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Ve s, — BEA) T By HUR BT 2 S A Al B (T
g A . AL SRR AR, (TS R AR
MOFs FI A 28 480 1 B JE AT 2. X B AR U,
MOFs f A HLIE AL HA R n-JEHifh &, Boik
5 & @ Z AR AR TR (A BRI R 5, i
<A 25 b T C AL AV AR 201 SORE S T IR AR
WEE SIS AL, BEUIMOFs AR R — A itk
REEAZLAE. BRICZ AN, WAR A A S S LA
PERERY & GBS (e . BRERMERESE DY), ABA N
PRA LY RES 7 AEOL R T, B TAEAL M.

S HBEANIR, K PHGR SR 3 s E IR, i HL T
DAEIZ bR b T AT B ek i AR AR SR U Y, ot AT —
HA R RSO A R HEE, SRS T 2
At RENR, BEREFEMITTY, 6 REA G R R4
PRAEE G LAY PR i BR M) P K BH B R Tt i R
R AL R RESE, ALK B 2 ek h AR
(e=A8E), SR T A0 A i St 2 — > A%y
AIBIFFETT ), 5 B R (4 ) BB G A5 A U RE T L 7 K
SRR RCR R AR 1 . AR SCZE S MOFsA 5 11
LERRE AT, 2RO E LR T I AR R MOFSTELHEAL [
INACERATSY o N E VIl VAN e =R A /7Y
) —LefCRPE I T, & fE i MOFs i {L 1)
@, MNEA BRI R BB 2 AR AR 2R A7 A A ]
AL, X RS MOFS Y HEAL B ST I RS 2647 1 2114
JEE.

1 MOFsTEAHEAR T
Duanif 341 P2 MOFs G i Ak AR 24y /324 6

F1 THNEREFEFHRERY

Table 1 Summary of metal-oxo clusters as semiconductors

LA SR EAE o ARG i L QYR TR R A PLE
LRGSR R R LI . Gkl iR H
AWSEHE MY BT, WEr . EIBRLAE & HATEY, K
PR PLIEHR R UTE, £ BB IRmMREE. e fbin
J5 ) AN AL §E £ 4 J8 & A R £ (polyoxometalates,
POMs) F1 44 K ik (nanoparticles, NPs), H.H LG & /Y
gz k20, (ZPt, Pd, Au, Ag%5 54 @ K TR 5
et M E WL, WA 18 AL I A F A5 (quantum dots,
QDs)&E SRR, = 281K R B % A LL I HL
PRANRE S, T MRS LL_E3ZEMOFYS AL IR & faf 224
213 4 R MOFSTE ' A A 65 5 iy 17 FH

L1 Johla @i kg

T MOFs) Z L1, IKPTEAERE i A BIHELE 25
Jis T (BR AR LR /NI KK, XAV 2 AR Y
& JE B Y IR B, AR A AE A X
JoF Y EL B A F 1w R A] & A R L. i H AE MOFs HT,
&R BT IR R AR K, H SR LI B AR A
HAPBETIER, ARG KAEDICHER. A Nl Bk
L EE AL F, MOFs Y L faf 43 B SR 5, Aoy~
TS N E AN, A6, A LSRR A
LA BRI EE ) R n-dL4e ik ), 1 B nT L
i JE B E A RO R R 15— B T
MLA & FRAE M 2 AR 4 55 I MOFs A = bk TAE.

Xing F Sulf i 20 “2 4,4 (-9,10- X (2,1-Z 4k
FERFEN R A L T —Fh &% Ze B HIMOF, 1544 K
NNU-28, H:Brunauer-Emmett-Teller(BET) . il 4
1490 m* g”'. 7E1 atm (1.013x10° Pa), 298#1273 K'F

MOFs L JER 4K I ER PN
NNU-28(Zr) Zr-0 CO ik i [42]
NiTCPP-MOF(Zr) Zr-0 Tl FE R A [43]
PCN-222 Zr-0 CO, ik Jit [44]
Ui0-66-Ti Ti-O okl R i [45]
NH,-MIL-125(Ti) Ti-O {11 e S A A 6 [46]
UiO-66(Zr/Ti) Zr-OMITi-O Se(IV)if J& [47]
UiO-66-NH,(Ti) Ti-O N-¥2 F 5 5 P 15 196 O A I g R mee [48]
MIL-101(Fe) Fe-O IK G 7= 4 [49]

a) NNU-28, [Zrs04(OH)4(L)s]-6DMF, L& U1 178, DMF, —H 3L H B, NiTCPP-MOF, [Ni3(Ni-HTCPP),(ts-H,0),(H20)4-
(DMF),]-2DMF, H,TCPP, 5,10,15,20-P (4'- ¥ 3£ F) 1Mk, PCN-222, Zre(Us-OH)g(OH)s(TCPP),; UiO-66(Zr/Ti), (Zr/Ti)sO4(OH)s(bdc),s;

NH,-MIL-125(Ti), TisOs(OH)s(bdc-NH,)s, bde-NH,, 2- % % XF 2% — H & ;

Fe;F(H,0),0[(0,C)-CsH4-(CO,)]3:nH,0, n=25

UiO-66-NH,(Ti), TisO4-(OH)4(bdc-NH,),,; MIL-101(Fe),
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UIOZ& %), R T NNU-28 F1 it 44 ity 5 4h- ] DL g e
ik, & BHAE AT UG X Py AT 5 ZU ) sy i, PRk
Xif AR AR P I B 401 R 33.421163.43 em” g7 LU
B 4 B 7 I MOFsAE AR B HLA G K L #AERE Pk (an
5T T B 7 A AR G SRR A Ak PERE . B
7% 3 BFINNU-28%F — S8 Ab filk 1 30 J5 2 I (= & B i 1
SR EL A AR G AL OR, R AR B 1 T
FikF)183.3 umol h™ mmolyor . 43 o T IRE R
MIWFST, JFSEAT AT IRSC G, AR5 R B Al AR U=
BB IO HE S FENNU-28 % 58 ) I — 48 1k i St fit Ak
W B TEEA S, S AEE: e SN b B A Y
UMK AE27.3%, &)@ R IM STk & 77.7%. 1 gAY LB
WEETR, NNU-28FEWIOLZ 5, BT A i Bl R A
ACRT DA R e di #0500, It L e 44 ) 4 ) Fia Ao
# (ligand to metal charge transfer, LMCT)HLPE&fL Zr
e, [R) At BC AR AR Bl mT DS i B )RR R AR e A
LT, 1L 8 T SR A A AR [ B SR — A ARl 34 5y
AR AR DTk, PRI & A v T T Y AR AR A R
. AREIE, T MOFsPh i 454, 44 Zr-Ofk Fl
AT LR WS RT D' 7 LTS A B R, FLIR A A7 1
XAV T iR = S BERE (TEOA) MU H) CO M ¥ HE,
TS A3 LMCT 2t B R 647, 0 Bl AR A B 3@ 4
B 3= A RS 7, BN COR IR R FE 4R T
— ST AR

FIH ARG — @R o1, i Ls 25
HATVETE H — e A= B AR, a6 A4E A h i B
ER R a2, fad BT AE R, kRS T
£ HAEIEYERYMOFs. Nagarajaiff 20 38 1 1
5,10,15,20-PU (4'- B FE A IRk, H,TCPP) 5 Ni* 4 i,
AIMOFs, H o5 76 T bk I o ] (1) 44~ U F 1T A
KA IR T, FENPMRIA R S5 A 48, B BINI(ID)-
HTCPPI & J& FC ik, XAEERCIAR A 714 & @ 07
RO H AL SE R R A SRR, 15

Visible light CO,

HCOO™

Bl 1 (MZERF()NNU-28 St i — S
Figure 1 (Color online) The proposed mechanism of dual photocata-
Iytic routes for visible-light-driven CO, reduction in NNU-28"*!
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I Y MOFZE 14 1 77 7E Nis-ox o4 s M N IR 4544 57T
(secondary building blocks, SBUs), J&#H: AW 4h
AR, LU R e S5 . T 2 IR 1Y AFTE,
BB R Z B - E B E AN AT 280, TR 25 A
R25 R )2 Z [ G e B i = 42544 (1512). LA
A Aba R &R, T HE G I R R N H Y
W, BN — 2R 9 3L AR AT A W i i D e T #
Wby, ot Ak, X) B SE 56 3% B fd I H,TCPP-
MOFs 8 42 Bt /4 Ni(I1)-HTCPP#R % A 6k i 1% P, 3%
AT RE A2 PRI A A S A A 0 P b B A s ) B — AR S
SERMER R . T RE B4 AL ML B 6 A F T DU AR B
R BN AFE, Jer:as 7B AE MK FC A Hh 18] A9 15 PN
P, AR IR B AU B i ok i, A fin S
MR R i) A NP2 4 2k 25 L APl (R ik ), T)
NI TN X R MOFAE AL B B A B T i obk
BCAA H a] 1) 4 ) 5 40 B 4 A i B I A FH A
38 o - HE ARG B 1 2 - 2 S5 A RE 5 Ak X Bl = AL B
(2 Ak, A5 & S ubebkoep ) NS & AR FE
MOFsE K1 7R &, EAE T 55/EH -
M AR A BB 38 SRR XA T AR R RS2 .

I FH AR ATT A B LA B T AT LA 2 A 1
S22 Z A n-nHEFAL A MOFs, 0] LIS 3 7E = 4 %5 7]
B T S AR R B H FEMOFs. 5 Nagarajaiff
BB TAEARTE, Zhang flTiang i 55 4 4 {5 1
H,TCPPHIZr 4 J& 545 B T PCN-222, AR o ] %
A HA4ANRIEFEA R, IR #H T CO b
JRAE AL P A I, R 2 T Ze i MOF, A LT

Cooperative effect
—_—

- .
Y. visible light | b
D=a source -
. 7 X0

Ni-HsTCPP

B 2 (WM (E)NITCPP-MOF ik A i A5 25 ]+
Figure 2 (Color online) The proposed mechanism of NiTCPP-MOF
catalyzed nitroaromatics reducation'*”
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UiIO A SN &, PCN-222 1 FfdiH T 3 KA nh w4
RZR, WOOEISLr A W W, mT LUSE A 20y A AT
6. FIFH 2 I A ), TEOAMCIRER], I 1 PChrid
[ P COL A Ry B2 157 40 LA A S 0L A9 Al 1R 52 2 CO,,
FIFPC NMREGIN, HAER T H IR . BRERAR AR AR
S CCRRID). WHE2C0o, M7TEBC NMRBEA
WA BRI A AR R B PR, B R B A
B, VBN I N A e BRI, A R AR
Y. — FRFVG IR UE A A R B 200 T, Bl
BEAMER] . Y. PCN-2224F1E B85 A5 CO, Y A8 Ji
FE. R TR PRI, TESE T Ze(ID A7 7E,
REPCN-222 0 (1 YL b o F- MR O 7, L T BRAE 3
WORS, RIGK o TS A Ze B, KA Zr(IV)
Zr(ID) A HEAS . LERTEFI TEOAMIFETE T, COML IR i
i H RS, TEOAN ] G4k 4k i e 2. PRk
WG FCBUE YL TE RS, WEW T K
LB A TR OGS L -2 R o i e T, HOB AR
()5 =X B 1 I MOFs Y 45 44 45516 A 25 U RITEL T 34
OYES, EWIAS N RO & A AE AN X

55 Zr 70 K [R] R A4 Ti Al & — > 3 780 %) % 4 Ak 16 1k
Pk o . AR T Ti-MOFs i & i), st R
A B A ORI TE MR R T, Zhou E N PIR
T —Fh & M Ti-MOFsiY ik, BRI son Z 5
1 G HEAL 15 P B MOFs. 1 T Ti(IV) L faf i . 242
/N, SECAREL LR A 5R, i HX AR PEAR, FEASIE AR
MOFs i il 310k AR 454, A Tiav) e & P11 K
fif P, [, Ti-MOFs Y4 i B A R K B Bk b
K Fh e 4 )8 B 4k (high valence metathesis
and oxidation, HVMO)¥ 7k, Bl eE—A~G@
FIMOFHLAT, R J5 FAIXT H broc Z KM S0 T
X A PR EARMOF (1) & g 7w, PRI S0 &8
BFRAREME, M2 HARMOF. #4111k
BREORAFE LR34 B, BIRMOFY Y &8 W
ANBEBE =M BRI i, 75 W) A AR 5 Lewis iR DU Bk 2%
JUE B R MOFRY 4548 HAOR, B MOFZE & A JF ik
() 4 B AN A, B AT — R 38 A 55 A A A FH
AT SRR, A, BRI R YR S 5 H
b4 & B R B AL B BC A2 4548 . ZhouZs A9 %
PCN-333-Sc, MIL-100-Sc, MOF-74-Zn, MOF-74-Mg
Y& B MOFs, TiCly(THF):/E M4k U6 (THF, U4k
), @Bz FHHAI AL, B2 HFRWY
Ti-MOFs, {8157 T Ti-MOFs G4 i Yy ok} 5 4 Ak 7 .

nlREM R N HLER N E 3T R DA HL TS B 4 R R
b, B TIAV)IE R T, 1 Be A & Az B - B (R -
P )X EL AR SR, ORI P L S (MB) AL A R &R R 1Y
450, SRJE AR TIAD AL A TIAV). Ti-MOFs3f
BT 9k g — E k(& B %) 5 Uk B PLBLAAR) Y BE
F1, TEES B R DR ekl o R, HLA BRI R
FHTT .

[ RE R VAT 4 Jm 45 05, Lilft g o 2- & Jk xot
2R T R AR TR IE T R A 5L T NH,-MIL-125(Ti), Jf
W T B WOE RS T, AAAFFERHA I E A
X TE B I ) 15 P . 58 A0 -] DL KO 3% 26 B NH, -
MIL-125(Ti) B W e A7 450 nmZ /i, 760 WG X
(420~800 nm)fy M IS LA AT PR, AR ZE AL 3R, 7En]
WOGHRS T, NH,-MIL-125(Ti) 2 5 0940 i 4 Ak {H BB
F AR T DLk B o 45 DL F B A, HL BRI
Wik A (R = A I . RS, TEEAAE R, ik
RORBSAH T, ANk, MALHLEL I E 48R
oA BT ECARFE A BB SAE, SRJE S 3 T a8 bk
FITIAL), B5ESER7EREREFAmE, A
BRIERTI(IV); WAENA s 5 A iR -, ARk
PH AR oI I F, KREINHBET, B
WA HE, REZzAmES -2 mEARHETH
P AR R S, T 510 e % 2E SR A -1 545 31
S B RN 45 RS B RN (AR . 7 ) FIMOFs)
gt AR HOR B, AR — BT E, SRR E IR
BRI PRI, 5 RN T A AN — 2. X B I T Y

Sequential

electron transfer

.20
e
=4 <«
T, o

B3 (M4 HUR A0 UI0-66-Ti G MR MBA L)
Figure 3 (Color online) The proposed mechanism of MB degradation
by UiO-66-Ti in the presence of air'*”’
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Q Step 1 o \
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R non 03 SICP%ANH’
NGNS /

Bl 4 (M4 JURA0)NH-MIL- 125(Ti) HEALAA AR B R LR
Figure 4 (Color online)The proposed mechanism of the amines oxida-
tion over photocatalytic NH,-MIL-125(Ti)! %!

ER, FEIEF YR B, Ok e
B, g H AT UL B R WO

Long A2 IR 38 T — o) F At s o 4l B Y
e, BUI0-6645 15 [ Zr4s [R5y B N TiTe &
ELAR AL R 204 15 3 (1 Ui0-66 Fll — 1% £k (Ti(IV)Cp,Cla,
Cp=H 1% — % 11 B ) 7E DME P it A B0 S g s, Jf:
FE120°CF b, 143 BA 5 Ui0-66%5 14 4 [F]{H 2 &8
o3 85 R T 9 K R B 9 MOF #1 B, 12 4 UiO-
66(Zr/Ti). T H F XK — H R ECR 17 TiAV) 5 55
P E 10 Ze(AV) 56 B B LR &, RILTIAV) B 5 5 %
M. FERMNSRET, &EENEFBE. ZidV)aeE
AR R, SO MBI Z L F I TIAV) e
B TTER G Ze(AV). SHRE, TiZ 545 1706
P 25 B 6 2 R A A ) s R 1 B T R i RS
RO, RO A R R . DG e SO R R
(photochemical vapor generation, PCVG)%% B 5% T
UiO-66(Zr/Ti)JGHE Se(VD)IR J5 A 1 1, Az L AR
O E I R OGS (ARS)#EAT A i A b, 4
£ W Ui0-66(Zr/Ti) 1 Ui0-66, i & UiO-66 Fi
TiCp.CLAYIR &Y B e IG A R 2. X2 N TE
JEBMOFs )&, “HL 5 2 B R (R 21 <, 7 BiF 4
JE R R B AR A, /N T B A UIO-66 M TiCp,Cl,
TRA AR — 3 IR, R X% S ad A A

Yuan F Uribe-Romo B 5 25 “*1 [T MIL-125-NH, il
UiO-66-NH,AIF 5% T s J6 (LED G IR B G i fb N-F52 3
2 F H R iR O R TE o s s o ) 110 35 P . ek Ak A AR
TEMOF U 5 U1 22 T A9 Hb 7, [ o Hp ) B 5 5 B Ry
HAALE SRR, BRI Z AME AT T FRCR A E
fif . MIL-125-NH, #1 UiO-66-NH, 43 %] & Zr(IV) F1
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Ti(IV)[AIMOFs, [FJEIVBE, BEfE, I 2A B
JCAEARIE PR, AT WO Ak N- 32 35 (3 H TR R oG 24 1Y
AR, FRE] TR R IR Y, A A B A
STRTE, VRIS ROV AR T — . ff AR
BF, REAGI E @ = T R, AR AT e A At
TEFE T RDOCEUR YRR . A0 K S5 32 A 7E A>305
nm TR AR A A, (H27EA>385 nm | ARE™
A, 3% U8 B MOFs 25+ H 2- 22 35 % 28 — W R L )2 iR )
Wi B T 520 . MOFHE T2 R IFSE R, %t
MOFs#E 47438 1 40 F 13T ] DL 548 75 i e Ak
WA AR T, PRk an SR Ak 2 B kA A LA BT AN
JE AR PRI, BN Bl 75 i 7 3k 2 R R
A5 B 1) O B —— 1 110 L R BB IR T RS B R 1
P, A A TFMOFFLIE & B 2. S TIESE
7 A AL R il S 1k A W b Rl AA, 1 5 76 RN AR &R
AT —RIIBEKH: HiRe, SR, &84k
B, OBCT B, AR TR 270 TIdID B F .
AL E AR B A, IR AR R R A
DIkt G b B H R SR el SR e SRR, R
Mt R EAEG AR 23 0 TIAIDES . A T H
BRI A 3, MWIMIEHA RR TR0, &8
BEIECA I B AR, JFf R T RN L.

B T CO %R I AT L N 4h, MOFsTE AL
K G i SR B A R 5 . Sui A A MR
MIL-101(Fe) I MIL-101-NH,(Fe) {E }y 7K 48 1k 1 1k 51
(water oxidation catalysts, WOCs), #4771 JLYGIK 3
7K 7= SR N . FL Ak 2A e B, RO R AR 22 il
2, MIL-101(Fe) i 4 fL A B8 58 T, 4000 % B
HoE, MHAEL2 VKB R % EEE, ML T
MIL-101-NHy(Fe) 7E iZ B2 T HL I % B H A B 1 6%.
S 3] [Ru(ID) (bpy)s1(C104), 4 24 6 ] (bpy=2,2'-
e mE). 76 R B FHUV-Vis s Z 8, b 2
B RIHEAT, BT A B Ru(IID)(bpy)3*, X 3% M 7E A AL G
I e FH 04 GO0 S BB 1 A AU R A . A X R S
SR E T RN A 1 pH(~10), & 1 pHTEF )2 b X}
FEAE RN EA R, HaRBOCEGN R . BT
RV HLEL: SERROGE, BTEEAMAS, Likdh
HdE R 3 B AN, M Ru(IDZE SRu(IID), @453 1
AL T3 R RR A AR B T LB RAR SO AT LA [
%SOy, H M — A L], G Rud)E fk
SMRu(IID), 2 Ru(bpy)s* MAHE AL 7 (Fe-MOFs) 45 21| H
F I F AR, TR A BT B A
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1.2 eIl PEAT BLE LA

T ANET IR IE | RGN BE AL S ) o, AEM
ERE KL EE RS, BRI R AR, WRM
K2 VOGER B A0 T8 2R R B BRAE RIS, Kk
P, MR A B WAH Y F — 4> e 06 M 1 i R 71,
AL LLS A8 W AE . X 2 5t mT Ll i i i
RS, RS HmK. TEMOFFHIMEILIAR R, £t
SE P Z 0] 1 AR A AR BRIk, AR Y i R PR AR A T
PLFEMOF Y AH AR AL s AT B i 5% %, R I MOF 4 it
T — A R TG R R B R R PR AR
FE2H s — | A HAT S6IE M WA BILE H2 R (R B 44%)
fMOFs i 31 TAE.

Wang B2 PO Hymtpde A K Hoetpde(E15), 5
Zrih AHBEA W T — 4 Ui0-68 M AT =Y, AN
UiO-68-mtpdc/etpde. UiO-68-mtpdc/etpde LA i Z1 Y
e L L ERE, JF H BB TR I H A SRR K
ABAY AL OR | R AN SR OR SRR IEY. ek
(LEDYGIE) s SAEFE ST, WF5E T UiO-68-mtpde/
etpdcF 2- 2% 5k U & 5 1 k-5 5 W ) 28 S S0 AR K S
J¥i (cross dehydrogenative coupling, CDC) I it b1
e, RS, PR EiA93%. W HRSLg R,
HEAEFI RIS | SRR | AR X — 7 Uk s g
AT, [ R B O A DU R 3 20 A s
YIHUiI0-68-mtpde, 1% W ANRE &, B AL AR AS
HA AT, 22 R L7 9 2 MOFSHE
A0 A B FE O BRUE T AORN 42 R 7 BE S R B A L -
23 B AR . B OE B T B G T i
PP o ) 3 B B T IRISORAN,  & B
PR R TR T IRER R RN, 5IAT BRI R
FIPU S 25 5L, AR Ui0-68 1Y W ' BE 7 45 31 K g
[T+, UiO-68-mtpdc/etpde 1Y 7] GEAE AL AL FE 40 T -
S RAERT, RS W 2- 2K 3 DU & 5 s bk ) 8 & SOk

F2 REHEAEVEEE

Table 2 Summary of ligands/metalloligands as photocatalysts

1AL 7 Ui0-68-mtpdc/etpde JE47 B, T 55 7, 1551 1)
2- 2R U S s W E FL A 3 D 4B S
B X, A [ R, R AREA N
B IE B, 165 W T R RAE R R AR i T &
A AR R

B T 7E FCAR N BE 3% B — S 06 A BLIE AT 4b,
FEUIO R F1 rh IR FR TR ¥ i IR ik e — 3R W2, 1
BRI BE b i P A AU F 1T DL — 2 B 5 26 16
() 4 O A7, AT 0 35 AL AR 1 IO T P, (A
MOFs %5 46 77 76 W Ff 43 J& . Luo A4 P = (2,2
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UiO-67fi1 £ ¥ (Zr) FIHRIERE, BKIRNLRE, BRILPREEIEER CONLJE, Hi-Henry, S ALME A (550 558 F AR Bk A1k [52]
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Figure 5 (Color online) The proposed mechanism of CDC catalytic reaction (a) and the structures of ligands (b)™"!
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Figure 6 (Color online) Synthesis of Pt,_Ir_BUiO and structures of ligands
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ABr7, JE I -Mn(bpy)(CO);(Mn(0), A 11HH 7)Z
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EARA R, TE R — 2RI IR R A 254, SR )5 i
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Br ¥k & 2| JF K IE . T Ru BRI H Ui0-67-
Mn(bpy)(CO);Br i & H RSF /N, Bt e a] DL A F
UiO-67-Mn(bpy)(CO);Br [ fL i P9 &8, X A LL M
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AR o UL ).

1.3 AR R LI B

BF 98 X AR R W SCHR B 2, 0 H R 94 K J0RE
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% SCHR M H N A R 3T I MOFsEE A
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AIMOFs. JT i 38 1) 6 A Al ik sty 2 B+ 0 £
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Figure 7 The proposed mechanism for the formate formation catalyzed by UiO-67-Mn(bpy)(CO);Br

REZSAL, ARJEFE M T oK A OO A9 A HILIE (A 1 L 7,
SR LIRS B H 1 A AR R RSOV, NPs R Ak 44
KR MAEAE BAT 52 W EA R BIE 5 P POMs
Z T Y, POMs SNPs HAT I Z b, AL 0
HPOMsIE NI T2 5 fEfl, 25T HA SR~
H R TIRR. POMsEA LT IR M TERE, (BN

TECA (H* +e7)

COz

+Br

Heoop M1
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fEHRETT. NPsHIPOMS P Fft ) o 7 47 4 FLaE R sF 25K
Fie Fsf 4 2 T LA 9k 67 31 MOFs ) 25 Ji v ). 3 R 2 A
ROEHE IR R BA IR HRERGERS A
I8 YRR S 2R E A BIMOFs iy 25 i L, F2-%
PR T B R kb T LB, i H s MOFs ) £ L
SR HOT R, YR Y AT LLEAALIE 5 NPsEL

RS, ERREBAE, FitidE AMOFsHFL  JEPOMSEM, MXTEYt =4 T RoFye ik, &

EHPREME A T B HOTR, R AR JEMOFsS M 5 . Al R, B RE A SO A

£3 RENTEYMHILACEMFEY

Table 3 Summary of MOFs with active species in the cavities

MOFs ARG AL S EE BTN

Ui0-66-NH,(Zr) Pt NPs K3 = A [55]
UiO-66-NH,(Zr) Pt NPs KA il 7= A [56]
NH,-MIL-125(Ti) Colit &% IR il 7 [57]
NH,-MIL-125(Ti) [Co'(TPA)CI][CI] IRl 7= [58]
Al-ATA MOF(Al) Nili &%) 7K B i [59]
NH,-MIL-53(Al) 4 1% F1Pt NPs IR il 7= [60]
UiO-MOFE(Zr) [Nis(H20)2(PWo034),]'" Vi T [61]
CR-BPY1(Cu) R R ET C-CH i Ik [62]
HKUST-1(Cu) TiO, CO it i [63]
MIL-100(Fe) CNYiK RhB [ fift [64]
PCN-222(Zn) TiO, RhB FIMB [ fift [65]

a) MIL, Material from Institute Lavoisier, $i EL8)#EMIF5ET; ATA, 2-2 3L X K — H ig; PCN-222(Zn), [Zn(TCPP)]2(Zrs0s)
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BA, HIES AL, B Es o o s Fe .
X E I Pt@UIO-66-NH, B A 1E A i A5 1) v 11
TEECAR K 7= 2B SE 56 ot L3RR AL L = SRR, /S
PLOGIE B9 45 0 UiO-66-NH, = @SR MAK, Pt/UIO-

""" Hydrogen bond, aromatic stacking and Van Der Waals interaction

B 8 (M4MU%(5)Pt@UiO-66-NH, 5 Calix-3 & WAL G K= E LR 2

Figure 8 (Color online) The proposed mechanism of water reduction to produce H, over Pt@UiO-66-NH, and Calix-3 complex'

[55]
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Figure 9 Synthesis of Pt/Ui0-66-NH, and Pt@UiO-66-NH, and their applications in photocatalysis'*®
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Figure 10 (Color online) H, production using a multifunctional MOF-
based composite'”!
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Figure 11 (Color online) Potentials and reaction mechanisms. (a) Reduction potentials of the species; (b) electron transfer from NH,-MIL-125(Ti) to

Co(II) complex; (c) electrons transfer from BDC-NH, to Co(II) complex
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Applications of metal-organic frameworks in photocatalysis

Xiang Liang, Lianfen Chen, Li Zhang* & Cheng-Yong Su’

School of Chemistry, Sun Yat-Sen University, Guangzhou 510275, China
* Corresponding authors, E-mail: zhli99 @mail.sysu.edu.cn; cesscy @mail.sysu.edu.cn

To relieve and solve the energy problem, effective methods to use solar energy must be built up. To be more specifically,
we need figure out how to utilize sunlight for water splitting reaction, giving rise to hydrogen as clean energy, and
photoreduction of carbon dioxide, leading to the formation of useful liquid products (e.g., HCOO™, HCHO and CH;OH)
or gaseous products (e.g., CH, and CO). As a class of distinguished and unique materials, metal-organic frameworks
(MOFs) have drawn a lot of attention, considering that they display special physical and chemical properties such as
exceedingly high surface areas, designable and controllable cavities, different mechanisms of photo-induced electrons
transfer, and moreover photoactive parts can be easily introduced into MOFs by either encapsulating dye molecules into
the cavities or constructing the frameworks with optically active bridging ligands or metal nodes. In this review, we have
commented on the challenges in this field, summarized the unique advantages and inherent merits of MOFs as the
emerging materials, and pointed out the opportunities and development strategies of MOFs for their applications in
photocatalysis. Firstly, we have introduced MOFs’ concepts and features, distinguishing them from other porous
materials, and their advantages in photocatalysis. MOFs are crystalline porous materials formed from ligands (including
metalloligands) and transition-metal nodes. The structures of MOFs are of facile design, and can be further modified
through post-synthetic methods. Some MOFs display high thermal and chemical stability, which can be stable up to
500°C and resist a variety of reaction media either organic solvents or aqueous, even in acidic and basic solutions. MOFs
can be photoresponsive through light absorption by the organic linker, the metal oxide nodes or the photoactive species
entrapped in the voids. Photoexcitation of the light absorbing units in MOFs generates the excited state, which might
induce photocatalytic activity. Next, we have classified photocatalytic MOFs into three types, including (1) metal-oxo
clusters as semiconductor dots, (2) ligands/metalloligands as photocatalysts, and (3) photocatalytic species (nano-
particles, polyoxometalates, nano-composites, and etc.) encapsulated into the pore, and discussed their applications in
photocatalysis in details. As for type I, metal-oxo clusters, especially Zr-O or Ti-O clusters, as the nodes have been
assembled into MOFs. Upon the absorption of photons with the energy greater than the bandgap of the ligand, a
ligand-to-metal charge-separation state was generated, resulting in photocatalytic activity. In type II, a few molecular
photocatalysts based on metal-polypyridine complexes, usually being Ru and Ir complexes, metalloporphyrins and
organic dyes have been incorporated into MOFs to afford photocatalysts under visible light. Considering type III,
photoactive species, including polyoxometalates and metal nanoparticles (e.g., Pt, Pd, Au, and Ag NPs), have been doped
into the cavities of MOFs. In addition, integration of an inorganic semiconductor with a MOF gives rise to a composite
photocatalyst, which combines the advantages of both materials and then results in higher efficiency, selectivity and
stability (especially low metal leaching and recyclability). Finally, we have provided our perspectives for the future of
MOFs as photocatalysts. MOFs have displayed the potentials in photocatalysis, but there still exist large improvement
spaces. The relatively low stability of MOFs compared to inorganic semiconductors limits their applications for practice.
In most reports of MOF photocatalysts, sacrificial agents are required, which isn’t consistent with the sustainable
development concept. MOFs with strong absorption of visible light, long lifetime of excited state, high product
selectivity and stability are in pursuing.

metal-organic frameworks, heterogeneous catalysis, photocatalysis, water splitting, CO, reduction

doi: 10.1360/N972017-00949

265




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


