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Abstract

Metal-organic framework (MOFs), as a novel porous nanocrystal material, has the characteristics
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of high specific surface area, structural diversity and component adjustability, which makes MOFs
materials attract the research interest of many scholars in the field of electrocatalysis. By loading
metal nanomaterials within the frame, the potential applications of MOFs can be further expanded.
On the one hand, MOFs materials can effectively regulate the structure and morphology of metal
nanoparticles, and on the other hand, provide a limited environment or interface structure, which
can inhibit the adverse effects of metal nanoparticles in the catalytic reaction such as dissolution
and poisoning. Thanks to this, metal nanoparticles/MOFs composites are expected to break through
the bottlenecks of poor stability, high cost and low catalytic activity of current electrochemical
catalytic materials, and inject new vitality into the design, synthesis and application of electrochem-
ical catalysts. In this review, we summarized the synthesis strategies of metal nanoparticles/MOFs
composites. In addition, we focus on analyzing the synergistic effect between MOFs and the two
components of metal nanoparticles, and elucidating the relationship between their structural prop-
erties, active sites and their properties. Finally, we look forward to the challenges and opportuni-
ties of metal nanoparticles/MOFs composites in electrocatalysis.
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1. 5|15

1995 4 Yaghi B 5T BIBNE IR H “ @A NHESL” PIMES, &8 A MLHESE (metal-organic frameworks,
MOFs) 3= L2 §8 — 2R & @ F7 SAVE WUE BRI R0 SR 2 FLARIL] [2] [3]. Ha T3 & o vk g
R RAEFARMIERE, Ed XML HFER, MOFs #RHFEFIRE Il sk TR R . H+ MOFs #4
BHEA R 2 FLHESE . 2RISR LR 2 & L mT RS I B RO (b 25 45 M SR v, (3L AE e 2 i AL sk
INYTFEAG[A] FRIKHIALS] . FEARK 6] —EALRE JR[7]25) R 0 AR S oAb PR . SAE4EH)
FDAEALTRIAELE, MOFs ARLE A B i i LR T AR BB 16 5 [ B A 3 B 4 g 4 [8] [9]. 45 & @ 4K
KLgE Git,  FEI I A M DL R s AR R T 4% e & S 9 K R 5 e i 20 & B A R I v
I, RN RH MOFs AR 9 /& H A A TR R A Je 13 3201

MOFs #4RHE AL 7 TH A 35 B MM MOFs 450 E A& SR im0 s, XS PEAL S R A LR
PIANSKIR: 1) AEFIE)E 0. MOFs MOEHAR B (14 & 37 s il LS A HLECAR R AERCAT, 87T LS & R
TR R o FREAT OO, 38 I ] R A 3 7 AR BRI 0T, INITTELR B MOFs M4k} As B 25 #4)4¢
AT DL P A AN RO, ) 4 & R0 [10] [11] X S AN AN 4 rp 0o 3 I A FL A 5 26 2 MR 1k () % 5
WrERhr i, BT SR B2 OSER BB E R, HERDUNEEN: . Foe i 427t 2) MOFs
MRHE AT DL B A HLBCAE, REE B REI/E & . MOFs Hi U S 7E B i | 54 7E & A% MOFs J5id
W EABM R TR AT I o IR SSRERE N B Re A Re SR (RO 0 22 L PR =& TR MEAL A, 91 40-OH. -SO4H
LB R RSB IE O 55, ZEBARI-NL -NH, -NH ZEF N BE9E A MOFs 454 s stz i [12] [13].
b4, B R LLATE MOFs #MOEMMBAE BT K M BHEE K 2035 MOFs PR« iX 28225 1211 . ARk J5 ) MOFs
ML EA BRI BR L AGZEREAE, JRE 8 B 5 IRONOGE A & B 1) MOFs APRM A T T K I ¥ e 2 ]

To AN G o rhoL HElE, I8 SR He A HLEC R SR B 0 2 2 MOFs AMPRHWISE MR 3, Rel vt
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TIMEA G FIFLAER AR TR o BRI 70 AT S0l — 20 AR ) FLAS R 7 30 2 B
FEAVERE B AYI, B AR R MOFs A RLZ B (P FIFE A, #E—5 315 s gl o Ak
VBRI A TH AR A AL R [14] [15] 0 TE FALZE ML OB, HEAL BRI 35 0 BN 93 RSN ) 43 )
PURRURL, X EE 4 JR R BURL T RSE N, R B R m R T RE, AWM HER T % ERATRE,
TEA B FE AN AR 5 I R BRI G, SRR S WS AL R RS, AT 500 <63 40 oK ks
(R ALTE PR ARG E PR [16] [17]6 T K2 ATI8 S SR A 2 22 0 1 2 TVt 1 791 A 3R 2 475 ek s S P (PVP) [18]
[19]. VHAZ(OAM) [20] [21]. B-3AHIE(B-CD) [22] [23]4%, 7Rol KA db 7 S B, AR e K
NG TEARS T A BRI I I 4 SR A K R [24] [25]. HR, 7ESZBRIE BOLRE T B T 5N B N B
A AR, SHEAR N FZERBFIEIEN, SECERRE BRI G 2 EK. h T IGAR IR m
UM, RAFR M O E A AR, B AT 22 & B KR S 2 L MOFs #RMHZS
G, HlEH— RIS EME. XETEMET, 250 MOFs MR B FLE5 M FE it 1 7 A PRI
M, AT LUA P & R gk BURL A R L A, FE B MOFs LI AT AAE R S S A B I 5 7 42 [26]
[27]. & BYPPKRKLE MOFs & B85 T B & IR 45 K BURL/MOFs 54 1 RHG 2 ) I 5 # A0 R £
#, BRI MOFs 4170 SHMEZ, HATERIAE /) Z RIS, IRk T 50 & 8 9K FIURL 2H 73 25 1) R
R EEZE R REN, AEE Y S A MR R AL SIS & 32 0T

TS E T E S RAEF AR G R, SJRAUKBRI/MOFs 54 Mk il £ S0 FI7E B 1L R
L BB T AR 2 4 ANBE H SR . BATO IR JLAE I AR T BB 4, SO T IH90 8454 8 gl
KEUR/MOFSs & & M EHE B AL SN (1 R R « TEIX R SR v, AT E LR T 48 99 KBk /MOFs
EEMEBHIEGRITE. R, WNEBACKEBRIMOFs B4 MBI H0 2 M EERME R L, BgH
A — 22 F AT TR R BB AR, B RO 4 B 9K BURL/MOFs &2 & A4 BHE HL AL & It A1 A E M B4 T,
N AR S A S N R RO A AR S AL R R AT, AR L AR P AR AR S KR . BE
TR ZE R YUK IBRIMOFs &AM EHEIE Bk LB DL AR IR B AT 5, 30 FIRs| 36 2 17
BN 4 B 9K BURL/MOFs & A M RHEE A 77 (1 1825 Fn il 37

2. ERIPKFA/MOFs EEMBBIFIE X

BT < B 2K BRI /MOFs S 544K & RN AKBRLAN MOFs PIZAL 7 4lik. ik, WL G
B Wy BEAT 7398, REBCA T LA7» =30 1) R < 9K OREL O T XA DA S MOFs M1 R — il IR &
i) 2 < 9K KL T 70 U MOFs MPRE N IS AR R TN Z 4 kL. 2) SEilil & S m ghoKBoRe, 285K <
JRAABIRLE MOFs e MIE U & 2t <8 Jm 4R R UKL B e /2 MOFs AR N I S 44 k. 3) “—
%" % R PR BRL/MOFs EEFRL, XAl & R IORE 6 9 KR T RO AT IR 1A 5 MOFs (14T 3 {4 L
TR, (155 B AKKLT A1 MOFs M4 RHAE K RIS HEAT , B Jmilid - A0 2 1A B A ARTE E Sk

2.1. 5ei#l#E MOFs kB R & BAKTR

TEX P& BRI /MOFs & & EHE RIS . MOFs MEME N ERAEL, 4 Jm 40K I0RL A Al 3K
PRI I ORI [28] [29] AAHUTRA[30] [311F0[E AT BE[32] [331%5 ik, #EBRHITE MOFs AL IR =
e, TR MOFs #4145 M RF1: 23 BUE: SR 4R IIURL, 7 HE S B 1) 4 J 4N Rk 1) A K AN A 5
SR I IR JE ) (U A AN AE) BN SR (R 55 77 B4 TR K BRI AR X MOFs #4 k)
U RTESAE 1 [34].

H AR, WA MOFs d AR 2 & 8 5T IR W, 1 B A g i AL R B R 1)
HBEN MOFs SRR PIHS, BERF, @ 9RIBURL I T MOFs Sl A i 25 i Y, 4@ 9 RS0k B 7T DATE
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MOFs ¢ A3 A Kt m] AFE SR 3B 2, 2 b4 B9 KR /IMOFs & & A B Ih & iR -

Hu [35]55 N\ Jk TV B0R BT R SIS T R 1 — P el SR IR 5w, AR T ZI AR IRIE IR AR 45 &, “PRABiE”
il & BT WAL A5 # 1¥] MOFs i AR 22 5P A A ) Th BE G K R A A 770 () 1(a)) . il 119 PUZIF-8 1E
Knoevenagel & INEUR N R I RAFITERE, X EEE ZIF-8 FAAfERSL, 88 T 2 1iE AL,
IEAME T R Pt PR B N AL SR A0 DTk 1 5 2 SR RIAL AU (1] 1(D)). %G SR ng iT DAY e 2 HAth
R MOFs Mk}, X I TAE L4 MOFs kL, FEEIhRE M 48 40K BIRL/MOFs &4 M RHI 2
FHlZ —. Wen [36]55EWF A ERIE T HRARIE BT 5. MATUAA R &8 17 S E NS, Hil& T — &5
B YIK F TSI IEZE MOFs @A B (NMOFs),  FF ik Pt 9K ik 3 24 7 X 26 NMOFs 1, MIfi
15 Pt@NMOF-Ni FIZKE AR 1(0)~ B 1(d)). AT ey Sl i ik 1 =5 AT B oA ) A9 e oh & ) 7 B v
YUK B, ARERXFPEEGE TE R 1) NMOFs SR AE JvfE EA0RE, TSR VE v & @ B SR R i34 7R 5t
AEFE, ARG HEATIE AL ELE: Pt 9K 78 45 35 7E NMOFs #18F E (5 1(e))o X0 TAEXHZ B FE & i 4
JE IR IRLIMOFSs &AM BHE & PR L3R 4 T JIHER

FEIXFPA RTTEH, MOFs @bl 51 N2 & A G a8 i kA s i It 20k & . A NEBME RS
i 4 JE AT IR AR B K #2375 ] MOFs @A i B s B b o Bl 5, 4 BT DR A4 bl 10 S5 R B AR oK kL o XA,
JEAEFE B 4 8 49 K JBORE ) K /NRTFIR S i s 2 MOFs B 28 Jis v o S0RE (RREAZ 20 AT Bk T 4 J8 B B A
FMOFs, #i5r & @ Bk iA ] BRI INTER T, &5 1E%, BEWA R & EyrKBkS MOFs ffkz
A IR B T EA R TS AR DURUR [ R BIEBET ,  Ae i A R0 &8 il Ik 5 MOFs @ iA7E
WA B Em e G, WA RO A MBS RAF @505, AR Tt SR A K &R .
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Figure 1. (a) Preparation of Pt/M-ZIF-8 catalyst through the encapsulation of polystyrene spheres (PSs) and etching for the
two-steps catalytic reaction; (b) SEM images of M-ZIF-8 obtained by etching PSs [35]; (c) Schematic illustration showing
the synthetic procedure of Pt@NMOFs; (d) SEM images of Pt@NMOF-Ni and the corresponding Pt, Ni, and C elemental
mapping images; (¢) HAADF-STEM image of Pt@NMOF-Ni [36]

1. (a) RABEZHHKOIIFIMZIEFE PUM-ZIF-8 4T, AT ALEIRE; () %l PS EIRFEIA M-ZIF-8
B9 SEM E%[35]; (c) Pt@NMOFs & mkidi2/REEl; (d) Pt@NMOF-Ni B SEM B FIXT Y Pty Niv C JTERARETE
1&; (e) PL@NMOF-Ni #J HAADF-STEM [El{4[36]
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22. HEBERARFTABEE MOFs &k

TS A% O ) NG B PR ORI E B3 k% o (2 (3 MOFs Sl AR TE 4 & 9 K SOk 2 11 A=
KEH A, TR R A K ORI /MOFS i R (1A% 7. 45 4] o L 1K Fh -G 1 SRS H T 40 J 4 K SR 114 5 PR
TEGIN “RELET” (40 PVP ) 1E RN SR 11 MOFs @AM i, &5 MOFs S A H B,
B34 e (RS B YUK BRI R T . &8 4R BURL f T T35 & e mT LU ik 58 0 2% 5 b i =45 40 7 FITE S,
I AT DAd s 15 42 SR oK BRI R TR “OREE5 7717 108 BRI e A B ) MOFs @A Rt (R X
T7 ARG R BRSO 2 2R RN 6 JB A KR  T- MOFs g4 IR A B B TR H
I, MOFs A& HESERR T ZIF-8 PLK UiO %5— RV Z 1Ak tb4h, BHT&mMgeRBki I A
TIN50 4 R AR KON 2 T R & AL AU B — 58 BB E I BAE AR RS TP AR AR TS B o

PA@UIO-66
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Figure 2. TEM images of the as-obtained (a) Pd NCs and (b) PANCs@ZIF-8-100; (c) HRTEM image of Pd NCs in Pd
NCs@ZIF-8-100; [37] (d) Scheme illustration of assembling for PdA@UiO-66, PA@PtNPs@UiO-66, and hollow Pd@PtNCs
@Ui0-66; () Pd@Pt nanocubes, PA@Ptyps@UiO-66, PA@Ptyncs@UiIO-66 [39]

2. (a) Pd NC #(b) Pd NCs@ZIF-8-100 H)ESEHREIR; (c) Pd NCs@ZIF-8-100 #1 Pd NC #J HRTEM [Elf%; [37] (d)
Pd@Ui0-66 PA@Ptyps@UiO-66, PA@Ptycs@Ui0-66 Zi1L¥fl 5 RREE ; (€) PA@Pt 4HKIL 51K, PA@Ptyp@UiIO-66,
Pd@Ptycs@UiO-66 & 5T EE 45 &% [39]

Xu [37] S Fo R FAi T8 — b 17 (58 1) S, AT DA RSTA8/IN ) Pd 9K R0RE R 5 (1) 73 BUE ZIF-8 g iR ) N
(= 2(a) ] 2(b))o AtlATTE SE I I AR A R TV £ HRST RN ~T nm (¥ Pd 3777 744 J8 4 oK ik,
FIHH(100) [0 [, FE& R i hn PVP 1R R a5 877, REREAZEE ST Pd 9K TESA R
fIME, AT LLE S MOFs Sk 15 AR K (] 2(c)). it T B WE &I, M ZIF-8 178 Pd NCs
Je, 23t 100°CHALEE SR S I B4R, Pd 48 40K BRI L RAE ZIF-8 dbAR i Fpot X 45K,
KIS Pd NCs@ZIF-8 & A EHI RS 9~75 nm. W58 AT 122038 A A BRI B2, B2 ik 3] 400°C
B, ZEMERSTEUAE, WA RIHEHARRE, KUY ZIF-8 1IaE, ez il4)8
YRR A5 o X IUCARIE 1 5INJESR. RT3 (0 4 S8 9K RORL 6 J5 24T ZIF-8 AR K axX T Sk s
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SEVISEATAT [

UI0-66 124 “WI " MOFs ik —, W4l FRAE V78 & Jm A K RBORL I AR M B2 —[38]. Liu &
BB\ SEE s T 505U PA@Pt X J@ 4K Rk, RSP R/NA 21 nm, Hor PA@Ptyes LA 2.6 nm [ Pt
& BFIE[39]. WA ENIRFERE R ITE:, L PVP A ZRRAE N F LK 4 8 4K ki A 1 ZE Ui0-66
(IAZ o o IS FE GRS T R R TH 4 21 4R K UI0-66 55, & T PA@Ptyps@UI0-66 1% 72 5 &4 LK 2(d)).
TR, K PA@Ptyps@UiO-66 4K A A ENZ NIRSEEH, SIS Pd HIJE L, AT 9h K SR 5 A 4l
KALTT R 3RS HARFT % ] Pd@Ptnc,@UIO-66 A4 KL, tEAh, FFFAFNTEIRTL T PVP X T Pd@Ptycs
@UIiO-66 & &M RHE s E B, K04 PVP Jl ik At AR M B (13955 T U10-66 7E40K 3L 75 14 PA@Pt
RIS . E3A PVP ST, T4k 05 Pd@Pt 545K )\ HifA UiO-66 1115, Pd@Pt %4 #t
UiO-66 i} . & Bt 24 i 100 mg PVP, 15235 51 5 73 # 1) PA@Ptyps @Ui0-66 1% 72 2 G4 EH(E 2(e))
SEEGEE R TR I, PVP B K T SR 9K PR R 11 A LUBF A1 5 . 4k, PVP A RS &8
YRR R T R AP HEE A, T ) — e Uio-66 AT MIAR h SHCARIER:, (Edk T 57 R 450 T il

23, “—8RE" BIEEEMR

Li [40] B HABARIE 7 —FoBi iy 30 K48 40K BUR/MOFs & &M BLHG BURES , E AR INAR & 71
AL JFEF GO, i EERE S N N-ZF LB Z(DMF). Pt 48 [T 344 (H,PtCle) #l MOFs i Jx 14,
MOFs &4 i LATE JEA 1 1) 4 T 40 K 0k 2 T R BRI 2 B AL b s — 25 2285 D V38 FH 1 45 ol
MOFs fhfA, 4% s I Pt@MOFs A4k, 1ZMRLEA S50 Pt 9k Bk, H%
SPAEIS] . SREREE AR, XGRS 1K) Pt@MOFs PR G AR I H 225 1 9 (1) 1 Ak v M AN
WHEE . Zhang [41]550F 70 16 NI MT AT CR3 FRE R 264, DL &\UK & A b #5 (ZroCl,
-8H,0) B R IE(bpde) F Pt-(11)- AL e FL A4 (Pt(11) (Ph) -bpyde) fE i 4d 5k, DAZKH R 9 MOFs
e AR BRI, 76 DMF R 2640~ — D2 34501 % i 10% Pt@MOFs-T3 &A1 kH(E 3(a)). 1XFf
TE T TR IR e 75 R AT SR 1) 4% 0 10% Pt@MOF-T3 & AR EA KR A I =45 55, MOFs 25 i
WIERL T 3850 A SR BF I Pt PRRL, 3 32 5 (R XU e B 21 T s & A e e . tb4h,
AR 10% Pt@MOF-T3 & &A1k 5-58 H S MR (HMF) I N &8s b B 35 R TE PR 1k . TS H0
ALY RE T T IR T 20 B R 4 Pt 9K BORL AT MOFs @ ARG 1 s PRSI P [FIVE T [RIE, BBt i 44
£ MOFs HEAL H A TEIRE S | R A WA o I B, AT $e i 1 AR B B (1] 3(b)). FEAERN
R FIAE JE NG G0N, 385 e LW AT JEURE A S RF AR 9 SORE R BE Bt 26, 3t B AR i £03& &
TRATF, 4 EAR ) 4 JB 4K BRI /MOFs A RkE, T DUIBE o ik 22 I SR IR fHORh =4 75 4,
MIF- Pl i i i A 25 58, I HLEUR R B4 F B Re T mT DA R B 27 SO IR 22 S dh AT ek, TS 2
TS5 5 G SRS IR F o

\ ! 100
DMF \F J/ DMF | 27 |
w1y I ‘ |
COOH COOH .
O { :N Ph .
ZFOC'Z'8H20+= + g Sefrassembing . 1ou Pi@MOFs-T3 0/ R EEEEELE

o
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Figure 3. (a) Hlustration of in situ one-step synthesis of 10% Pt@MOFs-T3; (b) Recycling test of the 10%
Pt@MOF-T3 catalyst [41]
3. (2) 10% Pt@MOFs-T3 KR —L & BN EE; (b) 10% Pt@MOF-T3 fE L5 89 ST 3 [41]
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SKIAIER], AR IPUSATE T J7 (EPRGE R & i H Fn =4, BEAS A R LI (8] A AN 2835 A
FERLE AT T T LA e JER AR e 77, e B E 2 I RIETERL sl B, XMk iAr e
ERIRE, RIS e e 8 1 <5 SR AR KL TR MOFs St A ) [ BRAZ ORI AR KT 4, e o i s 2 3
B8 Hr A HLBC AR B RE D0 T R 40 K UKL B SR (1 MOFs &y PR HITBR AR (¥~F- 467, 384t B MOFs dh ik 546
JER AN R IIURE 7353 S FA I AT 5201 <3 a8 9 K TR /IMOF's 525 AR BT B o

S 2, ANF G RS A M B, G & 1 & BRI ELROUE & R S A R & R 4R Bk
5 MOFs FBHAHELIR AR, IR R G RS54 LUR S A AR S5 . o286 B < s 9 oK Bk
IMOFs & FRIAMU BE 05 A ROHUKE &8 9 KUK BR )72 MOFs #1BFA B, 10 H il OB AR & U = &
FORHSNERE — D A — 2 A AR BEHIRIUAA RO AL TR e L 31k R R P55

3. ERMKFA/MOFs SERIHVEL A

EJEPURRBRLIMOFs B &M B & 1 & mAUKBIRL S MOFs M EHIILS, b &N HI S &
JRARBURL ) 1 B RENS 35 MOFs A1ELT U PEREAS L HUBRIG, MOFs P RIHES & <5 & 48 K RORE I BE % A 2L
(P R R, A 2t s i K BRI A Ko [42] . 42 B A KBURI/MOFRs 5 A AR il 2 AN AT LA
AR R AR E P, T ELE S AT AT DLIE R 4% MOFs (45 K M1 <5 JR 9K ORL 5 5, TR\ T
EIRAKBRIMOFs EEMBIRMIMOCR, #— B RERRIR BT, SRIHEWTIR I FEIER, &
JS2 A AP EAL SOV EESR o T R 4K UKL . MOFs MBI AP SRIR 2, AR AT, AR B iR Dt & (Pt
Pd)JE & R AK UKL 5 MOFs MR &, LI R & RAKBURI/MOFs & & RME AL FIAE FL AL - AL
827 T B S P BRIz

3.1. Pd EEBAKRFTR/MOFs EEHHE

Li [42] KL FIPARIE T —FhAE UiO-66 fb AR IUTA DI Re K &M E S fai 500715, IXFhIIREgN
KEEFEN T GPRFOR AT 5 F R AL R AT IR & 2 R B R T “O G i MOFs S
TG BAUKIRL” (50, SR “RUAR” (757%,  CUIE SRERK o BIVE A SN 2 H (157 7K 7 751 A
SR REAMHLEIE Cht 2R 1B A SRR N FLIK Uio-66 kL, KN IE St FH7K A FIAN R,
IKIHAEFR/NT UiO-66 MU 1 FLERARAR, ik 2 A SALAE(PACL) IR /K T T SRR TE UiO-66 HIURiFL B 4 1)
B AL, BEREAE S EBIAEFI R B, 7E IE QAR 5INBR A I, B INAE Ui0-66
KL B 7 — i Pd &8 2K BRI SR g (PPY) H BN K E & 782, %7 =R A MEAE T Ui0-66
TIORE AR 8] PAC, 51 & BIIEIS 7E UiO-66 BRI /MR TH I ST AR S G TE ) o TEIX PR 9K E &R E 1
FEFT , il 4% 1) UiO-66/Pd@PPy 44K 5 A 4RI E At 25 2K oy AN S A B 348 Ji Jse I Hp B AT v i PR AR AR 12k o
X T AR T Pd 48 9K BRI B A W4E Ui0-66 Wik bR & 5ay, N4 BarkBk/MOFs 24+
BHEHI AR H T — R B (& B 7. Ui0-66 14 “ B AL ” MOFs Ak BHE AL 508 J5 [ B (NRR)
T BER N . Jiang [43] 2 HLHAIBMRIE 7 —F#i L) PACu 49K BURL/UIO-66 1R &4 KL (PdCu@
UiO-S@PDMS). filifiT# B & &M PACu 4Kk 3 e fE iR Sh Dh e (LI S B A HLE 42 Uio-66
-SOzH (EiFK UiO-S), it ik i /K % — F 5L reE S e (PDMS) 2 3E— A5 1 15 B A AR A 70 S B A A 855
(&1 4(a) ] 4(b)) o 1X PB4 (1) (i AL FFITE NRR 256 A Jre It e 280 (b A 1 R - VR B8 A% mT BLIA 3] 13.16%,
R PP P A 20.24 pg h'mgy > PEREIZEIZE U T HARK) Pd 484K BURI/MOFs 84k 71 4(c)-
A(d)). WFFEEBE— B TR IR R 2 KL MOFs R I 4% 19-SOsH A R AL FI R 716, A
NRR AL I PP TE 2 1)) 7, PDMS .7 LRI AL T Bk IR BT e 8 G b 7 5 4 T &
KL, FEHE HF PACu 7 55 A FI T NoH R EAAFZ R, BRIR T NRR [IREZ2, M AERE T 3 RIFitE
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e XTI TARMRE 1 & @AKBURL/MOFs Hr2H 7y 2 1] (i [FI44 F, BIE L 375 i 7 A AR i) MOFs 44
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Figure 4. (a) Schematic illustration for the stepwise synthesis of PACu@UiO-S@PDMS with significant functional compo-
nents/units for improving NRR being highlighted; (b) low-magnification TEM images for PACu@UiO-S@PDMS; The NHj
yield rate and FE of (c) PACu@UiO-S@PDMS at various potentials, and (d) the control catalysts, including carbon paper,
PdCu@UiO-S, PACu@UiO-S@PDMS, PACu@UiO@PDMS, and UiO-S@PDMS at —0.25 V vs. RHE [43]

4. (a) BLEM PdCu@UiO-S@PDMS HYREE, HPFRUEERTE NRR MEEINGER /8 T; (b) PACu
@UiO-S@PDMS KK fEZE TEM Elf%; (c) PdCu@UiO-S@PDMS FERFEIEEAL TAY NH; F=2F0 FE, AR (d)ITRREEML
Fl, BIEHL. PdCu@UIO-S. PdCu@UiO-S@PDMS, PdCu@UiO@PDMS #1 UiO-S@PDMS #—0.25 V vs. RHE &)
XFEE[43]

Gu [441F5E NG T —FhAET XA LGB, AR R 6 B0 ER Pd &8
PR RURL A 2 fEERE MOFs LER 3R 1557 L 4 SR 44 K WUk /MOFs & & #1 £ (Pd@MOF-303) . Hiff 7t & 1t £
MOF-303 1 4y F= A1 5 B R A e — $2 R 25 MOFs 2 A HH AR AR /R FR AL N B AT DASH & A& e
BAK P GKBURL, IR IEH M MOFs FL AR . #4k, Pd 5 MOF-303 2 [ (5 AH FLAE F ARk 1
Pd G KR ¥ R AT A A= 0, TER T /NI Pd 4K 0k, T3 PA@MOF-303 & A+ BLEA &1 1)
EAIE I B R B It B . HMF B SEER 45 KW, 7E 1 MPa H, F1 60°C (1l A1 S 2% A4
T, PA@MOF-303 & &A1 RHE HMF 5844k 2,5- 3% H 35 DY SR 01 14 2% ik 95.8%, 3 i T4
FERE o X I TAERTESRAG M MOFs EARMEL, A R e R AR &Sm0 BRL, il 2% my Ui A7) 2 2
EE

Pd 4 JE 41K BRI /MOFs 5 & A RHME — AUk il JR Akt A 2 35 (AL AE A o Zhai [45] LRI 9ER A
—HRIEAKRZNE, G A R T A Pd GKURL Y E 1153 2 2 FLEK-MOF (hMUV-10). JZ IR
MUV-10 5447 Pd 40K BTRLAE MOFs AR N bR TR 7 =F & rs e A i (K 5(a). 18] 5(b)). HF
FEMTMR K, PeAb)5H PA/hMUV-10 CO P& 51k 65.9 mmol gt h™, b H AT St it MOFs JE {1k
FE AN EES, i T RZHENE SRR 5(c), [ 5(d)). FEARXT R 200°C M5
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47K, Pd/hMUV-10 CO f7= it =ik 3.36 mmol g h L AE A E 12, PA/hMUV-10 fFE5E P 1R 51,
76 350°C NELAEIR MR, FEMETIRAT LLZISAN . A T B M AR R O R, BT AT
HERTHE R Pd 9K BRIG3% T CO, WL FftRE /), FRIK T CO bR HIRES:, MM A KRS T CO, it 5
fl) CO =&,

200 nm 200 nm 200 nn¥
—_—
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Figure 5. (a) Cs-corrected HAADF-STEM image of typical Pd NPs; (b) HAADF image and the EDX elemental mapping of
O, Pd, Ca, Ti, and overlap image of 1.5-Pd/hMUV-10; (c) CO vyield and selectivity at 350°C for MUV-10, hMUV-10, and
Pd/hMUV-10 with various Pd loading concentrations; (d) CO yield in comparison with the literature [45]

5. (a) #8Y Pd LK FikiEY Cs #IE HAADF-STEM [Elf%; (b) O. Pd. Ca. Ti#9 HAADF [E{&F1 EDX JT RS IL
K 1.5-Pd/hMUV-10 HEEEG; (c) A[FE Pd HAEIRE T MUV-10. hMUV-10 #1 Pd/hMUV-10 # 350°C TNHJ CO 7=
RFEFME; (d) 530EKEEEA CO =% [45]

3.2. Pt EEBAKFR/MOFs EEHHE

S IRYUKPRIMOFs A M EHME N B B RRIRT S, H2, 0T HEATITE B A8 =B H 1 3)
A BT FONURAE FH BOR 5T M AN BB . O T E— DR TR FIIAYZO0C &R, Unni Olsbye [46]558 Ak
NEE(Zr)4E Ui0-67 MOF H11f] Pt 4K Boki 20 s (i il LS e I 2 A A R s — S BRI U Rk AT T R as
WA sh 712 L (1] 6(a)s [ 6(b)). BEITH G5 A AL GG RAEFNE L2 ok B0 (DFT) B ABARALL 73 b K B
AN U NI I B AE Zr 1 R R R SRR AE Pt oK URL R BRI Zr 5 R R ) T AL T
AP 6(c) 1 6(d)). BIFFUHE R IRAS B AT A AR B, SO A R T Pt 9K R
JEI ] MOF A4k} Stk s IF RS Zr A7 2 AR o X — BG4 HH 0 32 R (R Pt gk s i A K Al R 1
TE AL B A2 v B e Sk R B TF U Zr A7 X T TARFRAE 7 R AOEdE , SER T I MR 7R R
AR B Pt 9K RTRLAL DA Rk = ERE ZreOg 15 iU A LI b, AT T MOFs AR 42 J& 2 K Rk
{14 FLIHDGT Js2 o7 fy 7 B4
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Figure 6. (a) TEM micrograph showing the close packed (111) layers of ZrgOg clusters in UiO-67, with a spacing of 15.5 A
overlaid with a 1600 atom Pt NP in the structure of UiO-67 viewed along (112) which is perpendicular to (111); (b) A 1600
atom Pt NP in UiO-67 viewed in the same direction; (c) FT-IR spectra of UiO-67-Pt collected during CO, hydrogenation
(CO,/H, = 1/6, 10 ml/min, 170°C, 1 bar) at different times (thick black curve for t = 0 min, grey scale from darkest to brigh-
test for 0 < t < 120 min, thick red curve for t = 120 min); (d) Schematic presentation of the postulated reaction mechanism of
CO, hydrogenation to the formate intermediate in CH;OH formation at the Pt-Zr-node interface [46]

6. (a) TEM B#HE R 7R Ui0-67 hEZHFIE(111) R Zr0s 7%, (B8R 15.5 A, 7 Ui0-67 L (112)&EH TF(111)
9 1600 [&F Pt KFKEBSE; (b) 7E ViO-67 FhiftEEI 75 EMERAY 1600 [RF Pt ZKFKL; (c) AREIRTE UiO-67-Pt
7£ CO, ME(CO,/H, = 1/ 6, 10 ml/min, 170°C, 1 bar)id F2HRER FT-IR Jig(t = 0 min FHHEEERIZE, 0<t<120 min
AT REEZIRTMRE, t =120 min FAELI BEIZ); (d) Pt-Zr s Rl L CH0H £ kit 2+ CO, IS4 ak BRER
(B & R IR R A E[46]

& JB PR URLIMOFS AR 2/ FL TR — BLR A A3 O AR 2L, /i G AR 2R L TR
A RITINERRT AR R AR, 0 fh A7) AR A0 A0 A A PR B A ) B3R 34 . Huo [47] KL BRI & T =
FhIE R (1) Pt 42 )B4 K BIkI/MOFs #18L, 735 Pt@UiO-66. Pt@ZIF-8. Pt@ZIF-67. HiT MOFs )44
BHO R 2S5, BETAURMSIARRS, MAUFLIER Pt@ZIF-67 Al Pt@ZIF-8 Lt KFLIEH] Pt@UiO-66 71
ISR B S 6 o eAE, ZIF-67 Hh Co-N BIFEAE IS 5 Pt 4K BURL I L TIRAS, 1875 Pt@
ZIF-67 HAMEHEINER N HRFF TR IR, X TAERW T, @il &8 90K Wiki/MOFs fii
EIREHEATRE R rh, [R5 A DRI 23 (B RS AT 2808, BT DASE AR e B P N S A
R, ST AN 7 T3 A B GO I S

Huang [48] 5 19\ 15 R ARE 1 38 DR i 1 42 505 42 8 B8 7 IR S5 5h 1124, 1F MOF 4K 1Sz
TN E RGN E AR K 8 BT R P IR 5 84 B 4K BURLAE MOF 92K F 1R THIBE AL 4341 »
M4 )8 BT NZRNSIE R 5 304 B 9K BURLTE MOF 9K B i 2 1) 52 1) A e (1 7)o 4468 FH s J5 5] (a2
MR, &@EFEEE IR, SRS BACKBR B, M, AT ERE 5%
§510 < —FE(EG) 1 . £ —FZ(DEG)I}, & & & F IR ZASIE R, SR 5 TRIGTE MOF 4K il & id B 4k
Koo & NENRIRZI 2, PLAK IR AT MOF 942K Fr 2 (8] i s B R 35 4 1 A U RL(HER) [ 14 BE
I BAEFR PRI 261 T, SR AT AT S0 SIS AL T PN RBIURL RN 35 FH PUC BE LA K R A 8L
W F038 AT R B DRI A P 8 P4 va 3 22 51 IR S B ok R FL T PT RE M PR P36 A5 31 O JR T, %iﬁz
PYMOF-O &k Pt IR F 725 E A0 O HI s P25 B, AT 7F HER PEREZHE AT RL . th4h,
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Figure 7. Morphology and structure characterizations of PtYMOF-O: (a) HAADF-STEM image; (b) HRTEM images; (c)
EDS-elemental mappings; (d) Scheme of the oriented growth of metal nanoparticles (Pt, Pd, Ag, Au) on Ni MOF NSs; (e)
Linear sweep voltammetry (LSV) curves of Pt/MOF-O, Pt/MOF-C, Ni MOF NSs and commercial Pt/C at a scan rate of 5
mVs tin 1 M KOH [48]

[El 7. PUMOF-O I SRFNLEHDRAE: (a) HAADF-STEM Elf%; (b) HRTEM Elf%; (c) EDS JTEBRSY; (d) &RBAXKK
F(Pt. Pd. Ag. Au)7E Ni MOF NSs EEE4S KM AE; (e) PUMOF-O. PYMOF-C. Ni MOF NSs #1fgF Pt/C #£ 1 M
KOH hiF##iE R 7 5 mV s ' BTA0Z 14 IR R 2k [48]

fER e A5 A HR )7 152 S B R AR R ) SR8, AT B AR AR s 7 S i 2R R, O T ki
THOLI R A S BURAGIEBER T B, Shen [49]1 K H BIAHRIE T —Fh R F BUBAR £ 4 J 40 K ki /MOFs 52
AWM, RARASRIE Co, N B A FLBK(PCN-MC) Eiil & 1% B 73 B PtCo &4 . SRBK T
FARTE T BEAE G SR 2 T I Rk R 25 B 22 (ZIF) AT Mg(OH), #5b T I SERRVE AT, H Pt i K Siker B o £
Wik L, WESEL BRI T EE 2-3ETEEEN PEEA 2.7 nm PtCo &4&4k Bk, it i8N 4
J& ZIF s Colzn KL, AAL T A S 9K R 1) & SRR FE AR R R~ , & & EFRI7E 0.1 M HCIO,
ORISR T SR A AEGR SRR NS 1, B ES ME A 0.956 Amg,r s LN PUC [ 7.5 £ IX SRR theE
Ho-Air FARH AT /3 3] 7 53HE, 2R BA S BRSNS RS A Y R A & . X
Tolt USSR il 46 SR s A R RIARE & B 1 20 B & A K BRI IMOFs A MEHRE T — 2T 17113848 Yang [50]
NI Pt 115 ZIF-67 fiTAE ) Co/NC Z [H] BI04 HUAB B 4 [ B, Wit T B IG Pt 51211 PtCo/NC X4
BT B S B AR BUR/MOFs &M EHE i T TA JLME R %, AR BT Pt 4l
KIRL Y ZIF-67 B2 B A smAL bt . IR, 2 FLAIBIR T 25 A8 AN A R T A T 2 v ot 5 e 7 (9 A 3k
WAFE 51 PtCo YRR #5 th B 2 (S MO . BHEMZE, T DFT MW RER, REkR
B Pt 5 Co 7 5 MOFs 2K (Al (142 & - #AAH TAEH(MSI), BFEH-F450 . Hifg % 5 B A A e e A
HHREEZI, RT3 PtCo/NC Lk PUC fERE & EHEA . i+ 1¥) PtCo/NC fEALFTI{E 0.85 V FXT ZEE4A
R S (EOR) LA i B B, FFHLAE 10 mA em ® (IBE R Pt HER B 10 mV (L s fz, RHL
TR R

BAR L& B YUK BRIMOFs &AM EHI & BT AR AN FHES TV 2 08 B 18R, (H2 B RThEE
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4

A

RALBAR K FEM T 2 Fa5E MOFs SRR BHTA L, S B4R BURL/MOFs B &M BMRIRAF A — L2
i A R PR AR IR M o £ 5% 8 JR 9K BURL/MOFs B a AP RHA R, 5t 8 9K BORL I RS2 1 A3 25K
HE, BEIR MOFs fLIEM N A AL BLIE 4R T N BEUS AT R Tt <5 JB A K ORL (TR MEERS , (242
< PR TIURE T ) S S 2 HUK T 75 B 4l 025 B B4 1) R Al IR IR 2) S i kiR ik s
3) WHIMIPERT: 4) & JEHTIRAIL ISR 5) MOFs BARMRHFPET; 6) il 4% 5t 48 41 K Uk /MOFs
HEMEHE ST, RETTEN R ERHIE BGR 2 v g PERIPE I [51] [52]. BE4h, ER T MOFs #4 %}
ANEE R ARBURLIZ A E BI04, MOFs SNSRI € B BEIR] L L 5 Bt & IR 9 K Bk A3+ LA
HIBREM], HMEL MOFs FLERIASE 12 25 S2M 5t & Jm 4K WORL (19 K /N[53] [54]. b4k, Ak izl ot e RN
KBUKLAE MOFs MM RAARL B . AR, TESKIAT EHRN KRR /LD il 151 &R 4Rt
Fi/MOFs &P RHIAL R G544 LUS HEALIE R R F AT (AL TR RO AT R RO ek, el T I i ik
REEENEERBIAR, RNPEREL), BN I, IR s s S RS i & i, 0K 25 R
BEE Lo FARIH R 1 AR K o

4. BESRE

MOFs # R BA KK R ATRAIS ST M LR EEH UL K B Dh e 5 2 A, AEAEAL D5 T e 5E
HAEREE ML, BERkit. TPk B MOFs ARSI 1 HFFE & 12 k. i, BT
MOFs APRHEMEALFIII BRG] G A H R R T IR WAL nd sl WLER AR i vt BT AT
FIAE MOFs MR 51 A SR AR BRI 2 i, SROEE 2 TG RO R, DA o6 HH S S e e (i AL S
MR EFEHELT, Hh AN RIS B G R ThRE, e AR AR AL REA R E 1

XTI S, St RAKBURLAE AL R T SO (1 2z —. Bk, BRREir R ¥ 20
B AR SEIL B B RGBS MOFs MBI E &, EEA T LU =FhEEns: 1) K maR Bk 1 /iy
YRR L MOFs #BF—iltii &, il & th & IR 9K 173 BUAE MOFs #4RL P38 LUK R T A 41 KL
2) el M EPUKBRL, AR5 S B YUKBURL S MOFs S SR RARTR &, 2% HRE 42 8 4 K0k 5 25
f£ MOFs MBI NS E 54 kL. 3) “— 8" H % & RAUKBURI/MOFs R G ML, X BRI A €)%
KRR T R ATIR IR S MOFs [URTIRIR ELEGR 7, A3 @ ANKRE 1R MOFs AR B K I 34T, e
I (B B HFTERE AR S RS RS, N TR R KR 5N BT Y MOFs
t, SRAT RS IBIRBTE . XOAANE . R TARDTRNE . [ERRT VR RS iR X
70 TR BAT TR /N URRE AR AT, (BRI 9K T KR/ TR AN R A 2 i AR
X . AT, 5 R ARG LA 5T <R 4N KORE 1 b 8 L] [l 44 1 3 170 42 1 MOFs 44
B — R & B S, TR SRS R AT P2 ) g J AR ORI K/ . TRARMIZE AR 35 = b7 it & Bt
ERAKBKL/MOFs B EFEHR EALKI 7%, EFEERIRG F, (HIE W 75 2 A HUERAR R H B
A SR BUCE RE DR EE H AR & R ATAR,  (HAZ W40 MOFs FHBLAT & 9K BURE ) B AR TH A& —
e AN, ST RAKEURL, B RAE T R AN U < AR RIURL, AR B PR e R AR
FRAE A A R B SE R B B A R

BAR, EJRAURBURL/MOFs & & FRHE ML AU T I A R AT, (R4S & o 08 1R AK
BURIIMOFs B &M ELRE, &RAVKBURIAE MOFs AP EL LRI A b BASRERS 2 6], I B REOh% 42
MOFs #H RN TN, AN 1L 5 R BORLAK TH R BR T BEHL A1, Rk AT DA 20 73 2 8] #AH
HAF RIS A AR 4, SEELe mAUKR BRI A PP A RS, IR BRI BOR . Besh, eJmak
BURLAE MOFs A B8 = (I RS, BERSIEIL MOFs (/. TEARML BAG RIR G A2, T B2 (AR 1
PERE
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BT Bkt FATINERAPCKBR/MOFs & HEH BT FTA N R IR T AN BB IT, %4,
B EYUKRBRIA MOFs BRI . BhAh,  DURFE FLAABEI iR g MOFs Jy kAt 45 14 <62 44 K BUkL
IMOFs E& kL, T AGRIEMEALFI K B R, FRARAE AT A (8 P RleAS FLIE FR 22 57 W] LAY B A% o Rl
FLEEIA S 0 2038 36 < Jm G RBURE ) HL TR VE B A AR PR o BeAh, BUASRIE A TAREGE M B, 5
B A G, AE AR A7) B0 S I o 7 B0 T A TR BURA ) . KU & O FEARK,
W TEE AT 1% 2R & B 2 AR, 22 AL A BT SIS € (1 & SR A K BURL/MOFs R 5418,
AL RAUKIRL/MOFs E& A RHE Tk ERIN . BEAEE 2008 A, FATIRAE & Jm 9K
FiI/MOFs & &5 A1 BHIA KR IR AN SR M A e, e 28 S AL R A

E&WE

ARBFFE TS A A AR E R4 (RS BK20200960). VL5 i 55 4 A0 AR R B & (1 B 5
20KJB150041) R IE K {4 A3 (W B 5. 135421608033)FI R I K 3 51 2 RN A H SR 2 3 4 (%
Bh5: 03083033)% .

&E 3k

[1] Yaghi, O.M., Richardson, D.A., Li, G., Davis, C.E. and Groy, T.L. (1994) Open-Framework Solids with Di-
amond-Like Structures Prepared from Clusters and Metal-Organic Building Blocks. MRS Online Proceedings Library,
371, 15-19. https://doi.org/10.1557/PROC-371-15

[2] FBZexk, FI, ARH, F3k, FEE, BHEE. SBEENE SRS BAKR T 5 G0 BHA H & T H AR R
WEFCRERE[I]. 223, 2023, 81(6): 669-680.

[3] Akiyama, G., Matsuda, R., Sato, H., Takata, M. and Kitagawa, S. (2011) Cellulose Hydrolysis by a New Porous Coor-
dination Polymer Decorated with Sulfonic Acid Functional Groups. Advanced Materials, 23, 3294-3297.
https://doi.org/10.1002/adma.201101356

[4] Zhou, Z., Zhang, J., Mukherjee, S., et al. (2022) Porphyrinic MOF Derived Single-Atom Electrocatalyst Enables Me-
thanol Oxidation. Chemical Engineering Journal, 449, Article ID: 137888. https://doi.org/10.1016/j.cej.2022.137888

[5] Wang, Z., Yu, K., Huang, R. and Zhu, Z.Q. (2021) Porous C0;0, Stabilized VS, Nanosheets Obtained with a MOF
Template for the Efficient HER. CrystEngComm, 23, 5097-5105. https://doi.org/10.1039/D1CE00593F

[6] Yaqoob, L., Noor, T., Igbal, N., et al. (2021) Electrochemical Synergies of Fe-Ni Bimetallic MOF CNTs Catalyst for
OER in Water Splitting. Journal of Alloys and Compounds, 850, Article ID: 156583.
https://doi.org/10.1016/j.jallcom.2020.156583

[7] Hai, G., Xue, X,, Feng, S., Ma, Y.W. and Huang, X.B. (2022) High-Throughput Computational Screening of Met-
al-Organic Frameworks as High-Performance Electrocatalysts for CO,RR. ACS Catalysis, 12, 15271-15281.
https://doi.org/10.1021/acscatal.2c05155

[8] Zhu, B., Wen, D., Liang, Z. and Zou, R.Q. (2021) Conductive Metal-Organic Frameworks for Electrochemical Energy
Conversion and Storage. Coordination Chemistry Reviews, 446, Article ID: 214119.
https://doi.org/10.1016/j.ccr.2021.214119

[9] Xiao, J.D. and Jiang, H.L. (2018) Metal-Organic Frameworks for Photocatalysis and Photothermal Catalysis. Accounts
of Chemical Research, 52, 356-366. https://doi.org/10.1021/acs.accounts.8b00521

[10] Yang, Q., Xu, Q. and Jiang, H.L. (2017) Metal-Organic Frameworks Meet Metal Nanoparticles: Synergistic Effect for
Enhanced Catalysis. Chemical Society Reviews, 46, 4774-4808. https://doi.org/10.1039/C6CS00724D

[11] Wang, Z. and Cohen, S.M. (2009) Postsynthetic Modification of Metal-Organic Frameworks. Chemical Society Re-
views, 38, 1315-1329. https://doi.org/10.1039/b802258p

[12] Ding, M., Flaig, R.W., Jiang, H.L. and Yaghi, O.M. (2019) Carbon Capture and Conversion Using Metal-Organic
Frameworks and MOF-Based Materials. Chemical Society Reviews, 48, 2783-2828.
https://doi.org/10.1039/C8CS00829A

[13] Xu, C., Sun, K., Zhou, Y.X., Maa, X. and Jiang, H.L. (2018) Light-Enhanced Acid Catalysis over a Metal-Organic
Framework. Chemical Communications, 54, 2498-2501. https://doi.org/10.1039/C8CC00130H

[14] Chen, L. and Xu, Q. (2019) Metal-Organic Framework Composites for Catalysis. Matter, 1, 57-89.
https://doi.org/10.1016/j.matt.2019.05.018

DOI: 10.12677/japc.2023.124031 314 YERAL i


https://doi.org/10.12677/japc.2023.124031
https://doi.org/10.1557/PROC-371-15
https://doi.org/10.1002/adma.201101356
https://doi.org/10.1016/j.cej.2022.137888
https://doi.org/10.1039/D1CE00593F
https://doi.org/10.1016/j.jallcom.2020.156583
https://doi.org/10.1021/acscatal.2c05155
https://doi.org/10.1016/j.ccr.2021.214119
https://doi.org/10.1021/acs.accounts.8b00521
https://doi.org/10.1039/C6CS00724D
https://doi.org/10.1039/b802258p
https://doi.org/10.1039/C8CS00829A
https://doi.org/10.1039/C8CC00130H
https://doi.org/10.1016/j.matt.2019.05.018

Wk %

[15]
[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Li, S. and Huo, F. (2015) Metal-Organic Framework Composites: From Fundamentals to Applications. Nanoscale, 7,
7482-7501. https://doi.org/10.1039/C5NR00518C

Zhu, Q.L. and Xu, Q. (2016) Immobilization of Ultrafine Metal Nanoparticles to High-Surface-Area Materials and
Their Catalytic Applications. Chem, 1, 220-245. https://doi.org/10.1016/j.chempr.2016.07.005

Li, D., Xu, H.Q., Jiao, L. and Jiang, H.L. (2019) Metal-Organic Frameworks for Catalysis: State of the Art, Challenges,
and Opportunities. EnergyChem, 1, Article ID: 100005. https://doi.org/10.1016/j.enchem.2019.100005

Xu, F., Cai, S., Lin, B., et al. (2022) Geometric Engineering of Porous PtCu Nanotubes with Ultrahigh Methanol Oxi-
dation and Oxygen Reduction Capability. Small, 18, Article ID: 2107387. https://doi.org/10.1002/smll.202107387

Bao, Y.L., Zheng, J.Y., Zheng, H.P., et al. (2022) Cu-MOF@ PVP/PVDF Hybrid Composites as Tunable Pro-
ton-Conducting Materials. Journal of Solid State Chemistry, 310, Article ID: 123070.
https://doi.org/10.1016/j.jssc.2022.123070

Li, X., Liu, Y., Zhang, J.J,, et al. (2022) No Annealing Synthesis of Ordered Intermetallic PdCu Nanocatalysts for
Boosting Formic Acid Oxidation. Chemistry of Materials, 34, 1385-1391.
https://doi.org/10.1021/acs.chemmater.1c04206

Lai, W., Wu, C. and Han, X. (2023) Facile Synthesis of Hyperbranched Eu-MOF Structures for the Construction of a
CsPbBry/Eu-MOF Composite and Its Application as a Ratiometric Fluorescent Probe. Journal of Materials Chemistry
C, 11, 2995-3002. https://doi.org/10.1039/D2TC04879E

Yang, H., Zhang, A., Bai, Y., et al. (2022) One Stone Two Birds: Unlocking the Synergy between Amorphous Ni
(OH), and Pd Nanocrystals toward Ethanol and Formic Acid Oxidation. Inorganic Chemistry, 61, 14419-14427.
https://doi.org/10.1021/acs.inorgchem.2c02307

Xie, Y., Wang, M., Sun, Q., et al. (2022) PtBi-f$-CD-Ce6 Nanozyme for Combined Trimodal Imaging-Guided Photo-
dynamic Therapy and NIR-1l Responsive Photothermal Therapy. Inorganic Chemistry, 61, 6852-6860.
https://doi.org/10.1021/acs.inorgchem.2c00168

Zhou, J., Lou, Z., Wang, Z., et al. (2021) Electrocatalytic Dechlorination of 2, 4-DCBA Using CTAB Functionalized
Pd/GAC Movable Granular Catalyst: Role of Adsorption in Catalysis. Chemical Engineering Journal, 414, Article ID:
128758. https://doi.org/10.1016/j.cej.2021.128758

Han, Y., Xu, H., Su, Y., et al. (2019) Noble Metal (Pt, Au@Pd) Nanoparticles Supported on Metal Organic Framework
(MOF-74) Nanoshuttles as High-Selectivity CO, Conversion Catalysts. Journal of Catalysis, 370, 70-78.
https://doi.org/10.1016/j.jcat.2018.12.005

Bonnefoy, J., Legrand, A., Quadrelli, E.A., Canivet, J. and Farrusseng, D. (2015) Enantiopure Peptide-Functionalized
Metal-Organic Frameworks. Journal of the American Chemical Society, 137, 9409-9416.
https://doi.org/10.1021/jacs.5b05327

Zou, Y., Liu, C., Zhang, C., Yuan, L., et al. (2023). Epitaxial Growth of Metal-Organic Framework Nanosheets into
Single-Crystalline Orthogonal Arrays. Nature Communications, 14, Article No. 5780.
https://doi.org/10.1038/541467-023-41517-x

Yu, J., My, C., Yan, B., et al. (2017) Nanoparticle/MOF Composites: Preparations and Applications. Materials Hori-
zons, 4, 557-569. https://doi.org/10.1039/C6MHO00586A

Jiang, H.L., Akita, T., Ishida, T., Haruta, M. and Xu, Q. (2011) Synergistic Catalysis of Au@Ag Core-Shell Nanopar-
ticles Stabilized on Metal-Organic Framework. Journal of the American Chemical Society, 133, 1304-1306.
https://doi.org/10.1021/ja1099006

Rodriguez-Hermida, S., Kravchenko, D.E., Wauteraerts, N., et al. (2022) Vapor-Assisted Powder Synthesis and
Oriented MOF-CVD Thin Films of the Metal-Organic Framework HKUST-1. Inorganic Chemistry, 61, 17927-17931.
https://doi.org/10.1021/acs.inorgchem.2c02490

Muller, M., Hermes, S., K&hler, K., et al. (2008) Loading of MOF-5 with Cu and ZnO Nanoparticles by Gas-Phase In-
filtration with Organometallic Precursors: Properties of Cu/ZnO@MOF-5 as Catalyst for Methanol Synthesis. Chemi-
stry of Materials, 20, 4576-4587. https://doi.org/10.1021/cm70333%h

Mukoyoshi, M. and Kitagawa, H. (2022) Nanoparticle/Metal-Organic Framework Hybrid Catalysts: Elucidating the
Role of the MOF. Chemical Communications, 58, 10757-10767. https://doi.org/10.1039/D2CC03233C

Jiang, H.L., Liu, B., Akita, T., et al. (2009) Au@ZIF-8: CO Oxidation over Gold Nanoparticles Deposited to Met-
al-Organic Framework. Journal of the American Chemical Society, 131, 11302-11303.
https://doi.org/10.1021/ja9047653

Yang, W., Li, X,, Li, Y., et al. (2019) Applications of Metal-Organic-Framework-Derived Carbon Materials. Advanced
Materials, 31, Article ID: 1804740. https://doi.org/10.1002/adma.201804740

Hu, Y., Xu, X., Zheng, B., et al. (2019) Functional Macro-Microporous Metal-Organic Frameworks for Improving the

DOI: 10.12677/japc.2023.124031 315 YERAL i


https://doi.org/10.12677/japc.2023.124031
https://doi.org/10.1039/C5NR00518C
https://doi.org/10.1016/j.chempr.2016.07.005
https://doi.org/10.1016/j.enchem.2019.100005
https://doi.org/10.1002/smll.202107387
https://doi.org/10.1016/j.jssc.2022.123070
https://doi.org/10.1021/acs.chemmater.1c04206
https://doi.org/10.1039/D2TC04879E
https://doi.org/10.1021/acs.inorgchem.2c02307
https://doi.org/10.1021/acs.inorgchem.2c00168
https://doi.org/10.1016/j.cej.2021.128758
https://doi.org/10.1016/j.jcat.2018.12.005
https://doi.org/10.1021/jacs.5b05327
https://doi.org/10.1038/s41467-023-41517-x
https://doi.org/10.1039/C6MH00586A
https://doi.org/10.1021/ja1099006
https://doi.org/10.1021/acs.inorgchem.2c02490
https://doi.org/10.1021/cm703339h
https://doi.org/10.1039/D2CC03233C
https://doi.org/10.1021/ja9047653
https://doi.org/10.1002/adma.201804740

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]

[53]

[54]

Catalytic Performance. Small Methods, 3, Article ID: 1800547. https://doi.org/10.1002/smtd.201800547

Guo, T., Huang, Y., Zhang, N., et al. (2022) Modulating the Chemical Microenvironment of Pt Nanoparticles within
Ultrathin Nanosheets of Isoreticular MOFs for Enhanced Catalytic Activity. Inorganic Chemistry, 61, 2538-2545.
https://doi.org/10.1021/acs.inorgchem.1c03425

Wu, L., Chu, M., Gong, J., et al. (2021) Regulation of Surface Carbides on Palladium Nanocubes with Zeolitic Imida-
zolate Frameworks for Propyne Selective Hydrogenation. Nano Research, 14, 1559-1564.
https://doi.org/10.1007/s12274-020-3235-5

Ahmadijokani, F., Molavi, H., Rezakazemi, M., et al. (2022) UiO-66 Metal-Organic Frameworks in Water Treatment:
A Critical Review. Progress in Materials Science, 125, Article ID: 100904.
https://doi.org/10.1016/j.pmatsci.2021.100904

Li, L., Pan, X., Lan, D., et al. (2021) Etching of Cubic Pd@Pt in UiO-66 to Obtain Nanocages for Enhancing CO, Hy-
drogenation. Materials Today Energy, 19, Article ID: 100585. https://doi.org/10.1016/j.mtener.2020.100585

Liu, H., Chang, L., Chen, L. and Li, Y.W. (2015) In Situ One-Step Synthesis of Metal-Organic Framework Encapsu-
lated Naked Pt Nanoparticles without Additional Reductants. Journal of Materials Chemistry A, 3, 8028-8033.
https://doi.org/10.1039/C5TA00030K

Wang, K., Zhao, W., Zhang, Q., et al. (2020) In Situ One-Step Synthesis of Platinum Nanoparticles Supported on Met-
al-Organic Frameworks as an Effective and Stable Catalyst for Selective Hydrogenation of 5-Hydroxymethylfurfural.
ACS Omega, 5, 16183-16188. https://doi.org/10.1021/acsomega.0c01759

Zhao, Y., Li, Y., Pang, H., et al. (2019) Controlled Synthesis of Metal-Organic Frameworks Coated with Noble Metal
Nanoparticles and Conducting Polymer for Enhanced Catalysis. Journal of Colloid and Interface Science, 537, 262-268.
https://doi.org/10.1016/j.jcis.2018.11.031

Wen, L., Sun, K., Liu, X,, et al. (2023) Electronic State and Microenvironment Modulation of Metal Nanoparticles
Stabilized by MOFs for Boosting Electrocatalytic Nitrogen Reduction. Advanced Materials, 35, Article ID: 2210669.
https://doi.org/10.1002/adma.202210669

Wu, Y., Tong, Y., Liang, H., et al. (2023) Pd Nanoparticles Encapsulated in MOF Boosts Selective Hydrogenation of
Biomass Derived Compound under Mild Conditions. Chemical Engineering Journal, 460, Article ID: 141779.
https://doi.org/10.1016/j.cej.2023.141779

Lv, H.J., Ul Hassan, Q., Fan, S.C., et al. (2023) Ultrafine Pd Nanoparticles Anchored on Hierarchically Porous Tita-
nium-Based MOFs for Superior Photothermal CO, Reduction. Science China Materials, 66, 2317-2328.
https://doi.org/10.1007/s40843-022-2388-0

Guttergd, E.S., Lazzarini, A., Fjermestad, T., et al. (2019) Hydrogenation of CO, to Methanol by Pt Nanoparticles En-
capsulated in UiO-67: Deciphering the Role of the Metal-Organic Framework. Journal of the American Chemical So-
ciety, 142, 999-1009. https://doi.org/10.1021/jacs.9b10873

Zhang, W., Shi, W., Ji, W., et al. (2020) Microenvironment of MOF Channel Coordination with Pt NPs for Selective
Hydrogenation of Unsaturated Aldehydes. ACS Catalysis, 10, 5805-5813. https://doi.org/10.1021/acscatal.0c00682

Wang, M.J., Xu, Y., Peng, C.K., Chen, S.Y., et al. (2021) Site-Specified Two-Dimensional Heterojunction of Pt Na-
noparticles/Metal-Organic Frameworks for Enhanced Hydrogen Evolution. Journal of the American Chemical Society,
143, 16512-16518. https://doi.org/10.1021/jacs.1c06006

Chen, Z., Hao, C., Yan, B., et al. (2022) ZIF-Mg (OH)2 Dual Template Assisted Self-Confinement of Small PtCo NPs
as Promising Oxygen Reduction Reaction in PEM Fuel Cell. Advanced Energy Materials, 12, Article ID: 2201600.
https://doi.org/10.1002/aenm.202201600

Zhang, M., Zhou, T., Bukhvalov, D., et al. (2023) Metal-Support Interaction Promoted Multifunctional Electrocatalysis
on PtCo/NC with Ultralow Pt Loading for Oxygen Reduction Reaction and Zinc-Air Battery. Applied Catalysis B: En-
vironmental, 337, Article ID: 122976. https://doi.org/10.1016/j.apcath.2023.122976

Wang, K., Li, Y., Xie, L.H., Lia, X.Y. and Li, J.R. (2022) Construction and Application of Base-Stable MOFs: A Crit-
ical Review. Chemical Society Reviews, 51, 6417-6441. https://doi.org/10.1039/D1CS00891A

Qian, Y., Zhang, F. and Pang, H. (2021) A Review of MOFs and Their Composites-Based Photocatalysts: Synthesis
and Applications. Advanced Functional Materials, 31, Article ID: 2104231. https://doi.org/10.1039/D1CS00891A

Yang, Q., Liu, W., Wang, B., et al. (2017) Regulating the Spatial Distribution of Metal Nanoparticles within Met-
al-Organic Frameworks to Enhance Catalytic Efficiency. Nature Communications, 8, Article No. 14429.
https://doi.org/10.1038/ncomms14429

Kalaj, M. and Cohen, S.M. (2020) Postsynthetic Modification: An Enabling Technology for the Advancement of Met-
al-Organic Frameworks. ACS Central Science, 6, 1046-1057. https://doi.org/10.1021/acscentsci.0c00690

DOI: 10.12677/japc.2023.124031 316 YERAL i


https://doi.org/10.12677/japc.2023.124031
https://doi.org/10.1002/smtd.201800547
https://doi.org/10.1021/acs.inorgchem.1c03425
https://doi.org/10.1007/s12274-020-3235-5
https://doi.org/10.1016/j.pmatsci.2021.100904
https://doi.org/10.1016/j.mtener.2020.100585
https://doi.org/10.1039/C5TA00030K
https://doi.org/10.1021/acsomega.0c01759
https://doi.org/10.1016/j.jcis.2018.11.031
https://doi.org/10.1002/adma.202210669
https://doi.org/10.1016/j.cej.2023.141779
https://doi.org/10.1007/s40843-022-2388-0
https://doi.org/10.1021/jacs.9b10873
https://doi.org/10.1021/acscatal.0c00682
https://doi.org/10.1021/jacs.1c06006
https://doi.org/10.1002/aenm.202201600
https://doi.org/10.1016/j.apcatb.2023.122976
https://doi.org/10.1039/D1CS00891A
https://doi.org/10.1039/D1CS00891A
https://doi.org/10.1038/ncomms14429
https://doi.org/10.1021/acscentsci.0c00690

	贵金属纳米颗粒/MOFs复合材料的电催化应用与挑战
	摘  要
	关键词
	Electrocatalytic Applications and Challenges of Noble Metal Nanoparticles/MOFs Composites
	Abstract
	Keywords
	1. 引言
	2. 金属纳米颗粒/MOFs复合材料的制备方法
	2.1. 先制备MOFs晶体再装载金属纳米颗粒
	2.2. 先合成金属纳米颗粒再包覆MOFs晶体
	2.3. “一锅法”制备复合材料

	3. 金属纳米颗粒/MOFs复合材料的催化应用
	3.1. Pd基金属纳米颗粒/MOFs复合材料
	3.2. Pt基金属纳米颗粒/MOFs复合材料

	4. 总结与展望
	基金项目
	参考文献

