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Materlimadbws (!l 1) pht hal ocyanine (FePc, 9 8 %) was
Science and Technology Co., Ltd99 (BhaWgoh i ,40

alumi num powderem) (2a9dwgr @phikt d0powd ewesr e( 9p9u rwet

from Al fa Aesar Chemical Co. , Lt d. (Ward Hil|l
froA addi n |l ndustri al | N-di mg tShyalnfgcdhrama mi dfei n(aDI
potassium hydroxide (KOH, 95 %) were purchase:
(Shanghai, China). Pt/ Cerpopowaddased2®rwim %Bhangh
Co. , Ltd. (Shanghai, China).

Synt hesdiAs COiAl .Gvias synthesized by folffowidegaial
titani um, alumi num and graphite powders were
mill ed for -pdr8eshs,edandntmolcdylriemdmuirealofdi~slc sGPwnd
then placed in a tube furnal4eOOun°d@&rf drl o2vi m.g A

room temper at umiel,| etdh et od i ositisd b@ne vteheer sd.esi r e d

Synt he gsGCBFKMEEéNn B s 2 ;Ad ,(biwd ears mmer sed into a 30 mL
The mixture was stirred at room temperature f
suspension stand for 10 mi before collecting

resulsCaxMKemesvaeshed by deionized water and dri

Synt hefse BPgCAlfMXenxQ0 mdgiCdfMXene and a certain am
powdweagrse di spersed in DMF solution unMNext ultih:
FePc DMF solution wa9giCaldMiXeedn et,o0 foon d ooverdt abiyn iunlg
for 0.5 h. The mixed solution was f ur tThCelg st
MXeneskFe AdUdIMXene was coltrhredugatbpwyngcewashed wi

and dni eédactu ueodv e°rCni ght

El ectrochemi calAl heaBGRIR emeassr ement s wer e cCon
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el ectrochemical workstati-ehe¢tCheadabduael Chabha)yo
platinum (Pt) foil, a saturated cal omel el ect
used as counter, referencg. amdewonkbahgsel eaks
primami xiwg 5 mg of catalyst powders ampadwdermg
mi xture was dispersed dLofoi ao0po0Blpmafn odcte icoanbiDzad dh
andel50f a 5 sdl Wt iINarh.i oAfter wultrasonic treatm
casted onto a polished GCE surfacesGmpiktAntBe

saturated 0.1 M KOH solution serving nasalell eGR
measurements. All the potentials were calibra
to the ECRuERISCE) + 0. 0591pH + 0. 24. Linear sw
out with a rotatingerdernstk rdteattiromder tROE)ofat 4 @
2 025wirtphma sweep.rdahe ecbl5emVed LSV data can

ORR ki net ikeosu tuescekmyggh hei on:

P PP p P

Q0 £0000 e 00Tt TE] T
whejrjg gqm3dand for the measured, kinetic, mnd d
is the overall tralRséenmhed Falradtaryo nd)omissnmethe (

geometric el ectrkKiade tahree ar a(tle. Icoobnscti@ns fbe eayg
concentrationyBKODHOKk$g®modicP0i & the diffusion
oxygen ("c.i®% gixs 10he kinetic viscosgs) ydwmihs tthhee
rotation?®r atfe t(hreadelsect r oele.s kF werl tehcet rr,0 dreo t(aRRi DnE
were conducted at 1 600 rpmtoygiebdasi mndhel pe

numbrr a6 foll owing the equation:

(9
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€ 1
whelheepresents tlhree pdriesske nd sr rtehneN rreipmge seunt se nth,e
coll ection efficiency (0. 37) of t he RRDE i n
catalyticabiyeactctianwebEedNbtained according to

00

“YO 'O —
1 o6 0 %0

wheXies the kinetic “cMNisenhhedehsctyoacAncamber p
Yeel S t he active FEdcontkealtcadNancgdstahg sAgopgadr o

(6.02°F , xMyliak t he mass per mdle of Fe (55.845 g

CharacterXrzayi and.fractometer ( XRD) anal ysis
di ffractometer (Rigaku, Japan)Urvadrikdaed et 50@UI k'
A) idanamu2 ar range of 5-80°. Scanning elusdthigon
a JBMOOF microscope (JEOL, Japan) at an accel
mi croscope (TEM) i magef21WeFeTiditBaOM | @2 ¢6 ® 3 c @ap &
Jap®&8munauer —Emmett Welé ecan BIEAG i BB®R IO giarsg aal s o
anal yzefMiatr dmeKi ti cs |IBhmsdudgye et sai@wes pXd$ A met
mapping was conducted on an Oxford |1 E250 (Oxf
i nfrared (FTI R) wterraen smeictotradrecde ussgenggt raa Ni col et
Co. , USA) I R spectrometmass| ageCh@maktiampasy sl
accomplished using a Thermo | CAP6300 equi pmen
t heilngadnass -roafy FpehPoct.oed ectron spectroscopy ( XI
250 Xi spectrometer (VG ®ecriaeyntriadicatdoon (UK4)S8 6w
phot oemi ssion spectroscopy (UPS)n nkeSaCsAu rLeAnBe n2 5si

spectrometer with He | resonance | ines (21. 2
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5

were recorded on a LamEdmeB5| specitdime mes s PR
spectra were obtai-666 rwumemg dOxOnfdrdnb®Bad umer
source in a rhodium matrix at room temperatur
values of G¥pmer eshift QUBHrum@mmlde replaitt tvienogar
Te mp e rdaetpudreen t magnetic susceptibility plots we
10 to 300 K with a physical property measur e
El ectron spin resonance (ESRSJRGPELt2r 6 Bmerkye) ,r e

spectrometer at 300 K.
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Figurac)SISEM i mages#gl gf:hRp,andgt FgEFcTiTiespectively.

bar s emre 1
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oTheéeePcaArme (mar ana@r d 05 nm (&

I ma g€«

Fi gureb)S2TEM
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Fi gurEeDS5mappi ngiCiTpmlalgee ss wdalemibar 1 s 1
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Tabl 6 C®IS. results of prgCglt.i ne FePc and FePc/ Ti

Fel/ wt . % Ti [/ wt . %
FePc 9.17 =+ 0. -
FePglTTi 4. 09 + 0. 29. 94 + 0.
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Tabl €o%d.ari son of

catalysts reported in

t he |

ORR persC,okamdneséeabeiNaCtenhhEeR

teratures.

J/ mA “cm

Ref erence

El ectroc Egnse Ei/»
3.0

FePgGTJi 0.9 0. 8¢
15.5
6 .alt

Fd SAs/ C 0.9 0. 9¢(
37.8
2.1

pPCNT@Fe@ 0. 9 0. 8"
9.7
1.6

FeN-CNFOPC 0. 9 0. 8¢
2.5
1. 9

Fe/ SNC 0.9 0. 8!
9.6
FePhenoM 1.9

1.0 0. 8¢
Ar NH 8. 3
( DFTP-PIF 13. 3

1.1 0. 9:
CNTs 35. 8
5.2

Fe @Ee NC 0.9 0. 8¢
17. 3
1.5

S,-Ne/ X/NO 0.9 0. 8!
5. 4
1.3

FeN-CNFs 0.9 0. 8!
6. 4
1.7

FeNMCSs 1.0 0. 8¢
6.9
0.56

FeN/-B0O0 0.9 0. 8:
2.4

at
at

0.9
Angew.

Adv.

Adv.

.a9t Vv
Angew.

Nat .

Angew.

J . Am.

Angew.

Angew.

Adv.

J. Am.
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Thi s

Matrtezro9,

wor k

Ch e2nd. 1,7 5l6n[t21¢

(136 0 ¢

marees !*l607

Che2nd. 1,7 516kt .

cammee. %734

Ch e2nd. 1,4 513n[t" 1

C2hOeln6. 1 3584, %! . 2

Che2nd. 1,7 5l6n,t %1

Ch e2nd. 1,5 5l 4nt* %¢

mareps 794

C2hOeln®. 1 3S76,t2]5



Fe28C 0.9 0.8" ' Angew. CHeé2®. 18 5 7n/t!?

FePPyCNTs 0.9 0. 91 ' Nat. cammaed, 507
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Tabl €o®.ari son

di fferent

substrates

of

reported in t

he | ite

El ectroc(BEnse E1/2

J/ mA Zcr

Ref erence

FePaglTfi O.

FePeyCNT<O.

gFePc O.
PdePc-/ N
0.
GCB
Fe FCq -

3.0 at
9°0. 89 Thi s wor k
15.5 at
9.8 at
9¢0. 91 Nat. camman. 44!
28.6 at
4. 2 at
9°0. 88 ACS Caamn3, 351 1
10. 4 at
5 at 0
970. 9 Nano EnOelr7g,y '3'4]
36 at
0.83 - J. Electraasazl| . ¢

Tabl eF8M.ssbauer

par ameters
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from the fitting of the experimental spectra. The isomer shift is gesusthat ofo-Fe.

Sampl Compon A/ % Ud,mm' s AEy mm Assi gnme
Singl 25. 0.04 - >F e

FePc D1 - - - Hi estpi n Fe
D2 7 4. 0.239 2.67: 1 nter medinait
Singl 10 0 - o>F e

Fe P glGTY D1 47 0. 245 0. 48: Hi estpi n Fe
D2 42 . 0.189 2. 72 1 nt er mepdinat
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