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Application of radiation technology in the preparation of MOF-based photocatalysts for

hydrogen production via water splitting
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ABSTRACT With the growing severity of the global energy crisis and environmental issues, the development of
clean and renewable energy conversion technologies has emerged as a research hotspot. As a promising strategy for
solar-to-hydrogen conversion, photocatalytic water splitting hinges on the exploitation of high-efficiency and stable
photocatalytic materials. Metal-organic frameworks (MOFs) have exhibited immense application potential in the
photocatalytic field, benefiting from their unique merits including high specific surface area, tunable pore structure
and abundant active sites. However, conventional fabrication methods for MOF suffer from drawbacks such as harsh
reaction conditions and poor controllability over product morphology. By contrast, radiation technology, as a mild
and high-efficiency material synthesis approach, has demonstrated remarkable advantages in the precision
preparation of MOFs and their composite materials, relying on its distinctive reaction regulation mechanism. This
paper systematically reviews the catalytic mechanisms and research progress of MOF-based photocatalysts for
hydrogen production via water splitting, as well as the application of radiation technology in the fabrication of
MOFs. More importantly, it for the first time summarizes and discusses the research advances in the utilization of
MOFs and their composites prepared by radiation technology for photocatalytic water splitting toward hydrogen
evolution. The present review aims to promote the interdisciplinary integration of radiation technology, crystalline
porous materials and photocatalysis fields through relevant summarization, analysis and outlook, thereby providing
valuable insights for the development of novel high-performance photocatalysts.

KEYWORDS Radiation, Metal-organic frameworks (MOFs), Photocatalytic hydrogen production
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Fig.1 Schematic diagram of the mechanism of MOF
photocatalytic hydrogen production

1.2 ATFRENFSHHEE MOF #1

AR, 2R MOF MR F T 6 fi Ak 7= S
Fi, Hrp BAREEMAR UIO R4, MIL &4,
ZIF 2545 9, UiO R 5| MOF LA Zr* N 4 & s
BARIFF et S R da e, K240
ART RS B M, @ 5N A )
RE 16 T A AT 3 — 2 3 o 3L v W R R i me o
MIL % %] MOF £ L Fe. Cr. TiZ%idE 4@ AT
Oy, FAT SRR ) T AR S o e B R,
NH-MIL-125 (TD R B 5 & & M4k v 8 (24
2.5eV), TE] UL M A0 P S AT AR I 5% P
ZIF 2% MOF DL Zn> 8, Co* A& Jd s, Fiodk £ 2
KM A, BAEREERIRSRIFHSH
.ri [27-28] o

A MOF 5 56 A0 A4 RHE S 0 7= S U
U B S, (H A IEREAT 70 R SEBR A,
SRIATIG — 2890 ™ 08 (S el A Bk A 0 Ho—,
AR TF-FRESEE, MOFMETF&EE TS5
A LIS 22 Ta) B e A BEAE AR AR ES el ™
AWM TEERGREES, FRRERIFETH,
Bl et =2 H=, nf Wem Mya 4,
% H0 46 MOF M B85 58 BERR, AN AR RIS Ak
JEERIT AN, TR A G AE K FH RE R LL A 2

021504-3



MR S ES LY %M 2026,44:021504

5%, PR T XORBHAEMAI R, H=, REEAR
JE, TESCHEAL 23 AR 7K (P TR 1 BRI A B e, MOF
MBI LA, B 5 R AR W R, T B0 A S IR,
BEEARAA B D A8 2 R

Nt — BT MOF # BRI G AL ™= A,
WERETFR T 2R sins, FEAFELITIU.
—REBE 7B, @5 N EBARRE T8
4@ s Pty Pd. Ni%s) W Schottky
2, RHRA BRI &, Wf - NE
Ay (A BT SR 0 i B B R AR S PR B, 4
Zhang % B2 £ = 4> J& MOF W 421 5] A6 Cd &
TGN B 74 2 X T g B &, R4k S 1Y
Ho,-Cd, ,sN,.,,-NS 7E 1] W5t HEERF T 1 D A A A S0k
I F] 40.06 mmol/(g-h), 420 nm Kb ) W& T 2%
B EIK 29.37%, TG 5 B4 AN I B R 4 7R A B
BP AT S s A=A, HAZ O HLHIE T X & 8 B 1
TV J 11 6 P 1A I 42 i 35 ) T R R T
B, AV R, ER A G NE
PR BRASThREME R R B Rl TR Y. &
TRSIHAER], TG MOF A AT WL R
Ve 77, RIS R 5 30 H 45 A Y. il Lin &5 B
i i 7E Ti 3 MIL-125 % MOF it #& 5] AR [E B
RE] (—H FI-NH,) A S ekl o0 T ALY R T —Fib
= A4k MOF #4#} EY/NH,/H-MIL-125, Hrhfray
F T35 ml WG RE 77, T 53 40P AR RE AT
DL 3ot F - 7 RO I 3 6 AR HE - AN A4 31 43
R . =MECARR P EER TR EEE S
VI et PEBE . A A RHE BT ILOE TR B A =
S AT LA B 2.15 mmol/(g-h) , 378 78 T SUEC A LA
KB PCAR MOF. =2 #) & MOF 2 & & M KL, ¥4
MOF 54 eHL¥- Sk (@ TiO2v g-CsNay CdS
%) B, WAL, FIH SRR
P FL g (i gk AT 23 B8 B AN Zhang 5557 £
T NH,-MIL-125(Ti) @ZnIn,S,/CdS 73 2% H: Bt 5 Jii
gh. BT E SIS T L 5] E R S R
JRE, LA 28 UL 1 PR PR T e B R 43 B, F I CdS 11
J& o Znln,S,{E A% £ Ti-MOF fl CdS I 4%, 4
M T AR TR BB KRR 56
Y6 AL P S R IA £ 2.367 mmol/(g-h) B A K
At vl TR 9 NG TR, i
AEE. EHIETNRIM AR (NESRR . HRRE, %
J7 RGN BR I 4B A B B R B, IX
S Sl B T AR R A AT A SR AT A, A R
T-FRNEE, REBR TR AR, Fr

W& e S MOF AR REAF 4549, 4R 96 F AT 0ot
JEFE L B {5 Ma 2 4 L UI0-66-NH, 57,
LR BRI, SNBSS
UEW T3 2 0 S5 R BB R S G 0 T AL, KA
HZM 9.4 pmol/(g-h)FE = #1 381.2 pmol/(g-h).

2 ESHEAREIE MOF REESHE

H AT, MOF A8k & a3 BUR F AL G0 it 7K #4
RBURFIRGE . %7 VR K 4R S A PR AR
BIRTERE BRI, BHTRNEN, £ Eik
FE CEH N 80~220 °C) FlH £ 1T S N F/ N
BHCK, EI SIS B MOF 2. RE 1%
E ORI T BLA T TH I MOF 854, (H LA
M RBR M H 28 ™ 5, BRI 20 FLTE e (0 S5 400
SR AN FH A RE S (0 IR 2=, i dn 4 e it 72
HERERE S KRR, RBLFMARZ], B EREG
P R e, AR, ME DA B RS AL A e A T
8 S BAR R UE MOF AR R 1 Il ARt T

Mgt

21 EFEARERMOFRESAMREKER
BRI

B R AT DL 43 O H B A AN R R R
Can &2 Fras) ¥, Horb B AR 5 & o R = R
HLESHR AT (UnsoCo JRF=AE My S 26 LT s 28
AR SRR RMEEAER, £,
SNAR R AR (WH0. ZLFE. N, N-—
HIL B S S mpe i RMe s mE, &
EETERE L T (euq )y *H. ~OHZFH Hi3t
DL BS ) o 3 ey A ) b LA AR s ) S
W, %SRS T RKEMBIER, WiEERE
BRI RSN, R EE A LR AR
HReH, WomEEEE ST AL R SE P .
B R O B I B SR RIR AT TE R AR R /5
RA ATEBARIE N I S . 5 T S2BlghK
REERSHER IS S A @ G &, &5
B RNARRpHIE . &R E T SRR ES
e, WISEELN MOF #MEHITES . RAT. Sk gy
K ALE ARG HE TR 3 2, DR B i mARR
(R0 A B B B D L R R R AR 4 e N7
REINFA, FIHESE#ER EK 1 mm~1 m, 4
%300 MHz~300 GHz) IR AWJ5i 930, 1 A A2 4K
FEN T AL SR AL E R R, BT LB E R R
LI PRI T 3k T DL 58 B AN I B R B

021504-4



KRR s 5 STHOARAE AT HUME I gt 7K o] S e 750 ) 4% £ 12

TS HOR & MOF KL R SRR % 0 AE T
FRER S S  A EEEA na hE. &1
) RO S SR A T IR AL RN, P MOF
5 Iy REFE AR R ST A ELAE T . AN TR R S BOR
o RE B AL 1 75 X5 S SR R AFAE 22 57, {H Y
AR R S RE RN -TE VR A A - e/ B A UM
JRBN-FIIE S A T ISR M. H AT MOF
BRI SR A BOR B ARy AR B
THARS . WORAR A =28, =& 7£ MOF #il %37 5%
%A B N RS S A, TR AR R Y
BRJEIR . v a8 5 E e s, Re R L5
NATPEGRIE . SEILMOF & HE &M RHH] %, H
B2 AR AN U HRBRAE T AR SR (fneeCo
PO AR IE Hoy S 2w T e R, 2
BRS D SR AR 2 e AR AR, &
BRSO R VTS RHERAEA
A, B E A E . BT RS
OB TRERSE ST . KPR, A H )
BN SEBCMOF & i, REFE R T 1% G i i,
A AR A 1 5 2 A DL S B MOF 45 44 1) 2

w1, A MOF A HLECAR Oz B 1A AL AROOR L y S
nERE, HIBUCMSRE TR R E
& FLIEHER BV R S A0 3578 T S
BE) . TR AR RN, T G
MOF & B 1, RIS SRAE R AR, &M
TR Z HUH A MOF MR PRI & 1 ™o E R4
S A b 5 AR AN K /KL AR MOF 729, K 3
THE BB B 2 5 BRI TR, Bk
B HIRZ AR I FRERE, - Tk S DL i TS A
XA E IC 1A 5 AT SR AR R SR AN E T

ST IR SIRR (0 S ML SRR RE ST, AR
ERBEARTRERLHZHIHNFALES, Fe
JEAAKRLT . BT R REaWEZMIGEAr S
MOF BEAT A AR, il 4% B 2 DhRg U [A] O
I MOF E 5 44} 5, A5 5 37 7T AAE B8 S A
AN, WREEZABENILEANE, Bt
PRARE JE R T T I R A AR A A R R
AIER SRR AR, e A R IR
MOF & & AR W 1 %, JyZh g 17 2 MOF #1
BSR4t 7 B SR A2

S BV L VNN 2 Ky e epy &
Deuterons
H'ga'e Beta particle electron beams
Nuclear fission fragment}
e 10*12
igh-energy photons &4 10710
(Electromagnetic
waves
= 10°
electré?nv;;]enné{gs\lrvaves + 10™
Microwaves L 1072
(i)
\
2 BRI S B K AR R
Fig.2 Classification of radiation and schematic diagram of wavelength distribution
22 HBEEHEAREHMOFREEESHMRMKE & )& BT 5 AN A R AL 2H ek 72,

54648 MOF il % J7 A A0 L, 48 SR R A
TREFENS: —RRNFARM, SRR
MERRYETHT, CHEEAEERS, B
PEARRERE S HRAFHERE ;. R RNER SR, mfE
S 2 e PR PR S AR A AR TR R,

I 1) T 4 R AR O A, R T A SRV R A Y
SR =R A, 8RR A 2
B5 BARRA R TSRS RePAHE
A 1A S5 MR 52 1O MOF A4 8}; U2 P W) 20 FE AL 5+
e S 5 3 S L I A R I G TS A A D A A 7 A
B, G 1A BRI SIN, A AT 52T MOF #18

021504-5



LER I RTIE S Z T L R

¥R 2026,44:021504

PItERE; HREHEREZ, mEEATER S
& E-irk R, HETSCH MOF MR D Rgfh &
MR AME AT ER & UL EBS SRR R
FH, FR G0 I S BRAE R A G e e A
R G RAER SRR B AR e STy
A P4 2 AN EL
221 HERAEREEE, MkERKERHR

Yy B RE JunE . (ERVERET, REMA
B B MOF A R FHEER 2 — o B AHE G &
B v N SR AR G R BER MOF 4544
PR FEN JE A R ) B, Zhang 55 U G HT 4
Ky B R e o e S, B RS A . 2 S
W FEE R RS, /R E IR BN B HKUST-
1 B} MOF #t 47 4% FE AL B, — 25 i 5 HKUST-
1@Cu0 7 45 o KM TL TR RSN AR, Cu0
A 524 VR T 48 5 1 6 HKUST-1 43 @ 15 50 i) ik 3k
Zlh, RS EASRE, IR Sk T AR 1 S
JREIGIN . S RAEL R BoR, 4 S HKUST-1
THRFF R A4 g 42, [ H B Cua0 HIRFIERT
Wi, SR JFEAER B A T g % SUN Cu0
MR, ELRURL H B T O R g .
AR, 1257 0 455 4-fil 2 2K i Jir oy 4- 2
24 Ty P A e 3 23 005 4 HKUSST-1 48 T+ i A4S
RN, B S RRMEAM BT, BRI
ESE Cua0 5 NS AL P BEIG S R OB R 2R
222 HACEESRSAR, K IAKARFE BRI F &

AL TR R RE R ERHE. B
FEARSEHF AL, I MOF MR P | ARBEFES i de
fit 7 EEFARKAE . ChenZE ™ HUCKH 1.5 MeV
T BE LT R AR S EOW MOF & 1, L ZIF-8 Y Al
R, AR =R H 2 N AH B e R AT 8 A
BOS R, BE AR AL G R PR BRI AN =
R E, BT AR BRI ZIF-8 1T
P R L, B REXRT = AT & B Z b, 7E ZIF-8
T JFAL T 1S L 45 A A 45 B ZnO 9 K i
ki, FIhHIR ZIF-8@Zn0 7 i 45 . %57 45 M R
TEA MUY R A A B i el e It R 4 B I 7
IF 7 HL T SRR 5 E MOF 53 5 45 BRas 4 300 b 1 ]
1T, RAIKREFES] £ DB 5 M B MOF & &4 kL4
BT BT RN
223 RAZAINTIEETE, HERAEMALEMS
P RE

y 5 42 0T 7E MOF 1) J5 A7 & O A2 ok #E 51N
AIARERIE, AR AR 505 R BR YL 51 N ERRE I 5 il AR

PRGSO MR . Bk, Chen% " ¥ YR Tl
BE y SRR IR ROR,  SCHl R BB HL e 45 5 T ZIF-
THEZEM B SR — 20 & . BRI R =2
4 30 Gy/min [y 53 26 B8 5 J5 B mT 3R 145 5 45 o 2
ZIF-7, [RIN AR5 AT S AL 20k ZIF-7 B 28, 51
—NH H1-OH Jc J7 6k [ 7F T2 iS5 AL ) Can &l 3
Fram) o 383 4 WS TR  voRG v TR 42 Ak sl
FREE, MORATH [ A A% W 55 SR AE R 2 T SRR 1
S8 8E. HiEL, &SR0 E BE
ZIF-7 X S8 ATk (1) W B s R = 1) 3R B8 A 4 711
B R AR T 1~2 £, B R T W P AR
e, gk ShEE SRS MOF FIA IR IL T 4084z .

ZIF-7 N B I BRIE 8 th 6 A~ B A7 1 25 1) A BH 1)
IR B, SESLAESR A, EEBLRE A A5
TR . AR /N R DK o 5 A 2 DK e ] B I
AL, ¥ RILESIESIRF, i $E S AR
IYRETT . NEE— B ZIF-7 LA R F 5 6 o
Ae, ZEIBNEE T AR BRI, wit& iR &
Bl Ak ZIF-7 81 8k . K5 Zn(NO,),/WK /2K I K I/ DMF
RE AL %A R “Co y I 2RERIR (Rt
WS 7 & 50 kGy, & 2% 30 Gy/min), &3 il %
Z JCIR A BLAR MOF A1k U Zh el v mk e 1145 24
B A E AR HRGERI RS, BRI T AR
ZALRE S Ry Re 1. X — W AR & 45
BB MOF 2 2 TG LK MOF (RS & ARt 1 4
FAREAE.
224 BAMBAETH, BRILTEN ST

Cui 55 " FET AR BRI R34, @it y 27
B e o T B IR O A P 3 ) 5] N B R AT R 1)
A, s R ERA S &R S T, s
B & BB % 4 Ui0-66-NHL 2 I JR A AR K, ik
oyl & B ® & Bk BB W Ui0-66-NH, #& 1k i
(DUUM) . 45t 5EReRIES R B, ZH A M
A& KR . PXRD EEIESZ, DUUM
JEAE RARME K IR 40 d f5, UiO-66-NH2 145 i
PEADRFR S U BRI R 2K, B MOF it
WEAMR T BN 7.20% B 2 7.05%, #F—
W EIE T HAE RN K P g i fe e . f itk
REMNR R B, W20 40 d 5 JEAF 10 77 5 0 B2 A7 4k ¢
TR KT, RAF LR P BETK T DUUM JEE 8%
SR i R S IR e

RV % B G A S 5 A O B2 2 BRI
R, #2450 7 HARS e . WIS
PXRD K3l 548 BUAT JL-F- 584> — 3, 45& MOF

021504-6



KRR s 5 STHOARAE AT HUME I gt 7K o] S e 750 ) 4% £ 12

R MNP LA R RS E IR FF, 7 IE AUMOF R E SR BHERZ KA H . a3
ER IR N BE T AR

S 7 DUUM R H s s Re e vE (&4, iZitit

%Co radiation source
“ Defective ZIF-7

w
L & J
DMF
ﬁﬁi ;
_/\/\/_’ 33 25
. o ‘2? N &
s § ’ = {h L '}”«
v , o o }i%xr b
Zn(NO,),BHO0 < {h

2y 1{‘» i,i : r}
L

NS ‘C b
2GS o

Defect sites

Banzimidazole v Room temperature v Ambient pressure

v High crystallinity + Enhanced surface area

v Hierarchical structure

B3 GhAE ZIF-7 FUREA AL AT & B (Zn, VKIS €5 C, RN B € O, 20 H, DM CRE 6 LI 4 b
Fig.3 Synthesis process diagram of defective ZIF-7 and defect sites (Zn, ice blue; C, gray; N, blue; O, red; H, white)™"

(color online)

(a) ST (b)g {©
7 200 _
n o} g :
E Initial 2150
© ®5 =
= Saf B
3 5 3100
o2 ! =3t . i £
=, M. 304 i s
| )\ | 404 ‘ S
PSSR ¢ | (I 1F \ o
| [ |
10 20 30 40 0 10 20 30 40 40
287 (%) Soaking day / d Soaking day / d
Gl DuuM 1488 ®
7 ; 200F
| k : i &
= ﬂl,'_,_fuJ & ‘Bo?ﬁkGiy 25 ‘2-150
@© o =
;#Ij__g J\ 200KGY [ 34 =4
1l 150 kGy | = plooy
L |
M 100kGy | 2} 7 50
|
| 50 kGy 1 | @ .
s N . : oL o 1 IS ) e o s 2 " . " L L
10 20 0 40 50 0 50 100 150 200 300 0 50 100 150 200 300
28/(%) Absorbed dose / kGy Absorbed dose / kGy

MEEH

El4 DUUM BEAERIREEK HIRE (ame) UL (d~Dy FE IS [ XRD 3% B MOF $ 8 (MML) Ry 27 P B A2
Fig.4 XRD spectra, changes in MOF mass loading (MML) and mechanical properties of DUUM with (a—c) soaking in natural

seawater; (d—f) v irradiation””

BT H AR T MOF BEAMKZEEML 31 ESTEARE MOF KK EI S AL 7IH &+

3
) & MR

SE TR B B GUN 2, H
HAE MOF S5 Al K i S AT A R H RT3

HR S BOR & UK 5 — MOF A RHE e fiEAL 77 &
AU R I VB AE S A B 910 W 5 SR

RAM, MR LB P MOF e b SR B & ik e oh il 4 1 — bl 3 1 (5 il ohf

MOF 25 S ARG FPEREIR R -

021504-7

MOF, it N S-AlI-PMOF, #H Lt T1% 4t K Hk: 4



MR S ES LY %M 2026,44:021504

Bulk-Al-PMOF 75 % 180 °C 2 . 16 h, i 4t Bl &
B R 7 140 °C )8 30 min, S INTH] B 2. AHEE
F Bulk-Al-PMOF, S-Al-PMOF H. 15 % = f H faf 43
BIRLER, TR /NI LA AL H BH DA R R i RO Ji R
71, EHIEA P EEE (0.224 mmol/(g-h), £
5 Bulk-Al-PMOF 35 P4 1) 14 1% .

32 HESIRORTE MOF £ 8 &M R ELTIH &
TR

¥ —MOF MR, 85 ARG 51 MOF
HAMEBIN BB RSN, o=t he
AR, T R U A 0 Tai 55 B
B Gt AR S R (nCdS) 7R AR F IR
TEAEW. REEERNNGE, L& MOF 74 #
T R Z T 2 R M e T2, Ay
UHRARIBEOAR, LAMIL-125 JRToRis, @i iy
W) B i S5 R A, A B 5% (MIL-125/
TiO,/PYCAS) B 045 (TiO/PYCAS) HIE A
AR, SEBLE T WG - S )
MIL-125/TiO,/Pt/CdS [F{& B 7 MIL-125, LR
B (799 m¥Yg) @208l (652 m¥Yg), H
CdS. TiO:v PtEHEMMEHBIR T 705, ol
1% 2.98 mmol/(g-h), N&ECdS 1) 7.9 1.

o — WU 5t Tai & 0 SR A5 AE “Co v 48
W37 L 76.4 Gy/min (1) 7 & 2848 1 6 h % D) ] 4%
CdS/PYMIL-125 94K & & # Bl , Pt 44 K kL (2~
5 nm) ¥ 51 48 BT MIL-125 N &6, CdS g4 K i ki

K,Ptc,

(Z19 nm) 734 TR, TWREA AR5 3811
HENLER (B5. 25 ERD AR 1
AU A P A B, B omn 7 A Rk
6.78 mmol/(g-h), %) 7 j& CAS/MIL-125 1] 7.3 £i5 Al
Pt/CAS/MIL-125 H] 4.4 1, R E T UENT7.3%.
TSI R HZE EMELREA RiFfEtt, 4251k
TEIA J5 % M TC B B 320 . MOF & & M Rk fE 1 5
BURIE T =04 73 WrRIFE A . MIL-125 #0449 K 55
LA IR AL T, PeAE 9 H 7 B B I S A T
Iy, CASHRAL T WL IR 77, =3 TR 5 )i
CERIE RANHEDCE R - ESNE A, YT REREAR
6 5 A 2553 R R R SR T PR R, ] 1) £ R T v
A KR, s SO 1 2 (A e it T
Wrigz.

Devarayapalli 25 "7 3@ i fi 38 5 B8V, 5 ZIF-
67 Y513 BT g-CaNL K R TH, T K g-CsNo/
ZIF-67T % i &4 5 & Mk, ™A & X R
0.416 mmol/(g-h), & # g-CsNalt) 3.84 fi%. 1% 7 ik
TE I P AR S IR e B, R B TE) Py RAT 5
A FAE S E A, BERAGHREE, R,
THCIR I AP 28 A0 1 B A ZIF-67 DASE R — T A &5
M5BT g-CoNaRTH, TR TH 45 6 R % 1) 7
g, AR T PR R B AR AE 5 8 5 TR .
A, ZEM T ZEAERM. aTEtts, LHRE
PRV R RIS m Al E A MR, R IF IS5
FEVE N B o BRI T TR VEA AR R e Sk
FepEA I A BRI B e T O LAt o

Cd(CH,C00),2H,0 4 ;
NH,CSNH,
y-ray irradiation y-ray irradiation

MIL-125

Pt/MIL-125

CdS/PYMIL-125

5 CdS/PYMIL-125 4K AAPEHE T v 5 2edm I8 g ] 2 i 7
Fig.5 Synthesis process for CdS/Pt/MIL-125 nanocomposites using y-ray irradiation"”

BeAh, FEGHE T A R MOF/ R & 2 &4k
BRI LR ML ERE . Liu%E ™ R A48
SHEBOEAE R WM RSN T B B A mT
RS PR, TR T & & RS BB R R
S Ze K AS E MOF IR & 6 i, 15 Jaill
I A M 2R ORI B e B T R & e i A
K, RE AR R IG LA R (PMD.
o 1 5% PM i /E MOF B SR A VA W IO 5240 70
K &R & TP E g, SIA ZeCL s &R = .

B J 38 o 9 7R A7 v AT A K B R ) UO-66-
NH, JBE (UNPMD, 7 F AL H 51 A Pt 44 K ki
(NPs) J515 3| Pt@UNPM i, 7E Uttt -, @il
W% KoPtClLaf1) ' 340 J57 B 18] 1 5 B 2 T 19 Pe B 8
B AR E T B PR 45 2% T Ui0-66-NH i
BRI 5 R 2 A MOF [ (Pt@UNPM/PY) .
MOF 5 MR EVRIREHEEGREARRIIFE
PEFI AT 0 I . UiO-66-NH, 11t 7 1 7K #fa o o 45
a R G W E LA E 1 W A4 5 1 MOF R

021504-8



KRR s 5 STHOARAE AT HUME I gt 7K o] S e 750 ) 4% £ 12

[ s AT e SR AE PR RE . FTOT K (K MOF RO i AL 711
BT IEIR = A F L 600 h,  H N 1 A6 1)
PREF IR L SORFF 524, 600 h S J& #1845
KON T 1%, BARZRRKAFaRE, vtk
i SR A TR L SR B o i B R AR T SRR AR E
PE. SRR S 2GR R AT AT IR TR T 5

gi b, AR HOR & MOF B i /K AL
A TSR B T AP —RENEES
Jlik, BIAIA y S PR SR S BOR B &
JE BT HANEAR I B AL RN, i % B — MOF )t
fEART, 38 I 42 4 A S 2K MOF [ da R 45 14

L4854
FESE L

PI@UNPM/Pt

et tige; —REMNBSEEA R, A
8 5 H AR AE MOF ‘i 42 v J5 A7 7 35 4 8 9 K AL
P FRERRA Y, EREW. KR5S hE
4, HHMOF EF R E AR, SLBLSH ST
W FER, $RTF AT SRR . K RL A e}
FKETAFE: B MOF L. MOF/& 84K
WORL S A M B MOF/R & W 52 A 1 KL MOF/2f
FRE AP X bR} Y3 i B R S
Rl e, ELTESBARK i AU I A S M R
TG TE R AR TR

' MAH o :Z:Cl, o:PtNPs® : Pt@uio-so-NHEP :Pt@Ui0-66-NH, Pt

El6 Pt@UNPM/Pt 5 (1 il & i F w2
Fig.6 A schematic representation of the preparation process for the Pt@UNPM/Pt"*

4 HFRERE

THI X6 A BRVE () RE VR S5 A e Pk, R K BH B
T A2 i K i SR ST AT RR SR Rk FE IR BAR A2
MOF £k} DL S5 1) Z REVE R T B h 1, i
ZATIE R BB I E MR 2 — . BRI, g h
JOTVEAERERE . R G5 MRS A A 4% 25 T ) [
AEEE, BRE T MOF EOb @ ib It fe ) k. K
B8 AR N T MOF 386 6 4b = S0 R 1] 4% 2
28 32 Y FLPE MOF 45/ s i R d AR % . R
AT SOE I, (H 4R ST BR H1] % MOF b (i A6 55 47
AFAE DL SGHE R} 2% ) AT R Uk 4 3 5 MOF AH
HAE LR A A1 ;. MOF E58 5 3R 485 T 1K 1
FoE ks 8 I T2 B A 42 1) 5 B0 Ak D R 4
SRR IR AT R 5 RS R FH 1) mT 47 4%

MR BT R SRIRAN IR T AR S AR .
BZAME S SIS — PR XA A, 4
S AR AE MOF 6 40 570 TF & AR 380k 25 43 3
BN R — T, S 2 R X
RFE, WEMAREHASE R HMLS S,
Y R G015 WIAE 5T 5 MOF #4 B AR A I PLEE, 35

NGRS 1755 MOF 45 KIsAZ 1 A E R, DUl o ie
SYPREE TR MOF APBH) S0 A2 8 1 i) A g 2 18 52
o U7, AR ES TZES . T
RAR A H 5 SBAL R S IR B, e 8 S 48
S 2 BOR ) T AL B LSS, HESh &k R e
I MOF Bt EAL AR SEBLE . BEAh, AKFEARE AT
AR MOF 45 M IR RS HE R 71, Wt — 0 i
ZRE. ZIJREM MOF 2 R REu bk R, 4
JERPEH e RS, 3R TH6 A B 5 2 AR
B 77 SRR B BE il A RCR KB BRE . R0
AL TR PR T A B A 10 S P L 4 8 R0 58 7 i Y
FHHT S, HESD AR BE 6 A 4k 73 i K i S E A 17
WAL BERE .

EETIRRAERR YOS Rg f 5 A 8 R e B 5 4
F. MBERNRL; WEILAFTAE KSR,
WX E 58T, 0w S AR & A ik
BE, SWEH, EXX, HHEATHFHKERM
BEER. 2R EEANBENRERASL T T
W,

021504-9



MR S ES LY %M 2026,44:021504

R P

1

10

Zhou P, Navid I A, Ma Y, et al. Solar-to-hydrogen
efficiency of more than 9% in photocatalytic water
splitting[J]. Nature, 2023, 613(7942): 66-70. DOI:
10.1038/541586-022-05399-1.

Nishiyama H, Yamada T, Nakabayashi M, et al.
Photocatalytic solar hydrogen production from water on a
100 m’* scale[J]. Nature, 2021, 598(7880): 304-307. DOI:
10.1038/541586-021-03907-3.

Teng J, Li W, Wei Z, et al. Coupling photocatalytic
hydrogen production with key oxidation reactions[J].
Angewandte Chemie International Edition, 2024, 63(50):
€202416039. DOI: 10.1002/anie.202416039.

Lyu H, Hisatomi T, Goto Y, et al. An Al-doped SrTiO,
photocatalyst maintaining sunlight-driven overall water
splitting activity for over 1000 h of constant illumination
[J]. Chemical Science, 2019, 10(11): 3196-3201. DOI:
10.1039/C8SCO5757E.

Xu J, Fu C, Zhu Q, et al. Bridging copper-oxygen-
titanium bonds for methanol photoreforming to hydrogen
on zero-dimensional/two-dimensional Cu,O/TiO,
heterojunctions[J]. ACS Nano, 2025, 19(28): 26065-
26074. DOI: 10.1021/acsnano.5c¢06798.

Xu H, Yang S, Ma X, et al. Unveiling charge-separation
dynamics in CdS/Metal-organic framework composites
for enhanced photocatalysis[J]. ACS Catalysis, 2018, 8
(12): 11615-11621. DOI: 10.1021/acscatal.8b03233.

Liu S, Zhang Y, Wang M, et al. A near-perfect Pt
cocatalyst with a spatially oriented distribution of Pt* /Pt’
for photocatalytic water splitting[J]. Advanced Materials,
2025, 37(44): €08693. DOI: 10.1002/adma.202508693.
Sun K, Qian Y, Jiang H. Metal - organic frameworks for
photocatalytic water splitting and CO, reduction[J].
Angewandte Chemie International Edition, 2023, 62(15):
€202217565. DOI: 10.1002/anie.202217565.

Nguyen H L. Metal-organic frameworks can
photocatalytically split water—why not? [J]. Advanced
Materials, 2022, 34(20): 2200465. DOI: 10.1002/
adma.202200465.

TRPETE, TAEME, TN . SR HURE 3R R 1 46 S S
FABF Tk R [0]. K& 4n1k 1, 2025, 42(8): 1670-1683. DOLI:
10.13550/j.jxhg.20240685.

ZHANG Zeyu, YU Demei, HE Gang. Research progress
on preparation and
frameworks[J]. Fine Chemical, 2025, 42(8): 1670-1683.
DOI: 10.13550/j.jxhg.20240685.

application of metal-organic

11

12

13

14

15

16

17

021504-10

EH, REW, T, & AN ER R AT S
BRI b S 58U 2, 2025, 47(4): 380-396. DOI:
10.7538/hhx.2025.47.04.0380.

WANG Yue, WU Yigian, WANG Qian, et al. Research
progress in radiation chemistry of organic porous
materials[J].
2025, 47(4):
hhx.2025.47.04.0380.
FRIELN, HIRRE, LR, 55 . 4R A Y- TR
FEBHE) ] % 5 V5 REWE FE 3k R (1], SR T FL S s i T2
2 ), 2025, 43(5): 050101. DOI: 10.11889/). 1000-
3436.2025-0047.

GUO Zhenggang, TIAN Kunyao, ZHENG Hongxing, et

Journal of Nuclear and Radiochemistry,
380-396. DOLI: 10.7538/

al. Research progress on the preparation and performance
of radiation-induced organicinorganic hybrid materials
[J]. Journal of Radiation Research and Radiation
Processing, 2025, 43(5): 050101. DOI: 10.11889/j.1000-
3436.2025-0047.

KBNS, 5257, MK, 55 &R A HUHESZLH KL (MOFs)
AR FEL T AR S AR PR, AR A O T SR A L2 AR,
2024, 42(1): 010203. DOI: 10.11889/j. 1000-3436.2023-
0073.

LIU Zepeng, MENG Yu, LI Linfan, et al. Electron beam
radiation stability of metal-organic frameworks[J].
Journal of Radiation Research and Radiation Processing,
2024, 42(1): 010203. DOI: 10.11889/j. 1000-3436.2023-
0073.

Chen J, Zhang M, Shu J, et al. Radiation-induced De
novo defects in metal-organic frameworks boost CO,
sorption[J]. Journal of the American Chemical Society,
2023, 145(43): 23651-23658. DOI: 10.1021/jacs.3c07778.
Tai C, Liu H, Hu Y. Fabrication of CdS/Pt/MIL-125 with
effective spatial separation for improved visible-light
catalytic H, evolution using y-ray irradiation[J]. ACS
Sustainable Chemistry & Engineering, 2020, 8(49):
18196-18205. DOI: 10.1021/acssuschemeng.0c06598.
Chen J, Li C, Ding X, et al. Gamma ray radiation

promotes linker mixing in multivariate metal-organic

frameworks[J]. Angewandte Chemie International
Edition, 2025, 137(39): €202505957. DOI: 10.1002/
ange.202505957.

Devarayapalli K C, Vattikuti S V P, Sreekanth T V M, et
al. Hydrogen production and photocatalytic activity of g-
C,N,/Co - MOF (ZIF - 67) nanocomposite under visible
light irradiation[J]. Applied Organometallic Chemistry,
2020, 34(3): €5376. DOI: 10.1002/a0c.5376.



KRR s 5 STHOARAE AT HUME I gt 7K o] S e 750 ) 4% £ 12

18

19

20

21

22

23

24

25

26

Liu S, Huang Y, Cui S, et al. Efficient and ultra-stable Zr-

MOF membranes for photocatalysis:  synergistic

influence of Pt and lattice defects[J]. International
Journal of Hydrogen Energy, 2025, 145: 129-138. DOI:
10.1016/j.ijhydene.2025.06.076.

FIRHR, KR, AR, &5 — MR VA ME R Bk MOF 1) il
B O FOC AL PEBE[T]. fh 543, 2020, 78(7):
688-694. DOI: 10.6023/A20050141.
WU Qianye, ZHANG Chenxi, SUN Kang, et al.

Microwave-assisted ~ synthesis and  photocatalytic
performance of a soluble porphyrinic MOF[J]. Acta
Chimica Sinica, 2020, 78(7): 688-694. DOI: 10.6023/
A20050141.

W E5E, ZEPHT, YL . 4 )8 A HUAE JEh BHE el
R, ERFEE: fh 22, 2018, 48(9): 1058-1075.
DOI: 10.1360/N032018-00035.

XIAO Juanding, LI Dandan, JIANG Hailong. Metal-
organic frameworks for photocatalysis[J]. Scientia Sinica
Chimica, 2018, 48(9): 1058-1075. DOI: 10.1360/
N032018-00035.

Zhang T, Lin W. Metal-organic frameworks for artificial
photosynthesis and photocatalysis[J]. Chemical Society
Reviews, 2014, 43(16): 5982-5993. DOI: 10.1039/
C4CS00103F.

Syzgantseva M A, Ireland C P, Ebrahim F M, et al. Metal
substitution as the method of modifying electronic
structure of metal-organic frameworks[J]. Journal of the
American Chemical Society, 2019, 141(15): 6271-6278.
DOI: 10.1021/jacs.8b13667.

Qi S, Zhu K, Xu T, et al. Water-stable high-entropy metal-
organic framework nanosheets for photocatalytic
hydrogen production[J]. Advanced Materials, 2024, 36
(26): 2403328. DOI: 10.1002/adma.202403328.

Wang W, Chen D, Li F, e al. Metal-organic-framework-
based materials as platforms for energy applications[J].
Chem, 2024, 10(1): 86-133. DOIL  10.1016/].
chempr.2023.09.009.

Verma P, Singh R V, Banerjee A M, et al. Enhanced
photocatalytic hydrogen generation using UiO-66(Zr)
MOF with tailored modifications: a review[J].
International Journal of Hydrogen Energy, 2025, 107:
569-585. DOI: 10.1016/j.ijhydene.2024.04.193.

Yang S, Li X, Zeng G, et al. Materials institute lavoisier
(MIL) based materials for photocatalytic applications[J].
Coordination Chemistry Reviews, 2021, 438: 213874.

DOI: 10.1016/j.ccr.2021.213874.

27

28

29

30

31

32

33

34

35

36

021504-11

Li Y, Jin Z, Zhao T. Performance of ZIF-67 - Derived
fold polyhedrons for enhanced photocatalytic hydrogen
evolution[J]. Chemical Engineering Journal, 2020, 382:
123051. DOI: 10.1016/j.cej.2019.123051.

Zhou J, Zhao J, Liu R. Defect engineering of zeolite
imidazole framework derived ZnS nanosheets towards
enhanced visible light driven photocatalytic hydrogen
production[J]. Applied Catalysis B: Environmental, 2020,
278: 119265. DOL: 10.1016/j.apcatb.2020.119265.

Guo Y, Xue T, Kuang J, et al. Ligand conjugation -
induced microenvironment modulation in defective metal-
organic framework promotes photocatalytic hydrogen
evolution[J]. Advanced Functional Materials, 2025:
€22083. DOI: 10.1002/adfm.202522083.

Zhu B, Zou R, Xu Q. Metal-organic framework based
catalysts for hydrogen evolution[J]. Advanced Energy
Materials, 2018, 8(24): 1801193. DOI: 10.1002/
aenm.201801193.

Xiao J, Shang Q, Xiong Y, et al. Boosting photocatalytic
hydrogen production of a metal-organic framework
decorated with platinum nanoparticles: the platinum
location matters[J]. Angewandte Chemie International
Edition, 2016, 55(32): 9389-9393. DOI: 10.1002/
anie.201603990.

Zhang S, Lu L, Jiang J, et al. Organizing photosensitive
and photothermal single - sites uniformly in a trimetallic
metal-organic framework for efficient photocatalytic
hydrogen evolution[J]. Advanced Materials, 2024, 36
(26): 2403464. DOI: 10.1002/adma.202403464.

Wang S, Ai Z, Niu X, et al. Linker engineering of
sandwich-structured metal-organic framework
composites for optimized photocatalytic H, production[J].
2023, 35(39): 2302512. DOLI:
10.1002/adma.202302512.

Liu Y, Xin X, Shi Y, et al. Three-ligand Ti-MOFs for

Advanced Materials,

high-efficient photocatalytic H, evolution[J]. Chemical
Engineering Journal, 2024, 482: 149193. DOI: 10.1016/].
cej.2024.149193.

Meng X, Sheng J, Tang H, et al. Metal-organic
framework as nanoreactors to co-incorporate carbon
nanodots and CdS quantum dots into the pores for
improved H, evolution without noble-metal cocatalyst[J].
Applied Catalysis B: Environmental, 2019, 244: 340-346.
DOI: 10.1016/j.apcatb.2018.11.018.

Zhou G, Wu M, Xing Q,

et al. Synthesis and

characterizations of metal-free semiconductor/MOFs



MR S ES LY %M 2026,44:021504

37

38

39

40

41

42

43

44

with good stability and high photocatalytic activity for H,
heterostructured
photocatalyst formed by covalent bonds[J]. Applied
Catalysis B: Environmental, 2018, 220: 607-614. DOI:
10.1016/j.apcatb.2017.08.086.

Zhang S, Du M, Xing Z, et al. Defect-rich and electron-
Ti-MOFs based NH,-MIL-125(Ti)

evolution: A  novel Z-scheme

rich mesoporous
@Znln,S,/CdS hierarchical tandem heterojunctions with
improved charge separation and enhanced solar-driven
photocatalytic performance[J].
Environmental, 2020, 262: 118202. DOI:
apcatb.2019.118202.

Vos A D, Hendrickx K, Voort P V D, et al. Missing

Applied Catalysis B:
10.1016/.

linkers: an alternative pathway to UiO-66 -electronic
structure engineering[J]. Chemistry of Materials, 2017, 29
(7): 3006-3019. DOI: 10.1021/acs.chemmater.6b05444.
DeStefano M R, Islamoglu T, Garibay S J, et al. Room-
temperature synthesis of UiO-66 and thermal modulation
of densities of defect sites[J]. Chemistry of Materials,
2017, 29(3): 1357-1361. DOI: 10.1021/acs.chemmater.6b
05115.

Ma X, Wang L, Zhang Q, et al. Switching on the
photocatalysis  of metal-organic  frameworks by
engineering structural defects[J].
International Edition, 2019, 58(35): 12175-12179. DOI:
10.1002/anie.201907074.

Qian Y, Zhang F, Pang H. A review of MOFs and their

Angewandte Chemie

composites-based  photocatalysts: synthesis  and
applications[J]. Advanced Functional Materials, 2021, 31
(37): 2104231. DOI: 10.1002/adfm.202104231.

WAL, 52, T . H-60 VR 5 5E ST HR[T]. K4k
%, 2019, 34(9): 13-20. DOI:  10.3866/PKU.
DXHX201905001.

LIN Tingrui, PENG Jing, ZHAI Maolin. “Co vy -ray
source and radiation technology[J]. University Chemistry,
2019, 34(9): 13-20. DOI: 10.3866/PKU.
DXHX201905001.

Ahmed A, Boyle E C, Kottke P A, et al. Radiolytic redox
interplay defines nanomaterial synthesis in liquids[J].
Science Advances, 2021, 7(51): eabj8751. DOI: 10.1126/
sciadv.abj8751.

Chen J, Zhang M, Zhang S, et al. Metal-organic
framework@metal oxide heterostructures induced by
electron-beam Chemie
International Edition, 2022, 61(47): ¢202212532. DOI:

10.1002/anie.202212532.

radiation[J].  Angewandte

45

46

47

48

49

50

51

52

53

021504-12

Zhang Z, Cui X L, Yuan W, er al. Encapsulating surface-
clean metal nanoparticles inside metal-organic
frameworks for enhanced catalysis using a novel y -ray
radiation approach[J]. Inorganic Chemistry Frontiers,
2018, 5(1): 29-38. DOI: 10.1039/C7QI00577F.

KT, AR, XS, 5 B & MOFs BRI 7¢
HE 0. MR 4k T, 2022, 51(5): 1485-1489. DOI:
10.16581/j.cnki.issn1671-3206.20220322.009.

ZHANG Wanzhen, ZHAN Chuanwei, SHI Shuanggqin, et
al. Research progress on preparation of MOFs by

microwave method[J]. Applied Chemical Industry, 2022,

51(5): 1485-1489. DOIL: 10.16581/j.cnki.issn1671-
3206.20220322.009.

Islam M, Ahmed M S, Yun S, ef al. Harnessing radiation
for nanotechnology: a comprehensive review of
techniques, innovations, and application[J].
Nanomaterials, 2024, 14(24): 2051. DOI: 10.3390/
nano14242051.

Zhang M, Chen J, Zhao X, et al. A MOF@metal oxide
heterostructure induced by post-synthetic gamma-ray
irradiation for catalytic reduction[J]. Angewandte Chemie
International Edition, 2024, 63(27): ¢202405213. DOI:
10.1002/anie.202405213.

Ni Q, Zhang M, Tang B, et al. Rapid synthesis of carbon
quantum  dot-integrated  metal-organic  framework
nanosheets via electron beam irradiation for selective 5-
hydroxymethylfurfural Advanced
Powder Materials, 2025, 4(2): 100267. DOI: 10.1016/j.
apmate.2025.100267.

Chen C, Zhang Y, Hu C, et al. Scalable upgrading metal-

electrooxidation[J].

organic frameworks through ambient and controllable
electron-beam irradiation for CO, capture and conversion
[J]. Separation and Purification Technology, 2025, 363:
132270. DOI: 10.1016/j.seppur.2025.132270.
Xu X, Xia L, Zheng C, et al. Unravelling nonclassical
beam damage mechanisms in metal-organic frameworks
Nature
10.1038/

electron
Communications, 2025,
s41467-024-55632-w.

Jiang B, Wang H, Zhang Y, et al. Microwave-assisted

by  low-dose microscopy[J].

16(1): 261. DOI:

synthesis of Zr-based metal-organic frameworks and
metal-organic cages[J]. Polyhedron, 2023, 243: 116569.
DOI: 10.1016/j.poly.2023.116569.

Chakraborty D, Yurdusen A, Mouchaham G, et al. Large-
scale of metal-organic frameworks[J].
Advanced Functional Materials, 2024, 34(43): 2309089.

DOI:10.1002/adfm.202309089.

production



KRR s 5 STHOARAE AT HUME I gt 7K o] S e 750 ) 4% £ 12

54

55

56

rfE, WIS E, BB, S5 IR T AR PR B IR R R
Ui0-66-S JIF il £ Sz He AR o 7K 2 7 I TH BR ). %8
SR 9T 5 B A T2 22 4, 2020, 38(3): 030203. DOT:
10.11889/j.1000-3436.2020.11j.38.030203.

GAO Jian, LIU Meihua, WEI Wei, et al. Preparation of
large-size UiO-66-S films based on radiation grafted
substrates and its mercury ion-removal performance in
artificial plasma[J]. Journal of Radiation Research and
Radiation Processing, 2020, 38(3): 030203. DOI:
10.11889/j.1000-3436.2020.r1j.38.030203.

K4, TRVEAR, X, S S AE L BRAB I A IR AL AR R T
VR R I e e i SO i S 2 2 O B e
(). %8 S BT 92 5 58 5 2 54, 2024, 42(4): 040201,
DOI: 10.11889/j.1000-3436.2024-0028.

ZHANG Jin, ZHANG Yanglin, LIU Kun, ef al. Radiation
construction and display performance of a thioglycollic
acid-modified cadmium sulfide quantum dots/polyvinyl
acetate gel fingerprint film[J]. Journal of Radiation
Research and Radiation Processing, 2024, 42(4): 040201.
DOI: 10.11889/1.1000-3436.2024-0028.

TR, DI, FE— L, 55 4RI S Zn(bde)(dabceo),
HE PR 1) 28 S S AR SR PR PR RELT]. FR S B S SR S T2
2 ik, 2024, 42(6): 060205. DOI: 10.11889/). 1000-
3436.2024-0095.

WANG Xingxing, CUI Shuaichuan, Huang Yifan, et al.

57

58

59

021504-13

Radiation-induced preparation of Zn(bdc)
(dabco),; membrane and its light hydrocarbon adsorption
Journal of Radiation Research and
Radiation Processing, 2024, 42(6): 060205. DOI:
10.11889/j.1000-3436.2024-0095.

AFUIEN, ERR, X, &5 QKA @R 4T 4EER 1)
R A ) e BN = S SR R B 22 BR (D). R A A AL S
A T2 2R, 2024, 42(4): 040204, DOI: 10.11889/
j-1000-3436.2023-0089.

FU Lili, WANG Zhijun, LIU Kun, et al. Radiation

performance[J].

preparation of nano-oxide@microcrystalline cellulose
and its adsorption and removal of trichloroacetic acid[J].
Journal of Radiation Research and Radiation Processing,
2024, 42(4): 040204. DOI: 10.11889/j. 1000-3436.2023-
0089.

Cui S, Wang X, Huang Y, et al. Preparation of defective
and stable MOF membrane for enhanced uranium
extraction from seawater[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2025, 717:
136806. DOI: 10.1016/j.colsurfa.2025.136806.
Tai C, Liu H, Hu Y. Fabrication for improved
photocatalytic H, production using y-ray irradiation: yolk-
shell and hollow structures derived from Mil-125[J].
Chinese Journal of Chemical Physics (In China), 2023, 36
(3): 329-345. DOI: 10.1063/1674-0068/cjcp2104074.



