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Abstract

With the rapid growth of global energy demand, hydrogen energy as a clean and efficient energy
carrier, its importance has become increasingly prominent. Water splitting is an ideal method for
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hydrogen production, and the key to improve its efficiency is to optimize two core reactions: Oxy-
gen evolution (OER) and hydrogen evolution (HER). However, due to its complex four-electron
transfer process and slow kinetic characteristics, OER has become a key bottleneck limiting the ef-
ficiency of electrolytic water technology. In order to further study the reaction mechanism of OER,
a series of OER catalysts based on zeolite imidazolate framework (ZIF) were prepared by loading
cobalt porphyrin on ZIF material with the advantage of ZIF. Electrochemical tests show that cobalt
porphyrin@Ni/Co-ZIF material has good oxygen evolution performance with overpotential of 345
mV at 10mA cm-2 current density and Tafel slope of 95 mV dec-1, and good stability under alkaline
conditions.
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1. 5|

AR R IK B AL AR AR — PP 5 A 2 A Pl vl A BRI 1 4, L OCBETE T JF R e 1 B 1Y) L f
TEF[L] [2]. MEA R T B SSBEAE TR AL BT 48 S B (OER) AT &L B (HER) X 1 MZ 0y K b . OER HF
HE MY BTSRRI 150, o T BRI F AR K B AR 5T OGBS [3]. Si )
AL (B, FAER) B TR B b I BE 4] [5]. 1 T A i B AN B, LA SRR N PR oK
FUBHE 23 7 E R ST s ROX — Bk, JEORHER I 2 454t T I S R AR i KR
fRI R AFE B2 B T T IZ O8] [7]

AR TG B SRR ARHZIF)E A —Fh 2L i i k), B s idee . A2 e e M AR mT 1 1)
KIMAE[8] [9] X UERFMEALTF ZIF PORITEAE Jy B K AL TRIRT , BB HE ALK S 87 i THI ARS8 1) R L FR R
T S5 25 B o AR AR P 2R R R RS R 1 [10] [11]0 @ kA — 28 Bt A e RE AL &4, R
HL 70 AT AN C AT 25 K6 A5 459 L AE F AL K o R e e B HE R % 70 [12]. &)@ nbmks ZIF 4G, £
FIF & @ bk i S AL RE I AR, A5 B ZIF AR SE MR 35, 5 Bh T S Bl Ak 77 ) v 3% 1 A s A
SEVE . IXF R A PPRE A K A I FE R, REREHE ST SR N, OER MUK, BRIl i, MiMife
K AR . SRR ZIF 4 & Hl S R AR W B M RIS R T 2R A
AT DA 4% AT s AT PR RS R R 1 BB IR @ZIF B A ATRE, A LK B I A B R A T A
P&

FEARWICF, FATUL ZIF MRS, S HnM k4] 58 4E Co-ZIF A1 Ni/Co-ZIF F. Hfb2EMits
W, EinWR@NI/Co-ZIF AP RIEBRIE 2 1F A B i A is M S R .

2. SCLRERSY
2.1. EERF

ANKE R (o iral, Ll WM AEREE IR AR, 7K HERR(IHTal, [ 254 314 226l
AIRAT]), 2-FEEBKIE BT, Rl AR A IR AR), DUEEEANRES (T2l ZBPETHRHS
AIR2AT]), Nafion 117 L5 M IR R (I HT4l, B WMARHECA R 7)) Z S (o bral, Tapkt
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FRAR A BRA )
2.2. Co-ZIF Y& RE

Fo HESCHR 77 1E[13], 44 2.91 g Co(NOs)2-6H,0 ¥ #1100 mL HEE, Kt 3.82 g 2-H JE KM f# T 100 mL
HlE. SRE, B DIRPIMIERIRS, Bidk 1 0eh, =R FHE 24 /M. 5, BEEolEg e
P, F R EEE YRR, JEAE 60°C R 12 h.

2.3. Ni/Co-ZIF BI& Rk

# 0.58 g Ni(NOs)2:6H20 F1 0.29 g Co(NO3)2-6H.0 ¥ i# T 60 ml I, #4 1.97 g 2- F ZEBKME T~ 20 ml
HEE. A5, ¥ BIRPFERGRS, BiEE 0.5 /NS, B2, BB & IR TIE S N HCE 24 /NF. TESR
MFHe2 J5, W NilCo-ZIF.

2.4. $EAME@NI/Co-ZIF BIE R

4 10 mg E5nRIBR. 50 mg Ni/Co-ZIF 43 H(7E 30 mL HEEF, fn#kE 60° C, FRIEHLHE T VR 3 /N o
IR R TR UTUE B L, B BE R EIR, 1 4E 60°C T8 12 he

2.5. MRV

% FH S E Bruker D8 Advance R 411 %1147 XRD MK, $EA424 Cu Ka (A= 0.15045 nm), KN 0.02°,
| H 18 [ ZEISS Ge mini SEM 300 &5 5515 2] SEM K&, M sEE A 5 kV.

2.6. LM RIS

SR FH B 1) = H AR A RAE BRI 25 1F TR DR A BT SR B R AT U, 56 A e A 2 A el IR AR )
CHI 660D %Y, DL Ag/AgCIl (M1 KCI)Z LB, B Joxt sitl, 3k iik(GCE, EAE 3 mm)Ay LIEH
Weo HLMN 1 M KOH ¥ 5 2 mg 4L 7K K, 2 mg B5# A 10 pL Nafion 3578 (5 wt %) 7 BU7E 0.5 mL
(250 UL LFE, 250 pL 7K), HEEAE 30 min JEEGH AR . SR/ 10 pb SR 7E GCE K, fE=R T
Tp o R PEFA IR 2R (LSV) I HE % N 5.0 mV s72, iR 42 95% . FII T A 2 Evs ree = Evs HgHgel + 0.242
V + 0.059 pH ¥ Ag/AgCI AR AFEVE ) HL 34 (vs. Ag/IAQCI) 44k oy DL AT 30 A H B A JE HE 1 L 3 (vs. RHE) .
£ 1 M KOH HLfiH, LA 0.01~10° Hz S 7E 47 7] 1) = M il EIE 7 A 2= BRP0E (EIS) Bds . @ik it
AL A XUZ LS (Ca) R T AL 22 R TH FU(ECSA), it CV R TE 1.07~1.17 V vs. RHE HLAL7E I A
XA A 2 R B AL U2 A AT VPl o Ca TF R AN Ca = 1oy, b 1o R ARIE 7 28 %
fE, v R,

3. B{R5WL
3.1 MREMERRAE

WG AR FEAMEREAT T XRD By ARATEINR, R 1R, sLEMAEH Co-ZIF 75 20 A
7.36° 13.81°. 17.99°. 1 26.63°4bH W RIIATHIE, SHT AR TAEMVIA[14] [15]. Ni/Co-ZIF gk nhuk
@Ni/Co-ZIF fiT iR, o i BERUT, B&H Co-ZIF FIFHENE. Eintk@Ni/Co-ZIF £ 1) XRD
Tl L R B A L) 1 B B A IR AT R U, X PT RESE B BRI P R B O TR FURE L TSR AN
ghift, BATEXTFESH AT T SEM M, Wi 1(b)~(d)ffiz~. Co-ZIF Fil Ni/Co-ZIF fh Ay I HORZE R,
REE AN, B AN EE M IR@NI/Co-ZIF AR R2IER S5, (HRRIBONHLRS, RS
FE 5 BN IRAT Ni/Co-ZIF IhE 4.
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Figure 1. (a) XRD pattern of Co-ZIF, Ni/Co-ZIF and Co porphyrin@Ni/Co-ZIF; SEM images of Co-ZIF (b), Ni/Co-ZIF (c)
and Co porphyrin@Ni/Co-ZIF (d)
1. (a) Co-ZIF, Ni/Co-ZIF Fn§#AM#@Ni/Co-ZIF B XRD [&; Co-ZIF (b), Ni/Co-ZIF (c) FafhAMHK@NI/Co-ZIF (d) &Y
SEM

3.2. BLEMR

K Z AR AR R T #5IE@Ni/Co-ZIF FERR: 2% 4 T 1) OER 1B, 7EAH [F 244, Mk T Co-ZIF
FTNi/Co-ZIF I REME XS IR, 5 5Ranls] 2 fivR. [ 2(a) & =AM 73 I7E 0.5 M KOH H AR il 15 1
LSV HiZk, ¥ 10 mV 2, SEEG R S M 2635 3E AT 7 AMERHE . H 1] 2(a) T %1, 5 Co-ZIF 1 Ni/Co-ZIF
FHEE, HinbIR@NIi/Co-ZIF Hid iAL 2R 2 . X R A BB bk fE OER MERES 2132 T, ] 2(b)
& =M 734 10 mA em ™2 F1150 mA em 2 abid B A7 AR B, e Co-ZIF i Ni/Co-ZIF £ 10 mA cm ™2
VAL 5 T (R B A 447 A1 401 mV, T &ERMMR@NIi/Co-ZIF 7E 10 mA cm 2 HL i 5 B T 5 s Ay 345
mV, FEET R IrOz EAGFFI(310 mV) [16]. Bl FLIL FEHS K 2] 50 mA cm™2, Einbik@Ni/Co-ZIF 1)
IR B2 3K, (HASR /N T Co-ZIF Al Ni/Co-ZIF [t B f o

AT R Tafel HHZERE4T T 404, FRIEAG OER 2N 1124 2(c)). BIExF LSV mhZk sk
PEX [RIE ], 45 205 ALK loglj| iy s B, A3 2100 RI 2 ED Y Tafel #12, &5 OER 3) 715 FIpLEE
HR. Hr, Tafel #EH/N, R BEFEEEBI17]. HE 2(c)rT %1, HirF@Ni/Co-ZIF ¥ Tafel
FHRA 95 mV dect, iAK T Ni/Co-ZIF (126mV dec )l Co-ZIF (106 mV dec ), iX K& N @Ni/Co-ZIF
A RAE LR R AP OER RN 1% . FATEFAT T EIS MAK, 7543 1 H 3 it S AH B 1)
Nyquist [k, M FLETA PR s i R el 2 (14 2(d)). el 2(d)mT %, &hnbik@Ni/Co-ZIF [ B
B/ T NilCo-ZIF F1 Co-ZIF, Ui BH HLfar B Bl BB, B PRI [ g 1) 5. tbah, it R E
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ZiHHE Ry BN @NI/Co-ZIF B RN 679.2 Q, KT HAbSI Rl . 3XAESE T EME AL I FE th AL 7 Rl g
JES 22 8] () HL A 5 % LR LU SIS, (454 Tk @Ni/Co-ZIF A7) E A B =i 16 OER J5 1%, iX 5 Tafel &} Z A
3o H A 45 AT 3 SRR O

a) 100 b)
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Figure 2. (a) Polarization curves of Co-ZIF, Ni/Co-ZIF and Co porphyrin@Ni/Co-ZIF; (b) Overpotential at 10 and 50 mA
cm?; (c) Tafel graph; (d) Nyquist plots

2. Co-ZIF, Ni/Co-ZIF Fi$AMNH@NI/Co-ZIF BRI ERZk(); 7E 10 #0150 mA cm2 &AId R AL(b); Tafel #IZ&E (c)
F1 Nyquist #£%(d)

3(a)~ &l 3(b)AIE 3(c)% 42 Co-ZIF. Ni/Co-ZIF Fl4k ANk @Ni/Co-ZIF HITEIMA 2 th £k &, F33k
B 10 mV s K E 60 mV st ARAEIEIAR 2 M 2 oh BRI XU Z B2 [18], 4] 3(d) =X R Ca .
H %0, Co-ZIF. Ni/Co-ZIF Fl4hnkmk@Ni/Co-ZIF ) Ca{E4r %14 2.6 mF cm™2, 4.2 mF cm2 fll 4.4 mF
cm 2. BT, Hinb@NIi/Co-ZIF ) Cafif K, RUNZA R AT B & i Bl 2% P AR [19], XAl Rg
& THb S Ni/Co-ZIF Z [MAELEVEIMER, A RCE K T Big AR soh, 7E 50 mV st B2
N, FATKHEE R R@Ni/Co-ZIF #1EHEAT T 1000 FE 1) CV FEIF SRR AR 2 M. anl&] 3(e) iR, 13 1000
Wl 5, LSV HIZARAL T 49 50 mV, KA B A B RS E 1E[20]. v 1 3 — B RAEEE -k @Ni/Co-ZIF
AR, BATICNAR T AN 345 mV b e ih 2k, 45 R 3(HFR, W% ELR
AfaT e, FIEZM B RIFFRE M.
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Figure 3. (a)~(c) CV curves in non-faradic region of Co-ZIF, Ni/Co-ZIF and Co porphyrin@Ni/Co-ZIF; (d) Relationship
between current density and scan rate; (€) LSV diagram before and after CV cycles of Co porphyrin@Ni/Co-ZIF; (f) i-t
curve of Co porphyrin@Ni/Co-ZIF

3. (a)~(c) NEFIHHEZET Co-ZIF, Ni/Co-ZIF FEEAMK@NI/Co-ZIF IEER B XA CV BiZk; (d) BRZBESHE
I ERE; (e) CV BIAIEREEANK@NI/Co-ZIF B LSV Hhzk; (f) $hANH@NI/Co-ZIF AY i-t Hhsk

4, &5ig

AR SC LA AT WK T B SR S R RE BRI, I H il I bk 67 28 AE A B R T T J el ik @Ni/Co-ZIF fiEAE,
kb BN BRI 45 28 A A5Z AR B AL 5 PRI T Ni/Co-ZIF I Co-ZIF 46T . k24t 3%
EinMk@Ni/Co-ZIF fERRPE 6 1F T R A BT 1) OER fEALIERE, 7E 10 mA cm 2 HLJR %5 5 T (13 HLA Ay 345
mV, LT r0, L7310 mV), Tafel #1258 95 mV dec™t, HiZd kL EA Bdr i s ik R e vk
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