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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. Electrolysis of water is an ideal meth-
od for hydrogen production, and the key to improve its efficiency is to optimize two core reactions:
oxygen evolution (OER) and hydrogen evolution (HER). At present, noble metals and their oxides
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(e.g., Pt, IrO2, and Ru0z) are widely used as high active electrocatalysts for accelerating the con-
version efficiency of the water electrolysis process. However, the scarcity and instability seriously
impede their large-scale application in practice. In the past years, metal-organic frameworks
(MOFs) have proven to be an ideal platform for designing efficient and cost-effective electrodes
due to their unique physicochemical properties. In this review, the fundamental catalytic mecha-
nisms of hydrogen evolution reaction (HER) and oxygen evolution reaction (OER) in acidic media
are discussed first. Then, the recent research advances of Ni-MOF-based electrocatalysts for HER
and OER in acidic electrolytes, along with current challenges and future opportunities, are pro-
vided.
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1. 5|

B A A BR R IR A AURN BRI 1) R ) H 2 D0, % v AR v R AR A3 B B2 1]-[3] . SLRBIHHE AR
I FEAE IR R A% G Ak A JBRRE Rk 8 B 51 FES 11 e U RN BR G Bk ik 5 TR DG E . E MR, @ sd A
FH HL R 7K 23 R T P A REVR I AL R T i A7 1 SRR AR e TR AL R B AR T 5. FEHRKE R, &
FEHT AU R (HER) AT 280 S BE(OER)IX /N2 [ B2, BARR (T S0 R e — A ML B (1) — L Fad #2[4] [5], 1
FHAR T SR SN BE R B %, W e 2 D i - TR TR R [6] [7]. T SGE /KIS SR 2218
B71%, FEliE OER, Bré&J@ibkiul) vz FVE AR MEALTR, Flangars] [91, A ALHK[10], FAkAT[11].
HR, mEATEPER B &8 A m &, KPR T AR T AE =R )2 N BR T AR R, e R
AL FE IR AR S BT, AR, WAMEZE . PSR R g Hms. Kk, JF
A A RS A IR AR B 4 A AR R U Bt 4 J A8 MK o B A 2 R AT AT I [12]-[14]

& JEH P H 22 (Metal-organic frameworks, MOF){E N—2r M L fLA KL, R EG R mAL. FLE
R A TR R AR ) SRR O A B AL S M T 52 B2 G [15] [16]. MOF M BHE tid I &8 1 il
A HUEBARELAT T A, XA AT LA R PR HUR FH 48 SR 7, 1 B R IR BE kIR . ks, &8
T R S5 AHAREC AL R 2 (B AH ELAE F 5 T35, X 24k MOF 78 85 R i Ak SR A 5 1« S B AN
i AME R SR o G i 2 AR A T e AN U B T3 T B K BRI AR R e A AssE 36 B T HESD G
REVE I e O BRI R I [17]. H 2016 4F B X HRIE#E # MOF 442K i T OER LK, J5ilh MOF (¥ 5 FH ™
JE B oA Nk R, BFEEEA RN, HER, FIEJE R M (ORR)FI CO2 i Jif 2 W [18]-[20]. B T JiE4f MOF
Ah, BFIEET MOF KIEGAHEL, FE BB MOF R A% 51 MOF, ) 2 IFk, LSRG EL
(O3S PR R BE R ) S L, AT $ 5 MOF 22 R (b 7RI Pk 2 PR R [21] . e A, 38 R SR G AT AR 1
MOF E:Z LGkt kl, AFEEARTEHESRM R SRBYPCKER%. SRAEY. BIET BT
CUBEIE B BB 20 B2 A A M RE [22]-[24]

BT AR, ARSCEEX S MOF MK 7l OER. HER LRI RE HUHEALFRIEAT T 253k .
REEFET MOF 17K o i AL S 7 s vt J, (B pOst 76 T 800 7 it ik R i R A R
I, FRAIA B I A I ZRIAR, hF MOF J& A0 7 T 7K 20 BRI 015 St B SRR DA S A K T s ) K
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KA — MR T .
2. AR R B B H AL A

PERN—Fhig, 4, BRIEIVE S ZIRBEIR A RE N AR 2 o Re i it ey RN H EaifAk . W
fie KA, 2IRERN 21, B4, BEAGHETr X, Fr, BgKE SR EA R R E, 5H
AR EEAEH, WORFHAE. KAE. AEVIRESE T FAERRIR IS &, 5043 H A 7K i) S 1) B A R B FEA T
AR, NERER S BR AL T AT BE[25] [26]. AR BT SR R (HER)FTRH A% B At U B (OER) P A F I
NIRRT K LR 1), S AR T RE N [27]:

2H,0=2H, +0,

%N AR T E AR AR A2 +237.2 kdimol, S MR AR T R BRI RS HLUE A 1.23 V [28] (vs. A A HEAR) .
SRS AL R IR AR AL, AR R IIREIA, I R R AL S BT T b 2 R B 26, T IR L PR RS 75 22
T 1.23 V R R A RO RS, X e o AR BELAS AT A M B AR 2 i B, T B AR, SRR
EFER R EFERR S, BB RCRMAR. & m Ui ), BRI Bhr, Sl AR, RRRA
SN AR TF B —

H2
o‘: O
@]
o. .
L ]
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Figure 1. Diagram of water electrolysis device
1. BRKEETREE

2.1 fTERNMHNE

e R AR, BB AT SN (HER), & #4 RN RN .

2H" +2e” =H, (BtE41H)
2H,0+2e =H, +20H" (Bl 41F)

RT3 3 B FHOE R, RS OS & TR, BRSNS R, BT
TS R LT - BT e i B E LA [29]-[31] SV H 32 22 Jl e SR 7 WY 5 5000 T R
AMEGP IR TE A o XA FERA TEPER), RIS U5 745 0 B IR 55 v M A7 s e B Ui PR ol
KA Volmer [ SUARXS PRHE, 5z 2 W B &35 5 55 L R i AR DU B 7= W PRI A, [RDRE BRI A 25 S L ) ERE o
Pt AU BRAEL ) HER PR 70 17 122 ) BN R A R 467 10 R S R 1
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2.2. FrERMHE

SHrER AR, R RAE AN TR I RN, S ML R A%, RN AL 3l g
HLed, FrLlitst OER HLH, BETMIIFA OER AL RASJCNE B, H AR Ui IR B UL A1 AT it 1% S L
Xt OER I FEHEAT 1 3 BRMRE[32] - W B SE ML AT AR D -OH B R AL miMR R HF S RN-0, -0 X 5-0OH 4
AER M-O0H, a8 RAgENLHIAN-OH 58 4G, LR O-0 JEIM, fifks
SRR A B i S A 1 S URTE[33]

AR 5 E NS A RERTS, PIAIR HOLME PR PRXE; i A )R e S0 R PR e 0 R o, JUIAS
ATl & OOH IR, tAM T iR 287 M) I . ITEL, R 45 & BE4 A B R OER fiEfL
T E o < S A T PP AL 1) 35 A1 8 T BE 32 (AGO«—AGOH ) 5 1 L34 2 [AIAFAE — A KL R 28,
BB T AT LT RE . SR EY RuO2. 1rO2. Co304 BAJZ PO, A7 Tk L AL I TS (4] 2), BAT
FEF NI RS, 7R 10 mA-om 2 BOEESER R AT LU B A TR A IR S K OER AL TE[34].
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Figure 2. Tafel slope as a function of overpotential at 10 mA-cm=2over state of the art catalysts for OER
[ 2. OER AL FIIL B ALTE 10 mA-cm 2 BB FE/RFYE

3. Ni-MOF Hf#7k & RITIK

Ni-MOF DAHAR AL . BORRILER IR W] LRGSR nl RS B 42 ) R 415y, R /K SR 40
AR T ORE . JRAG Ni-MOF &5 5 PEfE 4R s HER AT OER HIE VIR R4 M - PEREC R
HHEARS. SBEFHABEHS), b Ni-MOF M2 L4501, S RMREMFIHE T &G, i
KRR THEACRER . Ni-MOF S5 F R 57 th 7T LUAR 75 5 bl 1o 9020 BT B85 1 B S E 4T 8 1 3
B, WIERIERSE. JUAIRAR. K/NRIZh e XANEREXT T 1L Ni-MOF J B A IR K 2 Hh i)
MEAGVEE . JEFRMERIM AE R OCEE ., hAh, JRAR Ni-MOF 1) 2 FL 45 #4 4  ploN AR &5 Fh 2 AR 4 o (U 4
& SRS BT AR REWAS R IR > ) RS R IX R 2 D REPE TS Ni-MOF
HEMERET AR 4G Ni-MOF BT U/l 5 AMRA RS NI PEREAR S &, MITT R 25 52 Ni-MOF 2k
RLEAL T AL VS T . SRR AIAR S E 1
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3.1. HrERMELT

FIF Ni-MOFs [zt nl i, nrBUs I 51 AN J% J5 TR AR B A& AN BB AL PR B R 21 MOFs [ {#
PG o5, T L bEfE . PR R FIBA B Ni-MOF ARTIRIA, it 7 7 Gk sah il & 7 ASA
Pd & 15 44 Ni-MOF, Xt I b T A PEREREAT T IR ABIFFE[35] . TEMI %I FEH, Ni-MOF {F A5 4k
M, ARG E I =GRS5 A s R AR A R AL T R RO SCHE R E (i A PE . J8 I RS g% 1) Pd 1452
B, DI % T AR Pd SEE4E, Hb PdINI-3 &4 I T &1 HER TERE(E 3). ik
MIREE R L], PA/NI-3 &4 7E B E )y 10 mA-em 2 (5 LA A N 50 mV, il T A28 Ak . otk
4b, M Tafel R WALE 102 mVidec, #F—BESE 7 HAL R B IERE . £1XF PA/NI-3 & <057 1) HER
PERE, BIPAFRH T LU BASTTRERIER: Ni-MOF [ = 4Efs e 25 A m R AU AL FIFR AL T R I 1IC
FERNBAERIIN AV X PSR A A R T AT 0 7 BORAR € 1, IERedR b T8 2 ITEVEAL A0, T4
TR . Pd BB 284N T Ni-MOF HL S35 2 [k . Pd 1EA—F iR RIS Bk, HiB
F4AENS B E IR E AT S e RS, TR HER 3 125 f2 . B4k, Pd 55 Ni 2 (8] iR B4R F R AT B
o AT PR3 1k 7o A AR AR R
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Figure 3. Electrochemical performance of Pd/Ni-1, Pd/Ni-2 and Pd/Ni-3. (a) CV curves, (b) LSV curves, (c) Tafel plots, (d)
Nyquist plots (the inset is the fitting equivalent circuit), (e) comparison of Ret and reduction percentage based on Ni-MOF
and (f) LSV curves of Pd/Ni-3 initially and after 3000 CV scanning cycles

[ 3. Pd/Ni-1, Pd/Ni-2 %0 Pd/Ni-3 BOEB b 1ERE. (a) CV BhHZL, (b) LSV Bk, (c) Tafel &, (d) Nyquist BIGERIAINESE
WEEE), (e) BT Ni-MOF B R FIIEJRE 43 ELBIELER, () Pd/Ni-3 #]38F0425T 3000-CV FAEEINEHI LSV Bhik

JERIBHTE R ZH LUFH IR 5548 A\ 1K) Ni-MOF 508, 72 NHa 7387 fif il 4% th i 2408 Ni-Mo X4 J& &
fEALFI[36]. ZAHE b7 15 24 T0 AR SEARAE 1 d iR Ni 9K IBURLZE (1] 4), FFELETEEEN N 57
iz, BEANRN HER MhRe. &MEAF EARCHE BAL(58 mV), KRS IE/RAIE (57 mV/dec) Fifh
FHRENE, BIEALT RIB 24 Mo 19 N B2 .7 Ni-MOF L. ZAT LR Y] Mo 53K N 5 245%
X Ni-MOF 3£ HER 168 B A W RIVER
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Figure 4. The synthesis process and structure of the MoOx@Ni-MOF sample
4. MoOx@Ni-MOF #@H& &R EE

FHE S PR Ni-MOFs A0 —4Eg K b ] DURCRHR s A is 1 . B, & B v 1 7 A
RWEERIAIG I R EE . HIK, GOKRGERE T I ) AL A A 5588 . BRI I BAHRGE T — B 2 A
5 HER PEREM —4E Ni-MOF & & 9K Fr[37]. FIFH SR n—n A ELAE PR BRIKH 43 125 50 b [ 52 7688
(1) 2D Ni-MOF 4K Jy F(] 5), REWGIN T e, oo 7 R ig i, JFHss 740 I 7E s HER
i E . BT Ni-MOF (1 K L R A A ELERE 5 2D Ni-MOF Z IR & 1ER, A3 9ok otk g1k
FIVELBEE @Ni-MOF 7£ 10 mA-em™2 B %5 B N HA BRI I HA7(334 mV) AT R 4 (A2 e 1
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Figure 5. llustration of possible catalysis process of alkaline HER on the FePc@Ni-MOF composite nanosheet
5. FePc@Ni-MOF E 54K Lt HER 7T RE(EL S 12/ AA

4k MOF 9K Fr b il i (1 5 B AN BRI AR A, B e R F ) HER HELBEAR TR, R
KA )RR 22 A 5 B4, IO 1 AR . FEAS SRR A B ST NBRANKE (CNTs) AT
PR IEGK Fr R4, S, JRHR 2 R AOR G U RIS . AR, FERORABATHE 1 — i
AT AR 1R SRS R 26 L AT 22 RGO S ) (¥ v AL R [38], L rh i ABEGR M —4fE Ni-MOF NSs AR B A= K
CNTs. BLEAE CNTs 2R ) Ni 44K BURL(NPs) ZE A 4k 5 7T MR 75 5 #5646 79 NiSez NPs, fIL AL (AL 711
RIS 58 ) FL AL HER PERES

TRBR(NF) B A BORRIR IR . s RO AN S e, Bl i AR AL R R Btk . 75 5
BHER S ERBA RS T — MOC AR IR R (NF) 29K 4584 1 NioP/C (NPC)ZK F1[39]. SRR LR
T AT Ni-MOF 492K F BURE [ ARG, 0078 [ i PR A AR AT Tl A Ak 252 401 1) P 4 g R e Wik 2 0% E (4
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mA-cm 2 I RIREE, R HEANCN 29 mV. [, £E 12 h B E el al)s, DheetRes RIF B
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Figure 6. Schematic illustration of Ni2P/C nanostructure derived from oriented growth Ni-MOF on nickel foam: (a) surface
passivation of nickel foam; (b) Zeta potential of nickel foam with passivated and non-passivated surface; (c) fabrication pro-
cess

6. 7EIEKIR EEMAE K Ni-MOF 152 NizP/C KRR ERE: (a) EKEREHL; (b) REFHEUFRFELAE
SRIREY Zeta BBAL; () #IETE

B TAE N AR BB A 4h, Ni-MOF 74976 HER J7 TR RILH T R PG . Ni-MOF fit2E
YIE B SR EN . B, Bk, By, LA & B A1 1) £ LS . Ni-MOF 7F 600°C
JBebe N AT LA AR AR IR S A PP RHNI/C), TSR BE /N diohs ROSE . BE s i FLBRR R L R TR 45
e 1] PR B IR A FH BB A8 R SR A S (AR LA A e (R b 2 PR R, A PR AL S5 A0 1) 2o Hh RS
71[40].

FNE U BAFIFH Ni-MOF 1E LG AL, Ik i PG N, R Se2-2 BUAR &5 TR R L 4,
FER T RN NiSer 4K SR HI[41]. BEJG, XHER NiSe, 49K Sk 17t — DL abHE, 8317 %
T8 5552 N BRSE NiSe2@NC 524K )\ AR (& 7). 7EA U, 8 S8 Ni-MOF | k4
N BCALAA, SRR S A B R A, AP T HER MR MERE . SRIb e IR, X Fp
EACH] NiSe2@NC #% 79K )\ THAATE HER L T sk vERe . M HIRE N 10 mA-cm2 i, Had
A A 162 mV, [FEBF7E 1 M KOH & OR5FE 1 R AP HIRR e 1, nl sk TR IR 40 /N,

il

Selenization
Mixed linker MOFs

Carbonization

NiSe,@NC

Figure 7. lllustration of possible catalysis process of alkaline HER on the NiSe2@NC
7. NiSe2@NC £ &4} EE HER AT 8EME LT I2RY I ER
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3.2. HrE K ML

FIH /NI, BTRILATE KB T R e A7 7E HiE H T OER A1) MOFs = B2 AL 5 3 A 10K Mk iR i
ZEMPRHZIF &A0) SR T K I MIL Z 504 LR B K22 K I Uio R AR KL, 2R [F1 A
Pt T — B I EC AR TR SR HE SR ] £ Ni-MOF 2 /5144 OER LA 7], R — 4k (Fe) il i M f& 45 & [ .44
AZE| Ni-MIL-53-NH; 1 E W EC A (4] 8(a)) [42]. S5 EHA Ni-MIL-53-NH #HEG, #5320/ NiMIL-Fc K3 H
AL SR OER 5P, 76 LR # N 50 mA-cm 21, Ni-MIL-Fc [ ALY N 297 mV, KT 75 F A AL
IrO2 1) 321 mV. - PRAEIESE, Fo BITHIB AN AT LIS i i #, AT 53 50 2 () HEL TSR ARAE Ni
WAL b, AR Ni A7 255 OER & i P 7ETE P (] 8(b)~(c)).

imine
condensation

ferrocenecarboxaldehyde NizMIL-53-Fe
b) — Ni-MIL-53-Fe C) Ni 2p 2py,
—— Ni-MIL-53-NH, ; 856.1 ¢V
-~
= 2py,
~ <
= E, 2z e,
& : 'Z |Ni-MIL-53-NH,
£ ‘ g
£ = 855.4 ¢V
S o i
i aY D Sl
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7193 eV
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Figure 8. (a) Schematic diagram of the synthesis of Ni-MIL-53-Fc; (b) XPS survey; (c) XPS spectra of Ni2p in Ni-MIL-53-NH:
and Ni-MIL-53-Fc.
[# 8. (a) Ni-MIL-53-Fc & mmEE; (b) XPS iEE; (c) Ni-MIL-53-NH2 #1 Ni-MIL-53-Fc A Ni2p B XPS Hit.

W75 MR 2R FH S L 42 8 Dy MURRr) 4F HUESKIE = Ni-MOF 1 AL IE P . A ATTI 7 V2 TE AR A
EHJEE Dy 52411 Ni-MOF (Dy@Ni-MOF)4K 41 [43]. AEJEALAE AL /0 B 45 F % W, Dy.03/NiOOH 5k
FraE Y si (] 9(a)). LL Dy@NIMOF hy SHAR [ 544 7K J3 fife s B B 0 7 () s AL 1 5 (2] 9(b)), £ 10
mA-cm 2 Fu[$4t 1,51 V i E, FEEA 100 h (K& . Dy@NIMOF A1 Dy #2421 A %L
Hh P2 Ni VM RO I BT 458, (23 Ni il Dy Z a1 s s A BLVE R, AT D 5 v O B 33800 2 oK
9, XA T S R RS A R AR IR B 1] 9(c)~(). k4, Dy@Ni-MOF it ARk, A
BT R AR S A mT DA OER B BJ) 715
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Figure 9. (a) Hlustration of Dy@Ni-MOF reconstruction during OER reaction; (b) Comparison of the overpotential at 10
mA-cm~ and Tafel slope with previously reported OER catalysts; (c) Schematic of the OER catalytic mechanism for
Dy203/NiOOH; (d) PDOS of Ni 3d and O 2p for Dy203s/NiOOH and NiOOH; (e) DOS of Ni 3d and O 2p for Dy20s/NiOOH
and NiOOH; (f) OER Gibbs free energy diagrams for Dy203/NiOOH and NiOOH

& 9. () 55ERTIRIER OER HELFIRY Tafel £1ZRAIELEL; () Dy202/NiOOH KJ OER LA IR ; (d) Dy203/NiOOH
#1 NiOOH = Ni3d #1 O2p #9 PDOS [&; (e) Dy203/NiOOH #1 NiOOH = Ni3d #1 O2p #9 DOS [&; (f) Dy20s/NiOOH #l
NiOOH B9 OER Gibbs &g [E]

HTANEAAN S5, MOFs fEMA KA T AR E M BN — /NSRBI . el 7E s BRI VA v
A HUECAR 1) 7 R 25 53 3 30 MOF 125 K6 B3R , 1 7E 2R T 5 67 T2 B 1) 4 J8 S A P s US4 ) vl /2 21446 OER
MR o ZEMEMRBE - B IF 2 T — Rl #2100 350 o0 i sfmss,  LA=4J& NiCoFe-MOF-74 fFEyRTuKiA, 7E
MOF-74 W€ (1) NiCo/FesOq 7 FURURL, I SEI = 241 OER [44]. #4r il JT LR EE T MOF (1)
MEZREERY, [FII P A i MR 1o BTl 46 1) NiCo/FesOJ/MOF-74 #2443t TR Fa € i) OER HL, 7E
10 mA-cm 2 i [k lEAZ K 52 238 mV, Tafel $H%4 29 mV/dec, 8T JR 4G NiCoFe-MOF-74. 58443 fift 1)
MOF 744, LI K 2 Bk & Ak 5t 4 J 2 L AL 71 . NiCo/FesOs/MOF-74 4K S5 K4 T 1 (1) O B 2 #E 1]
PERAbIER, 4J8 7T LA Niv Co A1 Fe ()5 A NiCoFe-MOF-74 H73 i Hi sk .

KZHEARIE Ni-MOF 7E %4 Nafion A5 VUG5 205 %5 KA WRE 45770 (040 B S A g BBz AR At
AT HUARK S, DI TF R BT Ni-MOF FITCRE S5 10 B S # la il B B R . B TR B (NF)TE A
SCHEHRAL, NiFe WK G 4 (NFF) AT DUE BB ke OER PhRE. R iR A e 1 —1 & Bk
Fe(Ni)-MOF A& B SC4% MOF 526 Fl, % FAK E B i % 47 Ni (Fe)-MOF 9iK Jv 4 (1% 10) [45].
HAL SR B, 4T A i f A 3 99 227 A1 253 mV I AT A F) 10 F1 100 mA-cm 2 (L2, it
HEF RuO, FEHERI K 22 Bl i 5t &R e AL o 1% 70 R L € ) OER M BESRIE T M Ak 77 b Rr o g
KEEFI LA B Ni A Fe 35 AL 1 2 18] A S A B 20

L Ni-MOF AR #] 4 f Ni-MOF #7447 OER HEAL 5 T R B T RAF A& k. W 5Z GBI BA LA
Ni-MOF I =&k, it AR & PR EaHE N B2 AEIL7I(Ni-N/C) [46]. XFf MOF fiT4:
Ni-N/C HLAEALFI T N 154 A 022 35 5] 0 AT AR GUOR R ZH AR, X PRy ) S5 A T 77 o6 T+ OER %%

DOI: 10.12677/japc.2024.133045 404 Ly PR R=Svi


https://doi.org/10.12677/japc.2024.133045

RigI 2%

R AT . B E IR R AR E I AN 394 mV, LIS PER I AY(ECSA)E N 254.25
cm?, FIHZMEAFIAENCHE OER A B A M R tERE. tbah, Rt d, @i i-t fhk ] LI g2
F| MOF fiTAM kL B RiFrfase .

N ¥4
Fe Ni H* Terephthalic acid

Figure 10. Schematic representation for the formation of the NiFe-NFF electrode
[& 10. NiFe-NFF BBREIF AR = E

Ramesh %5 A3 12K H MOF 1E AP ASAR 1l 25 1 5 5k NioP-FeoP 7 0K ((Ni, Fe):P/C HNRs)fE
R AL TRI[A7] . AL AT B B A AL Ni-Fe-PBA 25 Lok, SR Jm it o5 4L i tb i fE it
— (K] 11). Bl 2 (NI, Fe)oP/C K FRIEBR ML h R I H 35 1) OER 31, 10 mA-cm2 HLii
FERIE AL 258 mV,  HLTE 40 /N 5 T LT A RIE IS OL T BA KR E M. (NI, Fe)P/C 4K
SEM OER i M AR i 1 A2 DRI A R 1 2 oo TS SSRN i THD P~ 45 A R DR v 1 R G50 4D P A6 s R P A
R,

[Fe(CN)*
EtOH / Hzoa

RT,1h

*c\\ao‘)" Phosphidation
e
o ﬁ
‘_e\C\‘ﬁ\ Ar flow
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Ni-MOF NRs NiFe-PBA HNRs (Ni,Fe),P/C HNRs

Figure 11. Schematic representation of the synthesis of (Ni, Fe).P/C HNRs
11. (Ni, Fe):P/C LK EN SRR BB

3.3. IhREHEALSH

R AR AR 1,3,5-2K = R (BTC)MI ST CoNi-MOF 27 |, JlId B8 7Ac e skmg, AT —1l
H Ru &[] CoNi-MOF 44K}y (Ru@CoNi-MOF) (¢ 12(a)), M KM% T HER 1 OER [f13)) /1 %4[48] .
BT BB 0 NI VS A S AR TR BT, Ru@CoNi-MOF L FITE 10 mA-cm ™2 [ HLifL 3 i
N HER A1 OER i 354 MR 47 mV A1 279 mV. b4, Ru@CoNi-MOF Hif#fi7E KOH Al /K PR 15
rRER L AL O PR R, T L AEALTR PUC AT 1IrO,. FESHEIER], 7E CoNi-MOF #5| A\ Ru
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Figure 12. (a) Schematic illustration for the formation of Ru@CoNi-MOF; (b) The model of Ru@CoNi-MOF;

(c) Calculated DOS of Ni in Ni-MOF, CoNi-MOF and Ru@CoNi-MOF

& 12. (a) Ru@CoNi MOF RIF2E/REE; (b) RU@CONiI-MOF AJ4#ER!; (c) Ni-MOF. Ni-MOF #n

Ru@CoNi-MOF & Ni #J DOS i+ &

R

Kashif 25 A\ D@ 455 VO 9K F Al Ni-MOF, T H— s 250 BLRUA 2435 2 3 1 XU T BE e Ak 751
[49]. AHFFKHAGT AR, Mol T BA —4e 2RI VO gk i, B T Hid FRER K=
Yraiy. B, 1E VO UK MRS R B35 53 Ni-MOF. fE& I Z kL, NiVs £ OER #
HER A2 BRI 1 sk PERe, Hoad 3o K2 336 mV Al 108 mV. ity AL IR(24 7N
FIEIR 22£(5000 KAEH JE)UESE NiVa L BA B3 e, HAR R R OER EEEIHE T VO 44K Fr Al
Ni-MOF 2 [ (1) J& ¥~ [ AH EL A R AR B 25 BT, X AR E T OOH J B A [l 4R S W B 31 N & P47 a5 |
(K 13). TfE HER A2, VO 49K 5 Fl Ni-MOF () ST A1 B E F 343 OH R e /e Vv s |, [HI
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Figure 13. Possible electrocatalytic mechanism of NiVa and PtNiVa electrocatalysts for
overall water splitting in alkaline conditions
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Raja 25 \ B k4011 T. 2443 Fe-MOF F1 Ni-MOF mZhi e/ R4 Bl 7 IR A K, FFER] T
SRR A 50 BH50]. X — M B AL E AM KOH HLf#iid, R I 7 HER A1 OER W mid k. *t
F HER &P, ZEMWFIETE 79 mV BT BAL R, st 10 mA-cm? R . 3L Tafel &}
AN 30.1 mV dect, BoRH RIEFIIRNF) /1%, XFT OER B, 1ZMEAFITE 50 mA-cm 2 [ HL 2
N, HAfA 235 mV, Tafel #1564 55.4 mV dec™, iF B HEAG =2 OER fE{L AL . ZWF AR RL
AL BE EZIHTH T Fe-MOF A1 Ni-MOF 2[RI 7> TR B FE X R BAE 7R R e E 28 b
33 7 IRA AR A, ATEEEL TR OER A1 HER 1ERE .

Patel %5 N#RiE 1 —FH Ni-MOF 1 A A4S R il 2% 1) =y 8O0 ) R FELAE AR R [51] - #£ 600,700 #1 800°C
(Rl B N BEAT PR i, 45 2 =R e HL AR, 3790 Ni@NCS-600. Ni@NCS-700 il Ni@NCS-800.
EIREAKRLTF 5 RT(N, S, O)B 2R A o H m b RS . Hop, Ni-MOF 28 5 #48 i% 5%
gERy, BPLTE KR R R HE R TR, R —w i t. T RERMEE, KI
Ni@NCS-800 XL Ihfie H i A0V 1t JE 3 2%, W5 f e 0k 1) 5% & J8 M1 A (RuO2 FIT PH/C)AH I 3 .
Ni@NCS-800 HA AR Az, 7E OER F1 HER H /37X 75 330 mV 1 366 mV EJAiA £] 10 mA-cm2
()RR 25 P o 2T AT R B S R AR RN A R T 00 W TR AR R A4S M RE LA B R e AT R AR E .

4. BESRE

AWFFLFR T Ni-MOF FERPRIE Gl 8 Fo g e 28 F MR A0 7 7 ThT RO T b g, Sl R N 2 W LA SR
PALEEE T Ni-MOF MRHE AL U e, Bds Hm bR AR . 2 LA LU E & 1iE A s %
XEEREE AL TS Ni-MOF 44ROy R AT B rAEAR ). HRIE Ni-MOF A1 s, 38 AT LUOs Rt 4% 41 4 5k
BT BG CE A R RS MR A AR, AT B = Ni-MOF JEAP R A LT . B, 54
MOF #HLl, KZHWE)E MOF il RIS AL is . thah, R Ni-MOF 1y air % 4 J8 1o v i
B % AT, g R B B, T LR E S S A R BT S

25 LRk, MOF HABHE B AL SR B A BRI R 77 (HR AR — L n) . ML T S & @ A
kL, MOFs #PRIEFS E P LA YT T AN SR IEZE 80, X 7™ B BRI T 2 BSNS540,
BRI S %2 MOF FEPRHE HUEAL S AR 1 — AN DGR R JL. AR MOFs &5 3D 5 i Js Bl 45
G LA R T L, (HZ VAR T K25 MOFs JEAEH - /5, MOF 448 % HER AT OER [ #4LHL
AT 5 45 & S e B I R A RAFH AR SE AT 7T Ik, MOFs ML CHE TR KR, £k
(RIRE T2 R — AR R MOF AR & BT 15 SRR A LA J Mk RESRE T SEME , AR IR A AA i BRI K
P I3 HE .

EHEWH

VL5 7 AR RV 5 Sz B A8 11 2139 H (KYCX24_3546. SICX24_1995. SICX24 1992), Fiifi K2k
A NI ZR iR 55 H (202410304103Y),  F il K5 KRN HR TT I8 2 46 55 B (KFIN2471, KFIN2437).
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