMoNMop Ebdvi des a higher densi:t
centres for nitrate adsorption, activation,
suggest’stihaet aMai |l ability is a key determinar
the electrotaaemboah netduateon pat hway.
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The el ectnmratamanlopt ied upet i foonr man c g CANf aMa/ BV B

gCN was systemausiieaabdliy i emal uanteed i c s, i ncl uc
density and turnover frequeAsslyomwmn OFi) §OR 7 le,n 8
of both catalysts increased progbéesaswvehy

Mo/ EGNEN demonstrating superior catalytic act
stat 17T1.0 V vs. ~-RAK!f cromy@MBdet ot he same app
Correspondisnigélyghotramad NHed to geometric area
uni t c eastsall yoRtdg mg&M(cdpwed a si mil arg CtNboe/nEDN wh e
gCN delivers significantly hi-g@Mratammolniian wea:
pot enetxiheiitBigmar kedly enhanced amm&mdla?lgmoduct
mga:at T7T1.0 o&ompaMBMHBECNS Pemo | 2kt'mgs) under ident

condiTao ocnosnt extualise the presewnitdaevbriker e (CcDe



Tabl2zeCoSnpar i sonRRofactthiev iNGg CNowi M/ BENW er

agueous electrolytic solution at ambient
Cat al El ectr ¢ NRyi el d FE (YRefer
CuNB100O 0.1 M PE 650 mhgd 95. 3 6
ppm 3sNO
FeMo DS| 1 M KOH/ 13.56 2y 914 T
KN®@
Fe/- NG| 1 (M) K( 1.08 mmgl 92.5 y
0.1 (M)
a-Ru/ CN 5 m( M) 145g1'mg ik 80. 6 °b
CsCQ@ 500
NG
F eTisO PBS/M. 10. 73 i 87. 6 10
N a NsO mg &k
CoP NRO.5 JQ@N®R 30. 1 tmgsikh 97.1 n
mM NasN(C
1:2 Mn 0.1 M KZ 20316*'magh 98. 309 12
RGO 0.2 M K
PCN&O0O0 0.5 M 89. 9¢ 13
NaSQ@+ 10/ 0. 032672gmm
ppm nit
FeOs NioGa{ 0. 1 MONa 47. 47'mgghk 94 . 1 14
0.1 Ms K
PBCo 0.5 MK | 995.5 N 28 95.8 N 15
0.1 Mz K mg &k
CoNi 0.1 M3zNa] 75mg"thnf 97. 8 16
L DH @eu M NaOH
Mo/ EQN@N 0.5 M+K| 1076& ‘mg 80.6|Thi s
0.5 M K

el ect
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