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A JUFE RS & TS IEaE (TM) se R K A RE R RIREC A1), AR5 LU &0 & s A0 N IR, 1A
TR TIAL BT S R 2R, R AE B il & 1L I i/ RAB Ak A1 S8 AL5H) TM-N-C-t (TM =Co, Ni, Cu; =200, 400,
600, 800,1 000 °C). LASLHEAHI MM & T Bttt I FAEFRMA %k (CV) RS [ i (RDE) R4
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)& Co. Ni F1 Cu BTS2 AN A1 HE (Y AL BE ) 75
T TM-N-C-t 4k 7], %A TG-DTA, FT-IR, XRD,
XPS PR HL AR 7 100 HLA5 A5 AT ORR PERESL 1 4L
RGRIWTTE. B 7S AL TR] B AR T 1R 62 Y
AR JFI S JE S B AL

1 SLIRERSY

L1 548

FCRBE(CS) , BOWEE>90% , KREER K
A KR, AR, HE BE 2GR A A SRR
AH]; Mn(OAc), - 4H,0, AR, BUHREK & 1L i)
WEERT; s, 4ifE>99.99% , RHOGE K 41k L
W5 s A /A, N, =99.999% 5 ROK O
(PS), #HX}4rTF320 30 000, Alfa Aesar; PUS WEME
(THF), AR, KEFHE R EIRG0 T & 0.

TENSOR27 RU A7 M AL He 2158635 1L, BRUK-
ER: XRD 3% LabX-XRD-6000( H 7 % Ht ) 7 X 4t
LATHHAL, Cu Ko, B HE 40 kV, EHLJE 50 mA,
FIHYER 20 = 10° ~90°, 44 8°/min, LK
0.01°; XPS 3% Jfl % ¥ Kratos 25 7y AXIS ULTRA
DLD Bt L FREIE X, F a4k Al Ko, 437 X3
700%300 pm, X LR TAETAEH 300 w(NJTHR) |
150 w(H'EICR) . fEFR 2250 H] CHI600B Hifk
ARG ( B RAE) M, SRITSEE PAR A vy
VMP I fEH# 34X ( B : VMP3 multi potentiostat ( Prin-
ceton Applied Research) ) JE47 Jig % 15 2 A Al AR 22 52
By, EsE IR SR EAR A S mm.

1.2 EAFR &

b 4 B ST TR IR A A% PRI L g
FERME(CS) 5 3 mL 7K A Sy Ji s 8 €0 1 7K A I
SERBHIE RO (CS-Sal) 5 SR JEKE A k10 5 2K Bl
CS-Schiff-base % N JR + 54 @ & F TM (TM = Co,
Ni, Cu) EEIRECA 1+ 4 SEATHSE RN &3k i 4
& e NE KA T TS L 5 4) ( TM-CS-Sal ) .

L EAL R 45 A 1 4R LA TV
CS-Sal gk TIGLImalif & b, TErEEAAE X
g L N AL BE 2 h, A5 B — R 5 AL )
TM-N-C-t(TM=Co, Ni, Cu; t=200, 400, 600, 800,
1 000 C).

1.3 EihEB e & &

P AR (D3 ) B TR TR A Wi R A 174 1 4 5
FLR AR BB 2w i B oS 4R 18 2 1846
B, icfE: TM-N-C-t (¢ =200, 400, 600, 800,

1000)/GCE. {FHyx Ho 55 T {5 Mt i bt
(Bare/GCE ) FILLH [ ) 7 1 01 40 77 S 445
% (C/GCE).
1.4 B LR

{2 il AL S B 4R 3 B BRIR R : B 1
AR R LR H R A 5 X HLBR O 213 4 LA T
P 5 31 o 65 6 i A ( TM-N-Ct/GCE) | 44 B
M L% ( C/GCE ) 1) B BRI % i i ( Bare/GCE) .
HUARAE M 0. 1 mol/L 15 NaOH 73 (R 2 YK
), H A A R AR SR 15 min A
H B4 I R 8 4, T S B 7R R T (25
1) CiAT.

2 RS

2.1 TM-N-C-t {&iF BRI EE R EIN K

DL 1000 °C #h4b 38175 21 1 B 34 4L 751 Co-N-C-
1000 A, #F5% T TM-N-C-t &M 3% i AR AE 0. 1
mol/L () NaOH ¥ s e PEF B BIME. B 1 &
Co-N-C-1000/GCE & i R fE N, ( i<k a, b) A
0,(MZk e, )MATFREGES 1 WidR (L) 1
L 100 WAFIMR L S50 5 PRI sk (EZR) 1 CV
k. WEI1 F i, Tie2fE N, /& 0, ilFT,
25100 WHHE M CV ik (b fl d, BZ) 5551
WAL SR I (afile, S 2k) HAY 5 5 Ui 1]

450

300

150

I/ pA

-150

=300 [

1 1 1 1 1
0.0 -0.2 -0.4 -0.6 -0.8 -1.0
Potential/V(vs SCE)

K 1 Co-N-C-1000/GCE 43 5I7E N, f O, 1A R 1 1K
(a Al ¢) 555 100 Y (b Fl d) fEFMRZAAHIC A CV Lk,
FIHEH#EFE: 50 mV - 57"

Fig. 1 CVs of Co-N-C-1000/GCE in 0. 1 mol/L. NaOH solution
(a) initial N,-saturated, (b) again N,-saturated
after 100 circles scanning and (c¢) initial O,-saturated,
(d) again O,-saturated after 500 circles scanning with

scan rate of 50 mV -+ s,
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FWE . SRR BB A AT SRR A ] 5 b AL S e 555

FRATH £ 0 TM-N-C-t 8 45 B B 7 L S5 25 A T B

A B B AR E

2.2 TM-N-C-t (IR ZF1T A TR WL ORR F 1%
P2 & 1000 °CHusb B Y 44 77 TM-N-C-1000

AR | i PR AL FHL £ 5 168 T R A IR AR 2531

7E N, F1 O, AR 0. 1 mol/L i) NaOH ¥ H 6

AR AT . N2 F i, Co-N-C-1000 & iffi L 1

800

600

400

=200
-400
| |
0.0 -0.4 -0.8
Potential/V(vs SCE)

& 2 TM-N-C-1000/GCE 5 1 & Hidi# (C/GCE) F1
HRHLK (bare/ GCE) [y CV AT HLE, FHliE % 50 mV - 7'
Fig. 2 CVs of bare/GCE (a), C/GCE (b), Co-N-C-1000/GCE
(¢), Ni-N-C-1000/GCE (d), Cu-N-C-1000/GCE (e) in
0, -saturated and N, -saturated of Co-N-C-1000/GCE
(f) in 0. 1mol/L NaOH solution. Scan rate: 50 mV - s™'.

76N, HUFTTR (F) ¥ B i AL St , T Ak
7 Co-N-C-1000 7EIL 515 F oAb 2pk dka e s
fiii Co-N-C-1000 & i i /E O, A1 F (¢) fE E,. =
~0.294 VHL {37 b BL T 2 B 10 3A R I | T 9 A AR

1.2

N AR AU LR B, RBILHE T AR Y F i A S R
fiE. 5 O, 7ERRHE (&l 2a, E,,=-0.560 V) F1Zlify
S (B 2b, E, = -0.423 V) |1k J5 g L v AH
., 0, £ Co-N-C-1000/GCE (¢ ) I [ i J5 U4 B, {37
(=0.294 V)43 RIIER T 266 Fl 129 mV, WEH
KlE . i H, O, E Co-N-C-1000/GCE L1 CV
T2 10 e H YA T S e ) i SR AR (b ) AR AR
(a). ULHIEALF] Co-N-C-1000 f& 4 Ho A% - Y HL 25
B @34 K B ORR A P R figfkid P, Cu-N-C-
1000 (e ) Fll Ni-N-C-1000 ( d ) & #fi H3 4% . 7 51 7E
-0.316 V F1-0.355 V 4b B0 T &SR G, [
FRIBE i A I 55 H B 7 400 i e RS 23 il LE S T
244 107 mV F1205 . 68 mV, {ifH 2 TM-N-C-t {8
AT ZRIE T X S S S g R A A T Pk

2.3 TM-N-C-t f£4¢ ORR Hyzh H1%

J T HE sG] Co-N-C FEFRPEIR R B dl i
FERIBH 127470, AN [a] FAkh B 32 1) 45 1) 2R 5]
£651) Co-N-C-t 7£ 20 ~ 100 mV - s~ $94 w2
HATIEIAR Z 4 (DL 3) . B 3 (A) 2
Co-N-C-800 7EA [A] 49 3 & T i fk ORR 1y CV i
& MEI3(A)FEH, O, fEML K i CV ik H
A EPA R, JoAA A B, T HL R
WK, e FIER AL E, 8, W i, M2
K. BRI, AAETEIE MR A ORR J&—1~
ARl R e A R BT i A5 i 4 AR 7] Co-
N-C-1( =200, 400, 600, 1 000) 145 25l 0y 14 ot
(no showed). & 3(B, C)733lk O, 1E 484 &5
AL Co-N-C-t (¢ =200, 400, 600, 800, 1 000)/
GCE ik Jsugr iy £, FgEr R i, SHERHEEZ

A B

B e 400°C v 800°C

< 1000 °C o gggzg
v

L < 0.20 - 1000 °C

L \ E 0.15

- \U

i)

\ 0.05

| C = 200°C
= 200°C 4 600°C 0.25 . 400°C <

0.0 -02 -04 -0.6 -08 -1.0 _40 -3.6 32

Potential/V(vs SCE)

Inv/(v.s™")

0‘00 1 1 1 1 1 |
0.00 0.05 0.10 0.15 0.20 0.25 0.30
\Y4 llll(vlsfl ) 172

-2.8 -2.4

E3(A) 0, 7E Co-N-C-800/GCE I 0. 1mol/L NaOH ¥ h A [ #i 3 2 (a ~ e: 20, 40, 60, 80, 100 mV - s~ ) i CV [&;
(B) E, -Inv; (C) ip‘,—vl/2
Fig.3(A) CVs of O,-saturared Co-N-C-800/GCE in 0. 1 mol/L NaOH solution with scan rates a ~e: 20, 40, 60, 80, 100 mV - s™".

(B) E,.-lnv Plots for Co-N-C-800 obtained from peak potentials in (A); (C) ip(_—vl/z Plots for Co-N-C-800

obtained from peak currents in (A).
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[ B, ~Io Fli, ~0'? CREL WBFEW, E, ~
Inw fil i, ~o'” BRI RIFRLRMEOC R, BEUIEAfE
3] Co-N-Ct I O, i Jad B2 I p § AP il ). 9
AA Y B A R e, A AR

F2)anF
__RT
E, = San F Inp +A (1)

an F

i = 0. 4958nFAcO(R—“T) 12 -9 D12 (2)

Holv, o WHIMALEREL, n, Sy BRI %
BT, n MRS TR, A NHEIRE R, C,
Shy i L I K 5 T P AR A R AR (1. 25 %10
mol/em™ ) 5 Dy KBS AR KT P IO BCR B
(2.1x107 em®/s) . HRIBAR (1) K an,, ; A5
an, fHICAZAI (2) 5 A SHE Co-N-C-t/GCE (1=
200, 400, 600, 800, 1 000) | & 4=k J& [ W 5 #11
BT H n (L, 7 1.

F 1 47 TM-N-C-t(TM=Co, Ni, Cu; t=200, 400, 600, 800, 1 000) {4 ORR KJiXFIEFE (L E, BB TFH n
Table 1 Oxygen reduction peak potential Epc and transferred electron numbers for ORR on TM-N-C-t/GCE

E, n
Temperature/C
Co-N-C-¢ Cu-N-C-t Ni-N-C-t Co-N-C-¢ Cu-N-C-¢ Ni-N-C-¢
200 -0.502 - -0.441 1.94 - 1.40
400 -0.355 -0.377 —-0.422 2.50 2.98 2.33
600 -0.401 -0.376 -0.397 2.20 3.27 3.93
800 -0.297 -0.374 -0.383 3.44 3.72 3.96
1000 -0.294 -0.316 -0.355 4.03 4.02 3.99

2.4 AAIBBEEMAEEEIT ORR 3 12K #0E
M3 (B) FIE 3(C)F Y, HAE IR EE 1) I
XS] Co-N-C &M FL A I 1 3148 J5E L 3 A1
R JF LA 2 FORAS T . B R R
AR T 3 M4 R YA TM-N-C-t {1k
ORR ik J g HL (37 K, {H 1 ORR %84 i 5 14K
n, —JFFI TR 1 H. P\ TM-N-C-r fiifk ORR [y
N E, B, WA AR E TR, 3 Fi )
Co-N-C, Ni-N-C, Cu-N-C B9 & b J7 0% 1 %% - 7E
1000 °C#AbHRE BE T (138 B e v A7 3K B B i, 40
WIR-0.294, -0.355 fI-0.316 V. JRED, 3 Fi 4@
FEAEALFIIILL 1000 C ) $A 4 P B 16 PR .
BRI, e R AL FA ) T B s AR 6T ORR Y
A TE M. R, YRR 4 Jm 5L n A I
Pk Co-N-C iy fiAbifi Vs ; IR LA Co >Cu >Ni (il
FPREAR. AT UL, o U 4 JE 0 AR o e s 2 AR R
TM-N-C-t [AEARTE . BN, M 3 FPAS ) fi AL 75 4
L ORR % 1) Bl F4 n F i, EMET, W
200, 400 °C, 3 Fli4: )@ SLAEAL X ORR (Y4645 HL 1
BOE T 2e, RIFZLDL 2 RNEE N, O, #id
G SE AR TERIE T, 41800 F11 000 °C, ORR
PR T REIT 4e, L) 4e 2 A E, B O, #

WK, B R A T ORR [ 4e 7810 F2.
25 PR, AU e ) e o R A A PR R R e
A7) TM-N-C-t A AT PR AL ) SC SR =

R T 25 s AR ARG U H B R T AU i
NEB) AT, SR P RS 18 8 H il ( RDE ) R 22 3 %f
IR RREC AT AL Co-N-C-1000 #473) J7#4K
BF B 4(A) SRR B B AR ZE S 20 10 mV
s™" FIELR B #E 200 ~ 1600 rpm {15 [ P A 2 1 A
et k. e BT il 484k 57 Co-N-C-1000 Xof 48 ik
JE it FERHEALAE T, SR Koutechky-Levich(K-L) J7
P4 B AU S SN TE A A SRR T B 5%
AL HK-LI7RT .

r_r r_1 1 (3)

J Jx J, Jx Be"”

B =0.62nFC,D; 9" J = nFkC,

Hodps J 0T AT o3l 2 I R L B
SR AN O PR AL B B 5w, n BB
IR (0=2 nN, N ZELRHE ) fE W P55
B F R H 896485 C mol ™) 5 €, A
AAE (1.2%107 mol - em ™) 5 D, A MY
BEB(1.9%107 em® - s 9 £ 0. 1M NaOH
WSR3 12 1 (0. 01 em® -+ 57121
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Electron transfer number/n

Potential/V(vs SCE)

-0.6 -05 -04 -03 -02 -0.1 0.08 0.12
w—I/Z/(rad S—l)—l/Z

=

0.16 0.20 -0.40  -045  -0.50  -0.55
Potential/V(vs SCE)

Kl 4(A) ORR fEfiEfL] Co-N-C-1000 |yt fbiZk; (B) ORR fEfEALH Co-N-C-1000 -y K-L [&];
(C) IR HALT B L TR 2
Fig. 4 (A) ORR linear polarization curves of Co-N-C-1000 at different rotation rates in O, saturated 0. 1 mol/L. NaOH at

scan rate o mV s . - L plots o reduction on Co-N-C- ; ectrons transfer number o
f 10 mV s™'. (B) K - L plots of O, reducti Co-N-C-1000; (C) El f ber of
ORR at different potentials on Co-N-C-1000 catalyst

MORTF LA F e bE L & & (& 4 B) B i,
5 o BRI R H A AT, W
A MR A R L. AN R HL A T i P
B (n)7E3.61 ~3.98 JulEN, WK 4 C. kAl 1L
FATERE 1 5 AR AR 2 i s 25 5 5 R PG IR R ek
L RIEEARW) £
2.5 Co-N-C-t B4 FIRYIEN#7F0 FTIR/XRD R1E

R I IR A AR, e TR T o]
AL TM-N-C A 347 e 16 v, i
H P 4e RS MR R ML S0 B RN 4 %
TS LA TR T A A I IR 2854 2 35 T LRI
PE X H ORR 3 12447 W7 % F b, X 16 77 i
T RRAE. B 5(A) e B TR K
B FI1E 5 W R S B B & 9 1 TG-DTA 4k, M
DTA HiZk A i, HBCA 9 (Co-CS-Sal ) Hfvlil i W 24
JIF TR (29330 °C) Lo B0H M L Jemdi ey, H.
O T B 8 RO e O S R TV s/, 16
HEGBCA D RE HE A RT P 0 5 ML A4 Co-CS-
Sal {4 R AR BE ( ~ 440 °C) Z) b6 7 M A I
1%, EBEA TR R /N, XA BH 5% BB K A7 1
JiE FHE S A B A TE A T R, T L4 TR A A
X e MK A Ay O ) FA i AL P 4 F L AL
TEH.

Bl 5(B) NANEL A P AL ) Co-N-Ct L) 2 il
AEFLAERE) FT-IR 3%, W1& 5B (a, b, c, d, e, f)
B, Bl FAA B T, AR T ) 2T A v
G —Ab, M HRSEHAFEE G E 1 631
em™ AbY C = N IR 3l 0 50 e T TR 51 800 °C

11000 °C (5B 1%k e 1 f ) W [P L0 1) % 50 2]
1625 em™", X AJAEJE N 7 IR N BB 2=k A
BEMEPIEN C =N#E, HNETFX 58
Co RAMALMH A FHLF =B PR30 C =
N WS IELTR%. Ak, 800 CHAKbHR Y fH Ak 5] Co-N-
C-800(e)7E1 113 em™ | 1 042 em™ AbHEL T Hi 11
MU, 21 EA Ak B 2 T 21 1000 °C i, AR
Co-N-C-1000 () {4y ith — Wi B i 3, B AR 0
T N—C 8P sl, XUiH] 800 °C K LA b iy & il 4
REFEATFTF N T3] A SRR S5

B 5(C) 2 0 ik B 47 38 F1 Co-N-C-r b 551 19
XRD E. MEHFEH, 200 F1400 CELFIA XRD
158 C/HNO, RS SR — 2, 1E 26.5°,
44.3°H154. 7° 4 3 DATHIE, A7 s2ERA (002) |
(101) F#1(004 ) 14 (41-1487). H 2 Co-N-C-200 . Co-
N-C-400 fyAi7 s w B Al S5 B AR T, X R KEE AR
S84 PR A0 4 AR Al TG 5 ) 0 3T A B R T 3k Y
YL BER B 3R F) 600 C L E I, 7E 26 =36. 7°
(s ) A0 Y BRI 1V 1% 02 Co,0,(311) (42-1467)
T g, AT, iR T A Co, 0, JE L. IhAk,
1000 °C Fhb 21 BT i 5 1 #4677 Co-N-C-1000
fE 26 = 51. 6° /b A — 55 1 A7 S e, B IH N
CoN (200) (41-0943) , 53CikigiE =™ —8. 5
Ab, FEUREIRE] 400 C KLU EEFA LT 44° 8977
S, X AL U8 N CoN I By (111) [ (41-
0943) . S I G U] A1 SR BR R SE R K A7 e
A R TC G WU e T PAKE B 2% 1T 1l ) A7)
A CoN HHIE i
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Co-CS-Sal _— -
o g [O5Sal- 46
E S
g ~ 3
: C; g
2T 14 £ 2
54 © g
Sol = Z
= cs g
42 =
2k
Co-CS-Sal
—4 =40 1
CS-Sal P
1 1 1 1 1 1 1 1 1 1 1 1
-100 0 100 200 300 400 500 600 700 800 900 3500 2800 2100 1400 700
Temperature/°C Wavenumbers/cm™
C &
. A Co-N-C-1000
f .
|
I . [ Co-N-C-800
5 S S
3
z B} | Co-N-C-600
1] "
=
2 JL Co-N-C-400
= A A.
,L Co-N-C-200
A
C/HNO,
20 30 40 50 60 70 8 9

10

0
20/°

KIS (A) SERME(CS) | STRMIE O (CS-Sal) FIAH L A4 ( Co-CS-Sal) 1y TG-DTA #fi£k; (B) FiA#) Co-CS-Sal |
T Sy B FEEAL T Co-N-C-r () FT-IR JGif; (C) AL A S Co-N-C-t #) XRD &
Fig. 5 (A) TG-DTA curves of CS, CS-Sal and Co-CS-Sal; (B) FT-IR Spectra of (a) Co-CS-Sal, (b)Co-N-C-200,
(¢)Co-N-C-400, (d)Co-N-C-600, (e)Co-N-C-800, (f)Co-N-C-1000, (g) C/HNO,; (C) XRD patterns of Co-N-C-t and C/HNO,

2.6 XPS o #7

K 6 H AL ] Co-N-C-1000 [y XPS ji£[&]. & 6
(a) BMEALTI XPS 224, MW EH, fE1LF] Co-
N-C-1000 f1 % Co, C, N, O 4 Fion R4, H& &
AR 1.32% . 93.42% . 1.36% #13.90% . W] I,
XE—Fp /& Co, NI O JTLERMIRM KL K 6
(b)J& Co 2p By XPS §i%, Bl B 1R SCHR[ 26 ] 4
iitB/‘J Co 2p3/2 i Co 2p1/2 EE%@LJEE/‘JW‘T/I\“I% é'é*ﬂ
AR R) 777,77, 779. 17, 780. 77, 794. 27 Fil
796.01 eV 25 A~ F 151786 K 803 eV {4~ T2
W, 7T 779.17 F1796.01 eV Z5AREAL K Co 2ps,
il Co 2p,,, FlEG T i ~7 eV (1 TR I (£ 786 FI
803 eV) S Al A ALY/, X5 XRD 45 —5%.
WAk, 777.77 eV WA A AR AT, 779. 17 (b5
Co,0, WEFJN) F1 780. 77 eV W53 514 J& F Co-C-N
Fl Co-NZ¥'L b T WL, fE7 SBAFAE TS, FE A K

DR C A WU o TR AL B R TR A i L A SO
I BT & R B BRATRE K16 (¢) g Co-N-C-
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Preparation and Electrocatalytic Activity of Transition
Metal/Nitrogen doped Carbon catalysts for
Oxygen Reduction Reaction

ZHANG Rong” , LIU Lu, MA Fei, ZHANG Jing, WANG Wen-yang, LI Rui-feng
(College of chemistry and chemical engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Non-noble transition metal and nitrogen doped carbon catalysts for oxygen reduction reaction ( ORR)
were recognized as one of the most promising to replace the traditional Pt-based catalyst with the high cost and scar-
city. Graphite-supported transition metal ( TM =Co, Ni Cu) complexes of chitosan-salicyiclaldehyde Schiff base
(TM-CS-Sal) were synthesized by a simple chemical method, then heat-treated at 200, 400, 600, 800 and 1 000
°C to optimize their activity for ORR. The effects of heat treatment temperature and the nature of metal on the elec-
trocatalytic properties of the resulting catalysts TM-N-C-¢(¢=200, 400, 600, 800, 1 000 °C) were surveyed using
cyclic voltammetry (CV). The catalysts TM-N-C-¢ all showed strong catalytic activity toward the ORR, but the Co-
based catalyst at heat temperature of 1 000 °C ( Co-N-C-1000) yielded the best ORR activity, which was close to
that of the commercial JM 20% Pt/C. Fourier Transform Infrared (FT-IR), X-ray diffraction (XRD) , X-ray pho-
toelectron spectroscopy ( XPS) , thermogravimetric and differential thermal analysis (TG-DTA) were used to char-
acterize these catalysts in terms of their structure and composition. The characterizing results combined with catalyt-
ic activities showed that Co-N-C potentially might be the main catalytic active sites of the best electrocatalyst Co-N-
C -1000 and responsible for the ORR catalytic activity in alkaline electrolyte. In addition, cyclic voltammetry also
was used to obtain the important kinetic parameters; overall ORR electron transfer number and electron transfer co-
efficiency. The overall electron transfer numbers for ORR catalyzed by the catalysts heat-treated at 800 and 1 000
C of Co-N-C-¢ (800, 1 000 C) were determined to be 3.44 and 4. 03, suggesting that the ORR catalyzed by Co-
N-C-z (800, 1 000 °C) was mixture of 2- and 4-electron transfer pathways, dominated by a 4-electron transfer
process. The results obtained from RDE voltammetry are consistent with those from cyclic voltammetry. Based on
these measurements, a mechanism of ORR occurring in Co-N-C-¢ (=800, 1 000 C ) /GC electrode is proposed to
facilitate further investigation.

Key words: transition metal and nitrogen doped graphite; electrocatalysis; oxygen reduction reaction; kinetics;

catalytic active sites



