=5 M0t = 1k

Acta Materiae Compositae Sinica

MOFZ:H LK i SR ST HE R

AR ART RB= L=k k% 24

Research advances of MOF-based catalyst for photohydrolysis for hydrogen production
CHEN Baiyu, HU Tianding, SHAN Shaoyun, ZHI Yunfei, ZHANG Churu, WU Qi

TEZR 2 View online: https:/doi.org/10.13801/j.cnki.fhelxb.20211011.001

LT RIS HA SO

Articles you may be interested in

CeO, /188 M Y 5 B LA S HE A i S0 A9 ]

Synthesis of CeO,/graphene and its application in photocatalytic hydrogen production
HARRIEER. 2018, 35(3): 684-689  hitps://doi.org/10.13801/j.cnki.fhelxb.20170601.005
WS, lg-CN ST LA R AU RE R L

H, production performance of photocatalyst and mechanism of WS,/g—C;N, heterojunction

E AR, 2021, 38(2): 591-600  https://doi.org/10.13801/j.cnki.thelxb.20201011.001

MoS, /b, 2 W Il 5 BT TG A PR

Preparation of MoS,/Sb,S, composite photocatalyst and its visible-light—driven photocatalytic activity
B AMRIEAR. 2019, 36(7): 17161727  https://doi.org/10.13801/j.cnki.fhelxb.20181017.002
ZALCoy0 AR EFHEH] T8 -2 S H b s Pk RE TE AR AR AL

Porous Co;0, nanofibers applied as an efficient cathode catalyst for Li-air batteries

BAM R, 2021, 38(7): 2305-2312  https:/doi.org/10.13801/j.cnki.fhelxbh.20201030.006
CuyZnSnS ~CAS T A BHEHA i S LA 20 1T

Preparation of Cu,ZnSnS,—CdS composite and its application in pohotocatalytic hydrogen production
EAMBIEAR. 2019, 36(9): 2169-2175  https://doi.org/10.13801/j.cnki.fhelxb.20181201.001

T RTIO AL R BT 2E e

Research advances on quantum dots/TiO, composite photocatalytic materials

HARRIEER. 2021, 38(3): 712-721  hitps://doi.org/10.13801/j.cnki.fhelxb.20201106.003



§é$j*4$*ﬁ F39HE O HSH O 5H 20224

Acta Materiae Compositae Sinica Vol.39  No.5  May 2022

DOI: 10. 13801/j. cnki. fhelxb. 20211011. 001

MOF EHYSEREK B SELFI TR R

i

Mtk MAT %R & L& HEtR £4

(EEWIHL T K24 fh2e TR24BE, B 650500 )

E . WA EUR B ARSI QLB H g3 M E,  ATIANARACRE FOGEE 1] SIS v PR A SRE TR . s K il

AHAZE—FRIARRIRZ T B B Ay =0, WOt FBots K FHREFE 1k o fh 2= Be & — Fh AR A &
HIHAR T B o SR anfa] BE IR R . 4 BE OB AL R R ] AR G IR . &8 A DLHESE (Metal-organic
frameworks, MOFs) Tl R E A . FLRSF AT Y | 8540 5 T JOG P 8 32 5 e, AU kiR
IR R ERAE A AR IR R . E NS S MOFs SEffK RSB T R EFse, 3 HEE T E0 8 &,

%D

AR LELRIR T MOF FEAH B A AR 7E D i K il S B A P S g, 25 T MOFs A S AL A9 L 50

FURBRYE, FEXT MOFs B HAR A4 B CAHE A A i i AT 0 & SR A e sl 2R, DU R R s e 2% .
KR . SIR-AVAEL; Sk, MR KA, HlE
B 43S TQ032 XEARER: A XEHS: 1000-3851(2022)05-2073-16

Research advances of MOF-based catalyst for photohydrolysis for hydrogen production

CHEN Baiyu , HU Tianding’, SHAN Shaoyun’, ZHI Yunfei , ZHANG Churu, WU Qi
(Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: The increasingly serious energy exhaustion and environmental pollution accelerates the development of

clean hydrogen energy. Water splitting via photocatalysis technology provides an economical and clean way for the

hydrogen production, converting solar energy into chemical energy through photocatalytic means is also a

promising technical means. The rational selection of photocatalyst is the critical step for obtaining hydrogen

energy in an efficient and economical way. Featuring the traits of large specific surface area, adjustable pore size,

easy structure modification and abundant active sites, metal-organic frameworks (MOFs) are ideal candidates for

photocatalytic hydrogen production scientists from domestic and foreign have carried out numerous researches on

the water splitting with MOF-based photocatalysts. Currently, fruitful progresses have been achieved. In this paper,

the state-of-the-art advances for the MOF-based materials as catalysts in the field of hydrogen production from

splitting water was reviewed, and the advantages and limitations of MOFs as catalysts were summarized. The

development prospect of MOFs and related materials in the field of photocatalytic hydrogen production was

proposed, providing a valuable guideline for developing future photocatalysts.

Keywords: metal-organic frameworks; photocatalysis; catalyst; water splitting; hydrogen production
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Fig.2 Types of MOFs used in photocatalysis
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VB—Valence band; E;.—Energy gap
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Fig.3 Mechanism of the photocatalytic water splitting process of
Al3(OH)4(HTCS), (AITCS-1) in mixed solvents of H,0 and
triethanolamine (TEOA)®!
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Fig.5 Schematic illustration showing the synthesis of Al-TCPP-Pt for
photocatalytic hydrogen production®"!
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A ARERME B 9K T 2 G MO PA@MOF-177 L &
Cu@MOE-177, Pd 1 Cu 44 K ki 7 1F 3 nm £ 47 ,
It BAEIE 15t F o MOF-177 FL 28 45 44 B AR 1 45 R
A% . Proch ZEP0KE 4 . TE 4L ) MOF-177 F53 K Al
Me;PtCp’ (Cp’ =H & 38 18 — 45 36 ) #F & L A
% 5 B T W OB S, JF AE 5x10° Pa P i A
A /Eh A (B/NRT R A ) HAs 12h, A AN
— B @K K, B A [MePtCp’'],@MOF-177,
[Me;PtCp’ |,@MOF-177 £ /i B T 5 JE ] b 4
Wt AN A, R A R T Pt@MOF-
177, Pt@MOF-177 ) PXRD il & & 75 , MOF-177
F AR TE UL IR Pt YRR MesPtCp' i 72 H 1
FrAR7E, Hrp 2-5 nm 1Y Pt 44 K R0 itk A S HE 42
45 K6 N A ) MOF-177 . 3l i TEM & BURL 428 5
ik 5nm Bk F, R PokiF+RAERE, 7EMM
B A WESE B ) Pe AT R4

b 2 1 5 R 5 1Y ZIF-8 L Bz ZIF-90 A/ h i
F I, Esken %PV iE i Au(CO)Cl A AHE B FI A
g, ffi ZIF-8 Fl ZIF-90 128 Au 49 K401 R4
15 0 WE S L B BE (HRTEM) . HLF B2 H
i (ET). 40T W% 3% (UV-Vis) M 25 51 £ 01
Au@ZIF-90 H 11 4 J& A1 #2155 3 80T F2 0 78 b K
LA MOF SE A, B SLAE Rl o5, 5045 20
T ORI A KRR /N Tiang Y HiE T
FI FH ZIF-8 i 5 1 B0 7 SR DR R Rk,
MOFs 3£ 1K 75 3] Au@Ag ¥ -5e 40 Kk 1, BURL K
/INE 2~6nm Z A, HA —@ M REM., & n] LIE
1o [ 1A B 1] Me,Au(acac) A1 ZIF-8 ffil £ T A ] Au
L Au@ZIF-8 4K 2 A MR, 5 ZIF-8 M,
ZIF-90 1) B g J& 1 W] LA 1] 4 g o [R]85 /s e
AA@r B RR T, A, L%k s
(Ni(cp),) 7F Ar/H, it " 300°C . 3 hiil i S A i
HARFER, 5IAEZ K ZIF-8 i, DLtk ok i %
Ni@ZIF-8, PXRD ] i 3¢ B Ni # 4 57 H 45 ik 2]
ZIF-8 HEZE h | ZIF-8 = (ARHE JL 7E 4 A o 8 b R 45
R4F, TEM it — 2 £AE T ZIF-8 [# 1k Ni 44K ki 7
HIIE S, TEM 45 % 5 PXRD 45 Wy &8l , HiE
UE B T /5 B 4 LR Ni g4 oK kL £ 8% ZIF-8 [ & fk
I 7 /N I AR TR A

Horiuchi % % 5% F ¥ 75 #v ik DLEK R (MU) 1E N
fig (TPOT). X} — H iz -NH, (H,BDC-NH,). DMF
FH R JRORHAE 423 K 21, O 248 h kA7 %
RIS 48 ho SR 5 R FOGUTRL 7 15 78 Ti-MOF-
NH, [ULEL T Pt 44K MWOk: 1 A 4l Bh AL 7, &%
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A Ti-MOF-NH,. H,PtClg H %% . DMF Hl H fis
(1) 2 77 AE 5 mW/cm? Y 100 W = JE SR AT Y 48 4
ST 3h, A UIEM A E.O L Rk, T
5 3] 11 4% Pt 44K ki T 1Y Ti-MOF-NH,., 1 id XRD,
UV-Vis, ESR EIFUESLAE] T =4 Pt/Ti-MOF-NH,,
M 5 2 A B T 5 7% (LCCT) MLl A s s, &
LK 42U AR 19 CB i1 2% 7 8 35 A A LG 1R 1Y) 3
RAHATAHB B . Bk, Ti-MOF-NH,
FIAE Ry BT UG e A4 RE T A A AR
Ti-MOF-NH, 1 HI#L 38 52 &1 8 JIT 7= i LCCT #lL
il T LA RECH A

F 3R MOF H 't i A 5] 2 30 e 4 B S0 80CR
HMBHEZR S RG R . BEAl, 1 845 T4k
Fb 4547 1R £ M 9 MOFs 4 )8 90 K B0k &2 & 1 R
RS K AR AR
3.2 MOFs E& % &E B (POMs) K ELF

POMs 7£ ¥ A1 Fl 2 #H 5 0y b #2800 00 55 19
AL PERE . Zhang % ) AR 41 BLAY ) = 25 15 7 #4
INF il B 1 = T A Ak R 45 i 22 S BR R /CdS/MIL-101
(PTC/CdS/MIL-101), Jf#F T MOFs 5 POMs & &
A RMEEIL K 240 E L (8 9): (1) 45 b A& MIL-
101; (2) RAI/K#3E, 76 180°C T H Cd(CH;CO0),-
2H,0 F1 —H LA AL BE 12 h, 5tk 4% (CdS) 44
K FURL$E A MIL-101 H; (3) 76 CdS/MIL-101 %5 i
b 3E S R K IR R A L T 2 SAUEK L R (PTC).
1€ 420 nm (YT WOETR, DUW Bk [ AR, 7E
A B4R (P ok Pd) (RS A LT, WA K

&8 TR M (LCCT) LK) Pt 7128 Ti-MOF-NH, Yt fifk
il U R ML P )

Fig. 8 A schematic illustration of photocatalytic hydrogen production

reaction over Pt-supported Ti-MOF-NH, on the basis of the ligand-to-

155]

cluster charge transfer (LCCT) mechanism!

e = & . oo Rl CdS/MIL-101 Y 7=
AR i K, 1.9 mmol(gegsh)!, PTC-19/
CdS/MIL-101 /& %45, A 94.9 mmol-(gegsh) ™,
F — It Bl CdS/MIL-101 = 50 1% LA |-, kb PTC-
3/CdS/MIL-101 & 1.5 /% LA 1. 7 — 7€ CdS/MIL-
101 R R A PTC J5, BEA R m T WG T
FREANEE. BT PTC A MLD BRI /e, E i 42
5 PTC A #L3E A1 19 05 & %, PTC/CAS/MIL-101
SIUR R A UL A E M 2D R . XRD 35
UFSET PTC dHArAEAL, SEM /R T PTC/CAS/MIL-
101 HA7 5 &l MIL-101 #H (L0 b AR JE %5 . TEM #I
HRTEM LR W, CdS ki i )R HE# /N T H =
B4 HUZE MIL-101 L

F1 BX MOF/HRBHE SFRMEA T LR TR AT S R a5

Table1 MOF/nanoparticle composites as catalysts for photocatalytic hydrogen evolution under visible light irradiation

Bandgap e H, Production Recycled Solution
Photocatalyst Ey/eV Sacrificial agents ~ Co-catalysts rate/(mmol-h -g") times stability/h Ref.
TiO,@ZIF-8 3.28 Methanol 0.25 4 24 [56]
MOF-199/Ni — Triethanolamine 24.40 3 9 [57]
. N, N-
Ru-Pt-Ui0-67 — Dimethylacetamide — 34.00 3 30 [58]
Pt@MIL-125/Au — Triethanolamine 1.74 3 6 [59]
Calix-3/Pt@UiO-66-NH, — Methanol 1.53 3 9 [60]
Ni-MOF-74-CdS/Co30, 1.97 Lactic acid 0.58 4 20 [61]
ZIF-9/7n, ¢Cd,,S — Triethanolamine 6.42 — — (62]

Zhang % * iR 38 T —Fh £ 4 & %R £k /MOFs
(POMs/MOFs) & &K, LU Zrg(ug-0)4(ns-OH), —
2 4 33 ¥ JT (SBUs) #4 4 MOFs, Lk [Ru(bpy)s]**
(bpy: HRMLEE) 1774 19 R IR A HLECAR (HoL) 1y
R, 2 4R ER Eh vl B R AE 2 fL W MOFs

AT A5 18 7 S A Ak ™ S MOFs & & # R, HAE
AL ULERRSR, P2 E % 0.70 mmolh g™,

Li %05 $5 38 T — Fl MOFs S Ak 77 19 52 4 i
%7 , L MIL-125-NH,, H B¢, = (2-nf i i
) B (TPA) b JRBE, fE ¥ S FE T 9l A



- 2080 -

EEMRER

‘Ligand sensitization

Polyoxo Ti clusters Polyoxo-Ti clusters
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2

MIL-101—Materials of institute lavoisier-101

&9 455 &% 5kH%/CdS/MIL-101 (PTC/CdS/MIL-101) # kK 2l &
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Fig.9 Schematic diagram of polyoxo-titanium clusters/CdS/MIL-101
(PTC/CdS/MIL-101) catalytic water cracking for hydrogen production®

CoCly-6H,0, 5285 W BEPE % 5 50°C H25 T8
$4%5 (Co)(ID) 43 T ([Co(ID)(TPA)CI][Cl])fd #£ ¥ MIL-
125-NH, H1 , & W & & it 1L 7 Co(I)@MIL-125-
NH,, H =& # % % 0.55 mmol/(h-g), % g &
T MIL-125-NH, W4k 7= Z 801 . UV-Vis Stk %
B, Co(I)@MIL-125-NH, f) W U 1% g1 T Co(I1) 43
THY 5] AL £ 900 nm.,  Co(I1) Bt & ¥ 75 ¢ 18
FIEILTARER T Co™mi e, Mttt —2% LT
Co2@MIL-125-NH, #' MOFs 5 Co(II) Bt & ¥ Z [H]
AR AT RS, T2 e 1Ot K 2 7 =
W, FIRBIES R R, MOFs HELA W £
AR AL T AR D55, S MOF JEAT R & 80t
HEACTERE T 8T Y JH 7% .
3.3 MOFs £ & COFs Yt f& 1L 5l

M A HLHEZE (COFs) /& — Fh 25 )l T MOFs 1y
ZALM R, AL LR L1 . COFs 76 A Ak J i h
HAT Z MR, H5 MOFs 454 v L i 2 41
mOGHE A E MR

Zhang % ) 3% £ 5L T TpPa-1-3t fi A5 L AE 42
(TpPa-1-COF) [ J# K Bid fll NH,-Ui0-66 ¥4 &t & 4 #4
B, ZEAMEEEA SRR . 2SR
NH,-Ui0-66/TpPa-1-COF ﬂaﬂsﬂﬂ f) PXRD ¥ K 3¢
W] T TpPa-1-COF Y JE i LA & NH,-UiO-66 7£ fIf /=
A — R Z ARk I 254 S B . AR A3 AT
(TGA) % B , TpPa-1-COF, NH,-UiO-66 fll NH,-
Ui0-66/TpPa-1-COF %% 1k #1 kL 2 51 ity #1145
ik 400°C, TEM EMEUFEBH T NH,-UiO-66 44 K i fir
9514 4 7€ TpPa-1-COF & [fi, HRTEM %5 £ i} /R
T NH,-UiO-66/TpPa-1-COF(4 : 6) H' COF 1) £ fL4%
¥J . NH,-Ui0-66/TpPa-1-COF(4 : 6) 7% {1k #1 ¥} 7& 1l
UG LAFLIR ML RR &0 (SA) ik . LA Pt Sk Bl
Ak 500 B A Ak AN M B, 8 0.02 mmol/(h-g),

F 2% 4L Hif Y TpPa-1-COF {74 &5 3t 20 /%, %3 4k
NH,-Ui0-66/TpPa-1-COF(4 : 6) < b b FLAT 42 i

E’Jﬁ[ﬁ@ﬂﬁ%ﬁ?f , 2t 20 OGMEAL S, H XRD
i MR S B AR 5 R 48 . MOFs & & COFs #1 BHi

ﬂ@%uﬂ’ﬂﬂﬂﬂ WE 10 ffR, 7E NH,-UiO-66/TpPa-
1-COF "1, TpPa-1-COF (¥ 40 43 HA7 {5 1 56 Wz i
REJT, JFAERT WG RS N AR 2D IR/E A . TpPa-
1-COF By B 7 I VB i # 2 G4 CB, i i 3t
Wi B o — 20t 3% B F1] NH,-UiO-66 1 CB, DA
AR AR B A1 28 X I [ iE A% . NH,-Ui0-66
AF R 43 B B HL F 7E Pe BRI R 4T Hy i
Jit, TpPa-1-COF [ VB H1 1 T (1925 7 SA i 3K -
Zou SR T — R BT R BB, R A RS
LA Bl 1 ) £ £ FL MOFs/COFs Z & 41 KE, 75 iR
Bt = 5L 4 (B-CTF-1) 5 NH,-MIL-125(Ti),
¥ — 5 B 1Y NH,-MIL-125(Ti) 1 B-CTF-1 ¥ K it A
[58] JEE 6 I AT 9 DM, 7615 P U5 T K iR
FEALEE, ) bR A U oA N-(3- & SN 5 )-
N5 3 3 e b iR £F (EDC). 1-F% 3L 4 I — e 1
N,N- RN HE N, B BHHE 1 h 5 % i
£ 45 h, )5 60C H 2 T4, iK1 NH,-MIL-
125(Ti)/B-CTF-1(TBC) ¥ /iy . XRD fi7 4 W & B |
NH,-MIL-125(Ti) 7& B-CTE-1 [ [ & , J&30 i &
T TBC, j#id X FLOtHF RIS (XPS) 4387, 7E B-
CTF-1 7 F, NH,-MIL-125(Ti) " () i 3 A5 %5 b
oAl S W e B . OGRS SRR, 15wt%TBC 7k
AL B R B 7 A T 0.36 mmol/(heg), 2
B-CTF-1 B Wi . Jtfb2=sr#rk B, MOF/COF 7%

Visble H*
-1.0}
light \ s (
-0.5F ey g5
>
2 o leeee=--=lE e E (H'/H,)=0
—~ 0 F & 2
m
Q 2 lalkg
m. 0.5 e A &
E 10 SA N
§ is oxidized
£ 15¢
TpPa-1-COF
20t VB
25 NH,-UiO-66

SA—Sodium ascorbate; E—Electrode potential
[# 10 NH,-UiO-66/TpPa-1-3:4r 4 HLHELE (NH,-UiO-66/TpPa-1-COF)
(4:6) Z AL bRk U p L 2 1 )
Fig. 10 Mechanism schematic of hybrid material NH,-UiO-66/TpPa-1-
covalent organic framework (NH,-UiO-66/TpPa-1-COF) (4:6) for
photocatalytic hydrogen production'®”
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AT BHL 5 09 't fi 1k ¥ BE /& 1 B-CTF-1 5 MOFs
ZIAJE T BERG . I, S A EA R A
B, AR T B s G AT B R 3 S R IR E

4 MOFs iTAE RS EHF

H T MOFs &5 f H A7 d ik . RGP . KAL
UL IR e ag, PRAT A — 23z B H ol
AL SR H L MOFs B (9 15 A2 B2 5 bR
4.1 MOFs iTEMENHIHELT

Dekrafft 25V MIL-101 2 #(7E HCl 1, fin A
T-RENR) A A A (TALH), =
MR 2h, BOIF TR, 158 Tio, 2 1Y MIL-
101(Fe) ¥ ¥, ¥ MIL-101@TiO, & & # EH7E 550°C
M2 S Re 16 h, 15 BV 21 511 Fe,05@TiO,
K. PXRD 45 HEH], MIL-101 fEf3E 5400 FIA 4
fift, TEM 7R Fe,0;@TiO, Pk 5 i 1 MIL-101 45
BAR L, B -7 kT 9 XRD 1% 18 3 W 4R AL Bk Y
Fe AR AN . 7R WO T DL = L FERE (TEA) K
WG4 . Pt B AR, Fe,0,@TiO, 7 &l i 4
0.63 mmol/(h-g).

Yan %559 5% B} MIL-125-NH, [# 25 #4 i 15 1 4%
Pd 44 K kL, 15 3 171 4% Pd 1Y 41 )2 TiO,. #IH]
TEM. HRTEM Fl1 XPS M%< /3 #, WESE T Pd i+
A R 1 4R AE TiO, K 1H . Pd &1 J5 1Y TiO, X &
FEEAL TE M B AR, X EEE R T HGE T
D D = e R S Ol O =T S| B - A
Valero-Romero %% MIL-125(Ti) 4 H 7 Bl
SR I AGE B Fe(NO3)-9H,0, 1R T [ 25 #A i
%, Db Fe/MIL-125 & 1A o Ji B & 0L T 8B 81
TiO,(1l 11), ZE A AT H Tl £ HAth MOFs fi7 4k
M ALY AL AR . B TR LT . XPS. UV-
Vis 3% FIOEECR 6% (PL), HESE T TiO, fh s A7
TE (5 BE 43 W0 PP B -, 13X 301 Ot e B ) Af b
JERW LR, AR TR S S -2 O Y
BAAR, Y%A RN 0.15wt% il 0.5wt% I, HOt
HEACROCR et

Zhao %5 F| ] 2-F1 £Lpkwk . Zn(Ac), Fi1 DY R
PR SLER (Ti(OiPr),) A & R 28, #E 200°C
Thm#A 24 h, B TiETIK AR AL B AR ZIF-8 T, KR
15 3| TiO,@ZIF-8, #XJ& H kR X} TiO,@ZIF-8 11 1Y
ZIF-8 #1172 h, 15 2 L 1Y) TiO,. TEM 253
/N, ZIF-8. Ti(OiPr),@ZIF-8. TiO,@ZIF-8 I 5 #H
f8l, £ Ti(OiPr), W FHIZ i J5 , ZIF-8 YT S A
Ak . PXRD & 7 i W B A S i, U] ZIF-8

Light irradiation
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Fig. 11 Fe-loaded TiO, catalyzes hydrogen production under visible light™

FEFEA B FIK A o B v AR RE O 5 R AP 0 25 W B
DL B4R ) PO B AR, FE ] DLOR TR i
1706 AL ) 2 SE 5, e AR Y Tio, = A M R N
2.46 mmol/(h-g), J&dEZ fL TiO, ¥ 3.16 {5, XJ&
—Fh LI MOFs S 5 A 5 1l e Lo 3 AR R AL 43 & 4R
R 7/L0F R ISR (ER: ) | MR- N
4.2 MOFs fiTE ML WS EHLF

% MOFs fiT 4= 9 & (L W i fL 7], MOFs 774 (1)
ALY Ak R g T 7z B Ol & . Zhao
& 0215 1t Zn F1 Ni #84% Cd-MOF, #1715 7] 455
L AFGR K, TEM 25 R KRG T — B RAF
12 nm H. 434 ¥ 5] i NiS/Zn,Cd,_,S 7 i 25 & 51,
TG F WG R P U EEE (BEDS) 45 R B, Ni Al
Zn JLE W15 24 3] Cd-MOF 1, J14451 50 1 7E Ni-
Zn,Cd, -MOF, H NiS/ZngsCdysS NIt , 7
AT ULG RS F L LA Na,S I Na,SO5 4 1 it 4
= & 4 16.78 mmol/(h-g).

Luo 45 ™ DL bk e 43 - i B 22 67 (ZIF-67) 4 Hif
IR A, A K AR b R B AL BRI £ T CogSg 1
T A O A8 235 K B4 RE L e K RO B CogSg 2 T
A 8 — )& Znln,S, 44 >k k-, FESEM Kl & & 7,
ZnIn,S, 41K Fr ¥ 5 WAL B 7E CooSg MIAE R T, B
. CogSg@Znln,S, 5 i 45 14, TEM & i — 2 IR
T CogSs@Znln,S, 43 225 045 M o 5240 -n] UL i
F 5t (DRS) W, CoeSs@ZnIn,S, 4= 1k ik % #i
SRR B T WG IR . CogSs@ZnIn,S, 123 T Hy F--
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23R Ay B M iE L, SRR T RCR M R A
It H AR AL )S B9 E A M K CoeSs@Znln,S, 16 AT WL
T EA RAF0 o KM, RN T B AR
LT, 7 & %N 6.25 mmol/(h-g). CogSs@
ZnIn,S, St 45 H WA G MR L R A
A SR ARG AR 35 78 )2 RN A W 1 )2 b s
SEH, XCFPOBlRRE I 25 R R LA R A 515 S
T B 5y B GRS, BRAE R R, IF ok fEfk
E W WA Vi A S IR o (VA W S
CogSe@ZnIn,S, 57 Jit 45 k4 78 15 A7 AT fr] %l Bh 8 £k 550 114
LT B A 2 i AT S MR S AR M

Zhuang %5 "™ Ff] K5[Co(CN)g] ¥ ¥ Tl Z1 fif R B2
() MIL-68(In) 5 % , 45 2| 1 %F 5% A9 MIL-68(In) 4
KA 2 B B o AE 2 A L 1°C/min (9 T3
FRIE 500°C Tk 2h 15 3] In,05 8 . R HAKE
K FIEETE InyO4 T 2 1l A4 K ZnIn,S, 49K A, K
In,05 FIZKIEGHEHE, SRJ5 A ZnCl,. InCl Al
R, 80°C My Mk 2 h, Ve 15 15 5]
77 ¥ ZnIn,S,-In,05, Ot i K 7 A 55 55 K W,
ZnIn,S,-In,05 A WOGAEATZE A 8.75 mmol/(h-g),
AL F= 00 P 5 T Znln,S,, 41 In,O5 FEARTCTE M .
XRD. SEM. UV-Vis Lk } XPS X} ZnIn,S,-In,0; i
177 RAE, He UV-Vis £ T ZnIn,S,-In,0, )%
W S RiE 1 A RL B RE Y 45 A (8] 12), T S
ZnlIn,S,-In,05 5 i 45 (9 I8 A, i 15 o F BE 98 76
Znln,S, 1) CB PR FFE YR IR fe J1, MR
& CB L+ 2 [] (1% # F3 % 77 23 BH 1k HL - M ZnlIn,S,
o] In,O3 W ¥ ¥ . A 77 4548 B & AL JE T Znln,S,-

T 4
T I? H2
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Fig. 12 Schematic illustration of the charge separation and transfer in

the ZnIn,S,-In,0, heterostructure for H, evolution™

In,O; 5 U 45 i 40 B2 i F 56 8, T B — 41 43 In,04
FHORA I #2140 K AR T B A SR R T
R TR, AR TP A 0 R 5
W R BRI, W, Argam
S T GE 2 P R OGS P S i 1 G

Chen %™ kB AH1£ 42 )8 MOFs 1E Witk
HIAKAA, &7 LA NIS Sy B 465 19 NiS/Zn,Cd, ,S
SRS, W ERBUT Zn® il NiZ'E T 5 Cd-MOF
HBIIE L NIS/Zn,Cd, S #EL, i85 Zn,Cd, -
MOF H' 11y Zn & i, HKALAL Zn,Cd, S #1 R G
fEiEPE . FEANENIN Cd WYIE L T, NiS/ZnS 78 1] i,
Ot Y BESTR OGAE AL BT S R A 0.09 mmol/(h-g).
BE#F Cd HILA NiS/Zn,Cd, S, HAFTEFAWHEhN,
1 NiS/Zn 5Cdg 5S 1™ & # % 4 16.78 mmol/(h-g),
A NiS/ZnS ) 186 1% . fH J& 2§ Cd ) % & # i
50% it , NiS/Zn,Cd, S K 7= & % FF i & 1%,
NiS/CdS 1 7= & # # Y 24 3.52 mmol/(h-g). B
B CogSg@ZnIn,S, 5+ JFi 45 #4 4b , Xu 45 ) 38 33 #4 4y
fift 1% B g-C3N, 44K i F Ui0-66-NH,-MOF I+, Jf
UUR NP St i A ), & T Bk 48 24 19 Zr0,/g-
C5N,/Ni,P 5 J5i 45 #) C-ZrO,/g-C3N,/20%Ni,P & &
R 22 i T R0CR AT K 35.5%. Hu 5577 38 i %
1k F1 4 B¢ Cu £ MOFs HKUST-1 i % T 71 2 7F g-
C3N, (C-Cu,_,S@g-C3N,) I ikt 2E Cu(D) Bk 4
B = SR E AR, 5 g-CoNy AFIERE
G EHE 300~800 nm i N EA RAFIGIR M ERE,
C-Cu,_,S@g-C5N, 1Y [ i i 1 2 1.06 mmol/(h-g),
AHAXFF g-C43N4(0.16 mmol/(h-g)) 14 e i G P 3 s T
i 7%
4.3 MOFs fiT 4 BB 4L ¥ e 4L 7

Zhang % " # # T — Fp 56 4% A7 9K (K # K} Cu-
MOFs@ZIE-9(Co). ¥ Cu(NO,),-3H,0 Fi11,3,5-4K
WA T W, BT 140°C MAH 240, 404, T
Jii 15 5] Cu-MOFs; #5 7 If bk 1 1 Co(NO,);-6H,0
WTKA, IMAZUK, itk 45 min, #OGL5h, &
B0 TS5 ZIF-9(Co), 18 i i U5 s Ak &b B
Pl Cu Y B AL R BE RN R Cu/Co HL i, 158 T
— T L ) % 5 BT IR AR CusP@CoP HA H 7 #E 45
IS A A7), ) SEM. TEM. XPS %% H i
17 T RA4E, EW T Cu-MOFs@ZIF-9(Co) ) 1k 12
Y, JEEAERRE EIE T pn L.
CusP@CoP YL (K] 13) IAER WG, CoP
1 CugP 2 SARLE LT Y (BY) BUEAE F T W2 0k 2 9%
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Fig. 13 Mechanism diagram of the hydrogen production process by water decomposition of Eosin Y (EY) sensitizer p-n heterojunction
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of CuzP@CoP under visible light irradiation
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WS R H MOFs $74£E4

Table 2 Some MOFs derivatives used in visible light catalytic hydrogen evolution reaction

Bandgap Sacrificial H, Production Recycled  Solution
Photocatalyst MOF precursors E,/eV agents Co-catalysts rate/(mmol-h™.g") times stability/h
Cuy4Co,,S,@Mo0S, ZIF-67(Cu/Co) — Triethanolamine = — 40.16 3 30
FeOs33Cq.H, o MIL-101(Fe) 1.61 — — 125.00 4 24
Pt-Zn;P,-CoP ZnCoZIF-8 — Methanol — 9.15 4 24
Co-Zny5Cdy 55 ZnCoZIF-8 — 02 /5% — 17.36 6 30
Hollow Cu-TiO,/C Si0,@HKUST-1 — Methanol Pt 14.05 3 18
Hollow CdS nanoboxes =~ Cd-MOF-74 2.30 Lactic acid Pt 21.65 4 16
Co/NGC@Znln,S, ZIF-8@ZIF-67 2.10 Triethanolamine  — 11.27 5 20

Notes: NGC—N-Doped graphitic carbon; HKUST-1—Hong Kong University of Science and Technology-1.
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