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Abstract

Electrolytic water splitting for hydrogen production has been widely recognized as a sustainable
strategy to address the ongoing energy crisis. Metal-organic frameworks (MOFs), a novel class of
porous materials characterized by tunable porosity, adjustable structure, and low cost, have shown
significant potential in the field of electrocatalysis. These materials have been applied to various
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electrocatalytic reactions, demonstrating good catalytic activity. In recent years, with continuous
technological advancements, a large number of MOF-based electrocatalysts have emerged. Conse-
quently, timely summarization of the relevant literature is crucial for researchers to accurately de-
sign MOF-based electrocatalysts and deepen their understanding of the related reaction mecha-
nisms. This paper provides a comprehensive review of the applications of single-metal, double-
metal, composite-metal, and supported metal oxide-based electrocatalysts, as well as freestanding
MOF-derived electrodes and pristine MOFs electrodes, in the hydrogen evolution reaction (HER),
oxygen evolution reaction (OER), and overall water splitting reaction. Finally, the future develop-
ment directions and application prospects of MOF-based materials in the field of electrocatalysis
are discussed.
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1. 5]

B A REVE T 9 75 SR 1 PRUd R S AR R, % AT AR BEIRBOR OB TR JERERIAT %, A
LA AEAT R (A A RS i B A BT 5| 1 7 B REVR R BRI il f . 7E A2 BT R, A(H2)
RV D5 . i e 2 (142 MI-Kg )« TEBHE TR DA B A 47 A Hin 0w AT 1%, BT 32 I B AR )38 ¥ e R
[1]. #Rif0, ZBEmAEr=BABRIE, TR —SUEHTIRAR . HEl, ErEm L, ZREREML
FRBHT IR o A 2 B A AR [2] . SR, X L AR 7 7E S 45 £F(950°C~1100°C) T T, S8y H
) AR A EE 2 R, BRI A P i USRS SR HE R i %2 —
P 7K ER R A2 F It S S 4 e BH W PR M S0 s 7 (HE R) AT BH W F BT 48 S 2 (OER) [3] - 4R 1T, AN AR 2
RiE) )15 %08, BRAK T /K LR I AR A3 . FESERBRERAE R, K il R AEAE LU B AL (1.23 V) B 2 1)
AL T o XA R, BRI AL, T LIS I A I M I AR SR N R S BBl 7y % . E HER
W EPO A AL I A TR, RN e B S I ra A AR/ RS SR AR R R [4] 0 BT (Ru) EEAEK (1)
4 FAE AL AE OER rf 3R H 2 e 1 H A ARG ME[5] [6]0 ARTHT, 348 5% 4 J S A 5] 04 i Jl AR
A= FEBR ) 7 e AT TR v R - 37 P o

AR, SJEANLE 2L (MOFS) B H AR i AR 450« e LR TR . WA (1 FLIBURRAE DA S mT R T
REME T £ 52 I [7] [8]. MOFs /& HH 42 @ 25 154 M3 R B BRI T B = 4E 0L - A LAt td. [
RSB 775 B AT T B i AT ), B AT ) % A R BRI FAE . S v R AL S
k. 5 BTRMmE. oA S B ISt R AH L, KSR 1) MOFs Je AT A= M B L B35 IR 1%,
FORM L R IARFIA 7 FLBREE M, AR T RSP i 8% T S 4 fs FLUR, MOFs A5 T 349 (1 4 Ja 7%
PAK Z R G A . BRI OB A, TE R DRI e, SR mbiE ;s &S, MOFs Il ik
SRS EERE, et T PGE R R N B F I FR[9)-[11]. ST Uk, 4 ETHE AT IE R AT RS A T MOFs
S HATAED ST R, DAIYE N HER FT OER (1 =y 285 FHE AL 77

AT HREE . WEE. 68U &EE SR A B ENFIET T AR, RN T
577 MOFs fi72E Al 5 5 4 MOFs Hi#l#E HER. OER M 47K il S N F A e 2 P g o S0 3 i Sl frf
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R T AR FIEA R AL, AFESITC eI, FEE, RGME T IEFRK MOFs 3 {407
SR KT TR, AR AR ST Ho gl 43 A ¥ 42 J8 MOFs. XU 4@ MOFs. MOFs #:5 & ¥k K2 MOFs 1E
REARFIVURZE, FARFE L PRHaE 1) N B8R W AENLEE S A B A S B T3, AT T VR
5ihg. FEEN, KXNHET ZF AT BEMELTETE. SRR AR N MOFs AL 5 TH %,
A EART =4S H MOFs A REAR . NMEMEEA SIS 13T, MOFs 9K RS Ik % 74 2 DA
Kk tE MOFs A BHPRE O Ifiik. XSG 1 ST, ARA B EReSeft T H 1308 . &5, AR
JEEE T MOFs JE L ER AR K AT, ot TS G LS SH0,  FERARBE 72 05 [ 4
TRTAETER WA, DA R R S A 5 R TR S &=

2. BfR/KR YR

2.1. HER #|3&

HER ZERRYEAC A F A F], FURDIAR: EMPERIE T HER ) Volmer B K & 5 T-(H:O) 7
H IR R N TAERUME S 0F FIIAOK Y T19 H-O-H BEFT 75 (M R i

S, HER 49915 R FIGG I B 5% 90 KR [12]

TR BT AL R, HER &AW B TR 2.

(1) Volmer J% v :

H,O0+e +*=H,0+H"
(2) Heyrosky [ 5 :
H,0" +H +e =H,0+H,0

(3) Tafel Jv:

FEBRE H AR T 2 T
(1) Volmer 25 :

H,O+e =H +0OH"
(2) Heyrosky Jx . :
H +H,0+e =H,+O0H"

(3) Tafel J -

H +H =H,
FEIR L S NP BR R, AR VERL i, HYRE T R, B 22 O3 PR s X I B BRER) S8 B AT
i Bf o
2.2. OER #1312

OER & HLfif /K T IR S B, 822 HER, OER FEEMUANHLIT, MA@ R bz HER K 2%,
13 B S 18 1 OER 3l /7 Ak LG e B 1 EOR B s

THNR A “*” Fon e IR . OER AR 0 32 24 F R A S IR FA 7 3 T, 7 LA K
LR R, OH AT OOH™F AL, v R A4 2 T WL B S 2 M TR 2t AN 5 5 I ) 2 TR P LA 5 A% [13] o
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O +0OH - OO0OH" +e”
OOH" — #+0, +H,0+¢e"
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Figure 1. (a) Schematic diagram of the preparation of self-supporting MOF-derived electrodes for HER; (b) TEM images of
CS@CNC NAs; (c) Polarization curves of CC, CNC NAs/CC, CS NAs/CC, CS@CNC NAs/CC and Pt/C/CC; (d) Stability
test of CS@CNC NAS/CC by the i-t curve, the inset is stability test of CS@CNC NAs/CC after 2000 CV cycles [14]

E 1. (a) AT HER KB X#Z MOF {THBRAGHIEREE; (b) CS@CNC NAs & TEM [E; (c) CC, CNC NAs/CC,
CS NAs/CC, CS@CNC NAs/CC 7 PY/C/CC RItR1LEAZE; (d) CS@CNC NAs/CC Rt E MM i-t gk, #hMEIR 2000
B CV fEif /& CS@CNC NAs/CC FIFRE 1M [14]

PESHLAR K T BB S, HER 2RISR 1900E, BONESEAE 1, RIT R T8 REIR
KEEULRAR 57 o &4 IR, PtESAR O IE B & HER MBCHERRE M HLEAL A . BRI, 155 B A AR R s e
RIBTIE™ HEEAG HZ N E, ATEZBN T KR BRS J0 a 0T & AR 5 & R AT RHE Dy i 2
RAEALT), T BTG A M ERE AR E 1, B R ALy, B, Sy, i
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YIRS, X Seph B BEE KR R AR B 42 Pt s i A 7). SR, AHXT MR L 5 %
AN LR T AR A I U 42 B 5 HER AL IS . JEk, MWE R 3D M S M2 LM
M7 MOFs T4 Fa A O BCA R U iR 280 HER (A0 77 Fod i ) 25 s . sl b, —28 MOFs & i/ i
TR R FE R IR R B 0 N JCR I AL NC 3@ 3m MEATRE, KOKHR S 7 HER PERE.

Chen [14]% \fiti& T MOFs fiTA= 4645 (CoSer) YK WKL IR A/ Co-N #5248 Bi 49 K v B B FE B 4%
(CO)EH1FE A HER ByM7 f AL L (CS@CNC NAS/CC). & 1(a)fin T Ha it K, Hdfrt
I FE AT 3 ABRAC AL I 5 3R . 2l i A HE 5, 3D 4K A FESI R B 0Aia V2 /N, XR
B] CoSex 4N KMKLIN 450 73 A WLAh, 1 TEM BE(1] 1(b))wI %1 CoSex 44K MURL Bl 15 2% H4 He 41 0 e T Bk 2
Wo TR G s 1 AR, SEIL TR R R, IR S T AR e, S T KINTEM A
fir. @ AL, CS@CNC NAS/CC #2415k ¥ HER 68, 7£ 10 mA.cm2 FEA 84 mV Hikid
HL3 (1 1(c)), #EE Pt BRI PEAE(35 mV). CS@CNC NAS/CC HLHZIA AT LA 72 /N 84 mV I
AL 1(d), RIS e .

F R F-45 2 COARIE B 2 T8 3 1 T T 5 A R R AT PR 5 R R e R R R A RE IR TV
YER3RAE MOFs ATAEMN I H WAREE, B 28 it 1 S plid I 4 8 AR 2% IR 148 A A ST e Al LA
W55 HER YR . 7E Zhang [15]%F AMIPUIUTAE S, ARATTHF AR T — Bl s S A0 BE J IR B IR Ab T 25k Ak
(W) B AL 5 (CoP) 9K B, e CC R4y )2 2 LA R (5] 2(a))fE A HER ISR AL HL A (W-CoP
NAS/CC). BA mAfLIRERITFANK A BESI R T 3 T4 HE R, B th & TR T, 02 H <
TIPCEY G T W 35 40T DU 0B TS MO S5 0 B IAEE, i $ s HER fEfLPERE . 2ol sifhE
Mk, W-CoP NAs/CC 7B HLME T (] 2(b)) 0.5 M H2SO, 3 B A7 9 89 mV (10 mA-cm2), @ Tk
$4 W [ CoP NAS/CC (123 mV), KB W e miE ke i A 2. HHEEMZ, W-CoP NAs/CC
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Figure 2. (a) Schematic illustration of W-CoP NAs/CC synthesis procedure; (b) Polarization curves of CoP NAs/CC, W-CoP
NAs/CC, and Pt/C/CC electrodes in 0.5 M H2SOxs electrolyte; (c) Polarization curves in 1 M KOH electrolyte; (d) Polarization
curves in 1 M PBS electrolyte [15]

[& 2. (a) W-CoP NAS/CC HI& B BRI R=E; (b) 7E 0.5M HoSO4 BB i+ CoP NAS/CC, W-CoP NAs/CC #1 Pt/C/CC
FIREYRICERZR; (c) 7 1 M KOH BBk P RARLERZL; (d) 7£ 1 M PBS BfEiR AR 1L EhZ[15]
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3.2. B, W&E MOFs

EF6F MOFs MRHEA M4 2ett, $27+ 35 itk G0 SCHEAE T 51T 5T K 5 L MOFs. LR 11 SR I
FEWE A — 2 MOFs fLIE A RN S HE AT, LA ASME S R, Rk k% A
HFREE MBI, M FIERee ) —RAHEN nn SN, 75 48P b ST 80 da s
¥, tEE P oSk e EITA A PIE E SR TR O S R 5 ik (] 1E 8 i T
PEAE, HOR AR AR E T 5 AR [16] .

1E LR, Bk 4R T RGOK iy BRI 2R R AT 2 R . X RYK A U AT 3
fFEH B NES B W Rk s s IR MOFs JE RIS A EAEF 71, SEDLEREE M)
FEg, PFAR_GEFHGOK T FEHERNEEN G FROTHER, RiE&EY a5, i ihr 543 g
B YEGERI ) S MOFs, A3ETH MOFs AR S PR REFFRE 1 HN& 1% .

HAT, 48 MOFs [FIL AR g5 M RmT #5178 HER M4 ST A2 3567 . 2017 4F, Bu [17]
R HL A RIS 7 R Co MOFs, “EAIIE 4R = 4E 4544 vh HA AN [A) BE r AN i A A% 2. CTGU-5 M
CTGU-6 (|4 3(a)). FHZIREYIIBL)E, AB&CTGU-5 (1:4)7E 0.5 M H,S0, H £ HILH A HER AL
fie, RGN 18 mV, X F] 10 mA-cm 2 Fr R A 44 mV, Tafel &% 45 mV-dec?, f#i% Co-
MOF FA T RE B £ 2D MOF 22— (& 3(b), & 3(c)).

b c,
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Figure 3. (a) Crystal structure diagrams of two isomeric Co MOFs (CTGU-5 and CTGU-6); (b) LSV curves of CTGU-5,
CTGU-6 and other comparison samples for HER tests in 0.5 M H2SO4; (c) Tafel plots [17]. Constructed MOFs models for the
evaluation of (d) Fe-MOF, (e) ZnFe-MOF; (f) MgFe-MOF; and (g)CdFe-MOF; (h) LSV curves in 1 M KOH; and (i) stability
test of CdFe-BDC by the i-t curve [18]

3. (a) FFHFEH Co MOFs (CTGU-5 #1 CTGU-6)MI A &54a[E; (b) CTGU-5, CTGU-6 FIHELLE MM 0.5 M
H2SO. # A+ HER MRS LSV Bhgk; (c) Tafel BhZk[17]. #23EE9 MOFs #£8Y: (d) Fe-MOF; (e) ZnFe-MOF; (f) MgFe-
MOF; (g) CdFe-MOF; (h) 7£ 1 M KOH = LSV Bh%k; (i) CdFe-BDC RYFREMMIR i-t ghzk[18]
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WA @ A MOFs & @O BUAR IR R & i, BIERRFHERITEE. e RS
M. SR, H5XEJEEE 4 )8 MOFs MHLL, H.4: )8 MOFs 7E HER fi bt Ll BeIg AN, ReAlTE
RN RN ZAE R o A48 M % 428 MOFs fEALFIFE HER W 7R 2 B H AU (1 R B a3, IX e fifh
FEE SN Z MR Oy, R B0 ) s AL TE AR e . 2022 4, Chen [18] 1 BAIE i {3 ) —4%
Kk, R T Fe 520 i &8 5 7348 MOF g /KR8 (K 3(d)~(g)), HA CdFe-MOF %
It ASEE, HAYT 148 mV i A7 RN ATIA#] 10 mA-cm=2 B HLIR 3 FE (1] 3(h)), H.Z&0d 60 /N i Fa i il
PR IRREL T AL PR AR (1 3(1)) . BE—2B 9 DFT 20 MR, Cd T8 N B35 B T AR I RE,
NIV 4 JE I 4 J8 MOFs [V BETHR At T IR SRR S48 S M. AR, EAEERRE, RE
4 B MOF (EALTIAERR P PR 5T 2 i JE L H AR AR HER 45 1, (HILAERRME A 5 v (R AR A 78 S5 4
EHAHX B Z, XA — b I R S .

3.3. MOFs £ E &%

TNV 73 (1) MOFs A MEME I RE I B (G HORIE 2 —, CRZBIERFAM 2 A H5IE
AT, 2021 4F, Lou [19]155 R BN T &b Hhiz FIASAR Gl Bh 03 71 2 R4l A SR S5 JE A BR R, )
BT T — BRI VU o DY f A ARE, 1R B B IS R i 2 MOFs (Cu-
MOFs) f 8 T A F Bk [Fe(OH) A K R M i, HAE HER &It 10 R A, 2022 4F, Li
[16]55 M 78 # Il I AU AN Cu-MOFs [ Eb iR ZE 1, JEER) DFT 155 [F0 48 S AR R B R
a7 T R R G AN AT Cug-Og HCoXef T 42 2 PRI B BE(AGH+) IR BEAE F, ATTSEBE T HER i
TR BRI . X — RIAMLZRAL T 5 MOF AL S AL SRS HLE 1 B AR, oy IR R Btk fE HER
AR 78 1 R 5 e

MXenes #1K}, A B 3 B PERE KR T F B I E BEHI(W1-F. -O. -OH 4§), 7E HufH Ak Sal it I
HE KRN 7. 2022 4, Peng [20] 5 JLAF 7t A1 BAE I G135 (0 J5 A7 A K SR, s AR 7 BhRe i) —
Y/ —4E(2D/2D)Co-BDC/MXenes H &k (Hh BDC 8% 1,4-% —HIRHE, %A CeHaOu)o BLAF,
Qiao [21]% A\ R ¢ %, ¥ Co-BDC MOF 5 —4i# Kl MoS, 45 &, il Co-BDC/MoS, E &M K. LI
s ZH, Co-BDC fENH Tk, it 5 MoS, X #hG, SEIL 7 M 2H-MoS, 2 iE % 1T-MoS;
SRR, RO T EATE R R, RS T T MR S R . X R TR SR T
(KRB 715 72, O HER IRNARME T B A RIS MF. 25 LATR, % MOFs 5 oL Re 14k i K 2
A, OB R0 HER FAEAL TR —FiAl B BT SR SRS LSRG AR T HER s, Hui#al
FHEWIN TR R T2 MR SR R, BRI R R NGBS 1

3.4. MOFs {fER itk

MOFs [\ FLA2 A] LAR 5 DASCREPUIR KL FIA R 7, DALt i o 5688, s MOFs AJ A
SYRRLFIRAN R FAHEAE A, DA — B m i e sl ik Bt . MOFs ] LU - R H A i i 45 &
eI, JFEA M FEER, M HE AR K AR, 2021 4F, Peng [22] K& LA 7t [#1 A
T bt ST T 42 8 40K UKL (NP) 7E 4824 4 8 A HUAESE (Ni-MOFs) i aktiie, anlsl 4(a), 4(b)FT7R,
Hor B R A AL 7] RU@NI-MOFs £E %5 pH Bl A (1] 4c, B 4(d)) ¥R FR L 7 1) HER faE ik, THE
€ 100 mA-cm 2 HLIRE B NIESHEAT 24 /M JE, HVEREJLT L E . X — MR #E T RU@Ni-MOFs 7£
MOFs % HL A HER M4 b O BRF L 3y, HL R8RS PR AN A E e S B 5 0

Ak MOFs i 15 1 35 HeFLAR RACAL AL 735 1, [t m] DU I B 483 — 4k 5 B MOFs /5 3%,
WAL T 5% 4 i 200K B0RL PR I A7 PR B R B 45 440 . Rui [23]45 A I 2% 181 I L 740 £ 77 V2 4E — 4 MOFs 4k
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A EAEK PYRKRBRL (G BURLR SF 2028 3 nm), W& 4(c)~(HATw. &R Ni-MOFs@Pt 3L H 1 7 11
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Figure 4. (a) Schematic illustration for the preparation of the 2D MOFs@Pt heterostructure; (b) TEM images of Ni-MOFs@Pt;
(c) Polarization curves of Ni-MOFs@Pt (20 wt% Pt), Ni-MOFs-Pt, Ni-MOFs nanosheets, Pt NPs, and commercial 10% Pt/C
in 0.5 M H2SOqelectrolyte; (d) Polarization curves in 1 M KOH [22]; (e) Schematic illustration of the formation of Ru@Ni-MOFs
nanosheets supported on Ni foam for HER; (f) SEM images of Ru@Ni-MOFs; (g) Polarization curves in 0.5 M H2SOa electrolyte
for Ru@Ni-MOFs, Ru/Ni-MOFs, Ni-MOFs, and commercial Pt/C (20% Pt); (h) Polarization curves in 1 M KOH [23]

[& 4. (a) 2D MOFs@Pt & R4E#IpYH] & ~=E; (b) Ni-MOFs@Pt &9 TEM [&E; (c) 0.5 M H.SO4 B fi#i%+ Ni-MOFs@Pt
(20 wt% Pt). Ni-MOFs-Pt. Ni-MOFs 40K Pt NPs F17& f 10% Pt/C HIMRILEIZE; (d) 7£ 1 M KOH H iR {Lphsk
[22]; (e) FAF HER B9S2 E85K Ni LA Ru@Ni-MOFs 4k B I R =Bl ; (f) Ru@Ni-MOFs B SEM [&l; (g) 0.5
M H2SO04 BB &% * Ru@Ni-MOFs. Ru/Ni-MOFs. Ni-MOFs 1 f Pt/C (20% PY&EIR{LEIZE; (h) £ 1 M KOH A#y
R BHZE[23]

DOI: 10.12677/jocr.2024.124050 520 HHAL2EE T


https://doi.org/10.12677/jocr.2024.124050

FUHR &%

4. BFHE R (OER)E) MOFs HH #L 5
4.1. &8 MOFs

EEXF MOFs [ J5 46 45 ¥ S RS HE 1050 1h 5 A NS, B 7E 58 M 3 HH B & Rt M R 1) B bR 4544,
X EL AR T 55 R AT A — TR L B M R BT RE M AR IR AR . I SRS IR B A T R SRR,
SEIL TN R AL S BT FE R MOFs 2514 Bl 25 8 A 1) S e M 0 S58B4 J31) 5 60 A P A
S I RZ O VR B X — SR A M IR T A UONIR N B AR MOFs (AL AL T 38 F 1 AR SL
OB R R R A IR T R 1 TE 2% .

Lee [24] KR FRIHEAL UV-Vis AR G108 RO % AF T Co iEPEAL RUIFEAGIEAT T IR
NWEFL, BEAG SO0 R A3 0, ZIF-67 1 VU FC A B 2520 T 0 A A = DU AR ATE 2500 T 4 ARV OH-BIUARG,
Ak RVUBCAE a-Co(OH), Al \C/A B-Co(OH)2, #AJGiE— A s & CoOOH, CoOOH /& MOF it
IEff) OER & PEH L, AR R & BT 5. thdth, BRI IRAL FT-IR FURAL X 5 28R i v ot s B
IEFRMP=4EAT 7 SERT I, Tang [25]55 A AL X SISO 1% OXAS) SR 7T B A0 711 1 285 A i A
Nio.5C005-MOF-74 7 OER i #£1. Yuan [26]55 AFIH JE AL FT-IR JGi 2RI #IXUEE A BN, B-PC)
f) NRR it 72, 1%1& Associate L.

4.2. W&R MOFs
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Figure 5. (a) Crystal structure of NiCo-UMOFNS; (b) TEM image of NiCo-UMOFNs (The inset shows the Tyndall light
scattering of NiCo-UMOFNSs in an aqueous solution); (c) HAADF-STEM image of the (200) plane for NiCo-UMOFNSs show-
ing the hexagonal arrangement of the metal atoms. The pink colour represents metal atoms, blue is for light elements (carbon
and oxygen), and green is for background; (d) TEM-EDS mapping images of NiCo-UMOFNSs; (e) AFM image of as-prepared
NiCo-UMOFNs, showing measured dimensions of individual flakes; (f) Polarization curves of NiCo-UMOFNSs, Ni-UMOFNs,
Co-UMOFNSs, RuO2 and bulk NiCo-MOFs in O2-saturated 1 M KOH solution. The dotted horizontal line is a guide to the eye
showing a current density of 10 mA-cm™2; and (g) Tafel plots [27]

[E 5. (a) NiCo-UMOFNSs B4 & {44544 ; (b) NiCo-UMOFNSs 8 TEM BB & (GGE 7R T NiCo-UMOFN ZE7K5A:& # 4 Tyndall
SFHET); (c) NiCo-UMOFNSs A9(200)FE A HAADF-STEM Elf), BT &BETH/NBOEHTI. MUERREEE
F, BEBRERZITEC M O), FERKERE; (d) NiCo-UMOFNSs B TEM-EDS BREIEI%; (e) #I%&HI NiCo-UMOFNS
B AFM Elfg, BREMNERBMER; () NiCo-UMOFNs, Ni-UMOFNs, Co-UMOFNs. RuO, F#4K NiCo-MOFs
£ O258H0 1 M KOH &k ER L rhZk, KFELEXTMERERE A 10 mA-cm2; (g) Tafel BhZk[27]
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7f OER 4k, thC4H AL HHERER T W48 MOFs (N H . Tang [27]189 A EE T LA Ni Al Co £
M OER VEMEHULI —4E 5 L MOF 92K k3t i HiL (i Ak OER (1R (K] 5(b)~(d)). i FH 1 B (1388 75 7
PG T BATB YK R TR 30 A G 04 JE A HLHESE(NiCo-UMOFNS), SRR R 20N 3.1 nm, 2l 2.9
nm FJEIRJE (] 5(e)). A NiCo-MOFs I s &£ 14 K F (] 5(a)), Co H1 Ni Ji-7-#F/2Hi 6 > O JiFACfr
)\ 44, i NiCo-MOFs Hi T 5 R i 4 J& Ji 15 7> 2 1L 1) BDC oA, 1R w]RETE 5 85 R A i hr
A4 @ AT o ZERRME FLAR T 1.0 M KOH 1, NiCo-MOFs H %% 180 mV [ it B A7 sk G5 3 10 mA-cm2
1 L 3 FE (1) 5(F)), R F R RuO2, FLESFE/RALRN 42 mV-dec™ (] 5(0)), RILH SR Mgl 712

Bi T R 4k 5 s MOFs Il =4 Il MOFs 4, —4E MOFS t52 2] 1] 2 {1 %% . Eddaoudi [28]%
AHE T B ZBR HHINERI WS R Sq-ZBR-MOFs, E A —4E4ERIESH, HAE S =4 MOFs B H
e ) RT3 R IR 7 20 IR TE VR AT R B, LRV ) OER MERE RIS E P .

4.3. MOFs £8&#H8

A SR (GO) M kL B A i EE R AR A s 5 PR S A i, MU R R I B A MRl —. 2017 4F,
Huang [291%5 \KH T RS O BETH SRS, I EE T 485 s MOFs 9K 1 it — b X se gk i 5
i MXene UK AT E A, SEIL T 4ERRHAI RS 1E£R U(RP 2D/2D & HRL, Bl #5() TisC2Tx-CoBDC
SAEMEUEILHE T 581 OER P£AE(E 6(a)). 2021 4, Zhao [30]F1[HZFH ¥ it T MOF-f1 2G4 K E &4
Kl NFE-MOFs/G, B4 MOFs B 15 5] 7 B0 /E £ 5545 |, NFE-MOFS/G Lt 54 ] NFE-MOFs F17 A
Ir/C AL 7RI BB A R AL PERE (] 6(D)). FIRMREANARAL T OER IR, 1 HH R R IS
7L DB 1rO2, 9 SEIL B BRVR e 4 5 A GE DRI BT T RE 1 HT iR A%
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Figure 6. (a) Schematic illustration of TisC2Tx nanosheets and LSV curves [29]; (b) Schematic illustration of NiFe-BTC MOF
and LSV curves [30]

[E 6. (a) TisC2Tx HUREEFN LSV BZk[29]; (b) NiFe-BTC MOF RYRE[EIFN LSV BhZk[30]
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5. FTF£7KEE MOFs E ek
5.1. MOFs B 674 L5
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Figure 7. (a) Preparation schematic of hollow Mo-CoP nanoarrays; HER performance: (b) polarization curves; (c) stability
test results. OER performance: (d) polarization curves; () stability test results. Overall water splitting of the electrolyzer (Mo-
CoP//Mo-CoOOH) in alkaline electrolytes with post-mortem study: (f) polarization curves; (g) stability test results [31]

& 7. (a) z:L> Mo-CoP #KBEFIRIHIIET 2 RERE; HER 1H&E: (b) RILBhLL; (¢) FREMMIXLR. OER H&E: (d)
WACRZ; (o) FREMMIKNLR. B (Mo-CoP//Mo-CoOOH)7ERH 14 B fR R PRI B Ak R MERE: () tRILEIZ; (0)
TREMNIRLER(31]

Wang [31]%5 A\ H)JE T MOFs T4 %50 Mo $2% CoP (Mo-CoP)4 KEE[EFI/E CC EA K, H4ZRE
T S5 75 AR XU B FE A A B A K A i . 23 7K A S BRI S PRI AL A, B 7(a) B, 45 R0 BT Co-
MOF K BEFI 55748y 2 FLE5 K6 (1) 25 0> Mo-CoP AK e, I8 A 3548 CC MIBRZF4E 1. X T HER (&
7(b), [ 7(c)), Mo-CoP HLHLAE FLIF 25 o 10 mA-cm 2 (L A2 9 40 mV, @ (KT CoP (160 mV)F1 Co304
(242 mV), XEWRE B Mo 2% 7] DLUKRHE & LA ) HER MERE. X5 T OER (&1 7(d), Kl 7(e)),
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HFIES AL RS, Mo-CoP BHE R A1 4L Mo-CoOOH, Mo-CoOOH 7£ HLf % 4 10 mA-cm2 ]
T HA7 R 305 mV, KT CoP #7451 CoOOH (323 mV) Al Co304 (356 mV), #t—3LiE T Mo 45 2% itk
SN Btk . HET Mo-CoP K LATAEMN F 1 HER A1 OER 1EAE, #E— Bt 4K a itk BE (18] 7(F),
Kl 7(g)), &I Mo-CoP Fl Mo-CoOOH ZH Ak &= TAF KA A 1.56 V, LTF A PYC()/It/C(+) K &,
R H A KRR ISR R 5

NT T f# HER Al OER (3G MLE], W E KA DFT KAFF Mo B2 15 . fix fe il i 38 4 dr R
B, ZHEA T A ERERTIE R T LA R R : (1) Mo FIBINFRIE T REZ; (2) B ZE 2L
FEAK RSS2 5 00 S B A s AR PR 28 A4 (3) ARSZ R T B R AR = T R

5.2. [Ei& MOFs £ 3945

5 MOFs fiTZEVIAH L, ELILAE AR 4G MOFs 119 2K i AL 77 T DASE S iR I 7 I IE 454 . K
¥ LE R RLRT T eI VS PEA s SR, KM MOFs 1) 3 B Wil 5 72, 3 2 PRI LA 7K 43 A o 2 P
H—A28 F5 b, IR R MOFs REfg S it N i HER PERE, (45 PBAs, X2 545 MOFs
TER R REREAL R ) — KFEG .
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Figure 8. (a) Preparation schematic of CoFe-PBA NS@NF; (b) Chronoamperometry measurement of the overall water split-
ting at 100 mA cm™2. Inset figure: digital photos of overall water splitting configuration driven by a single-cell AAA battery
with a nominal voltage of 1.5 V in 1.0 M KOH; (c) LSV curves of OER; (d) LSV curves of HER; and (e) current density-time
curves of CoFe-PBA NS@NF-24 during OER and HER processes [32]

8. (a) CoFe-PBA NS@NF #&REE; (b) 7E 100 mA cm 2 &7k R ITATE M E (HEE: 7 1.0 M KOH kR
HEEER 1.5V EIET AAA BRI /KRR EMHBRDERF); () OER B LSV Hi%k; (d) HER B9 LSV Bh%k; 0
(e) CoFe-PBA NS@NF-24 7£ OER #1 HER T2 Fh BB SR 22 & - A a] 2k [32]

AN ATIABEE, Wu [32]5F NG R F 8] 2 A i By, ZEVER EE(NF)FE R _L i sh il & T8
## Co[Fe(CN)s(NO)]-4H,0 4K Fr[551, R T —Fh 3 L HEEXThREMEAL T (dr 4 A CoFe-PBA NS@NF), Hi
TR KRN, &7 R 8(a)fan. fEMMETIF, A48 O FIAFE S BT N EE THELL
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TR OB 2 . AN, S E R S A ) BT AT R T AR AR, iR T CoFe-PBA NS@NF
FEMEAL I AR A ORFE ) R TGP AL o AL, GK BESI S NF 28] B B A MU ik 7 PBAs MEHAAE
SHPEAS R )8, R ] TR SO AR R E R A TR o 15 8 T IX L REfR %S, CoFe-PBA NS@NF
FEGPEA BT b I 70 HER A OER MERE, 73 {7 48 F1 256 mV [Ikid Ha A7 RIA] A 3 10 mA-cm
M HALE B, HZRad 24 /NI v T S AT L, B R ) AR e PR (K] 8(c)~(e)). oI,
42H %¢ )y CoFe-PBA NS@NF//CoFe-PBA NS@NF Hifig it I, AN 75t i 1.545 V 1 B3 s BRI AT DK 5 10 mA-cm 2
R FL K S SR R (5] 8 (b)), MEREELZ AL T 40/ PYC@NF//IrO,@NF R 4i(i# 1.608 V), M [ HLAE
SR K HL AR R R BRI 7D

6. RESRE

HAL 22K AR — PR RREE 0 RBEACT B REIR AL BOR A9 R SR SR AR B HE I ) A 20
7, R BEAREHAHEN AP : HER 1 OER. MOFs M RME 8 3 & B v] Y- (4544 . m LI
ey LRI ARAN 5 T DU REALSE IR A, CRGIE IR ALK sk b B T R A R 57 . ASCE I MOFs it
793RG, WHAE HER. OER VLK A Kl IS A FEBIIRHEAT 1 15 SRR 4, [RINA Y 41 1 2 R T L fie
stk AR RE SRR E P MOFs ZEGEALFR B it n%, BIFREAIR T —4E 58 MOFs II& MEAR . A
YR8 AL T st MOFs PR RS IRAS S A LUK e s % MOFs MRHKIRG Lo e . IX 2L 5
fsiiti, AL R PERESR Bt 1T J15H#

A B BT A SRS, MOFs JEAEALFIZERRIE FL K WUk L UG 1 R kR, SRR AR TE
HLAZK U, AT /D Bt & AR BT ERAR 5 42 8 1) MOFs ADRHA: RE BB %14 31 53 42 J8 S H (W0 Pty 1rO, Al
RuO, Z) EAL I B PERE  PRIE, RORT MOFs AL £E HL AR /K SR i 7T, A 7 i i ik — 2B 4 fk MOFs #4
B & BT S BT A HUECR IR P U JG AP Z, il 2 t BA 58 pH &I . S mfiE LS
PEFIRS E PER) MOFs Jk F il K M4 7)o b4k, BT MOFs FHRH® AL SRR SEBR R, A5 75 5
iSSPk . BARTT S, LBt AT P2 — A S ) —— K 2 Ay WL A A1 s 7 9 751 £ v Pl A ™
HLRI 7 MOFs JEAEALT I AMUBEA ™ o BUAh, & BRI K8 A PE AT RT3 A E Ve B 75 22— 2D A, DAk
ST 2 B S LSRR R 6 A T AR . 3 — D R PRARE FEKE MOFs JERTRE M SIEIG 5 ) 25 e 1)
MV KA Gy GR35 LA ERAN A Sk ) — EvE o B 2RISR, MOFs R1RHI P 5 AT fiE
RRAERZAA, AR A BT HERF A0 BE AL WA R 1R L

SR, BTG IR REE B ANWTEED , RO 25 &0 R AR AL BOR A B TH 5, R A B
MOFs #4 BHE f il K A2 30 A8 4k, SR NELAE MOFs AR SSATLER, e SLBG FE S5 4 (kG B A 22
MNT R 24 i BT FE RS 2, BEE B TCRI AR A ARIBOR KA BTt , MOFs AR B 7E ri fif /K sk
FAETEINEERAERT, SIS RE R 0 AT S A R A TR
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