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ABSTRACT The reduction of high-valent metal oxysalts to lower valent states represents a critical pathway for

their resource utilization. However, the inherently low redox potentials of oxysalts such as perrhenate (ReO, ) pose

significant challenges to conventional reduction methods. This study demonstrates efficient y-ray-driven radiation

catalytic reduction of ReO,” within olefin-linked covalent organic framework nanoreactors incorporating transition

metal centers (M-COF). Owing to spatial confinement effects and tailored electronic structures, the catalyst

facilitates a unique three-electron (3e ") transfer pathway, achieving near-quantitative selectivity for ReO, production

with a remarkable energy efficiency of 42.1 mmol/MJ. Mechanism investigations reveal that hydrated electrons

(e,, ), generated via water radiolysis, participate in the electron transfer process and promote the formation of key

[M-O(O)-Re] intermediates. This work expands the application of COF materials in radiation chemistry and offers a

novel strategy for treating redox-inert pollutants.

KEYWORDS Covalent organic framework, Radiation catalysis, Confined active sites, 3¢~ Reduction, Perrhenate

CLC TL13

I U 4 e DR AR e B WLBR R BE L AR DA
KR A AL S SRR, RS UR . AL L
S AN R B T I R T R X e G R Y
R B RS, AR, E A AR R AL
R (R R S O e R A E AT PR N
DL B IR A ], AR A IA i PR A 52 () MR e i PR
K4 1.2 V (E°(Re0,/Re0,)=0.51 V, E°(MnO,/
MnO,)=1.70 V), {§i154% G5 ik J5 75 v 4 0] Wi s Bk R
AR A RS, #OE R FEEARA SR TS
BALH, AMUReFEm, EREEEHRRED; ik
JRIE N 32 1) T 2218 W -4 B sh i, S Eud
BrTbwmr, R A SR R — 2P BRI TR R AR A%
o PRI, JF R BB ROBOE R S H IR AR AL
I Ji R PR S EL A B T

IKAE R T Ce,, ) J& 7K 70 14 Al 1 OS5 72 ) 22
— UL BT AR R RPN TR N AR R, R I AR R Y
R AE I (EY(H,0/e,, )= - 2.87 V", At & A

T AR 1) v SO TR AR AL T W& R . S I = BRI 2
(ReO, ") ) 1o 348 ST AL AR B, I IR N B AR LA 2L
KFR, ATAERAIESE N/Cw KR E
B A HUHE 22 6B (M-COF , M=Ni.Cw), iEidE
P AL EE 124 ReO, R 808 JF N ReO, . 1A RERT
JE A LA I R R B R, R B R R P R
EE, REAERESELTE . MEE R
AR E L. PL1,3,6,8-PU (4- R 3L 2R )
EE(TFP) A 5,5"- X0 (2 FH 28D -2, 2'- Bkt g (BCP) A
Bk, (R RIS T 8 Knoevenagel 46 &
SN BT R B2 I TB-sp™-COF . %A B B A
TR 1R 9 oK L R AE 8 1) L BE g 40, L 2 [R) BR R
RN T MR S A R LR B TR R A
o5, TERRE BRI IE A7 A b2 BB A7 Niv Cu %5
SR, W T HAA R T WO 2
PGy, TTA5 2 3E FH T 48 S 40 B 1) Ni-COF
#1Cu-COF.

021510-2



SR 5 T2 ¥R 2026,44:021510

(b)), TERBILIE SR FEF, MEEA I
KR AN 7 BRI 5 2% T HH R RS 1 JOREHR S
T P B E T S5 4B (HRTEMD R4 3k — 25 36 1
(B 2(c)~(0)), ¥4 )& 151 A\ 53 COF # %}
C110) & T B4 &A% 1) 25 AL 2.6 nm Y47 %5 2.4 nm, X
5k R X SR AT S (PXRD) FEIHE b 317504 A 3.18°
A% 28 3.32° 1) 45 AT R (B 2(g)) . 7E Ni-COF Al
Cu-COF [ X S 2t 1 e il (XPSO o, J3 il
F|Ni 2p 5 Ni LMM ffk &g, BLK& Cu2p 5 Cu

TB-sp2-COF M-COF(M=Ni, Cu) Re@M-COF(M=Ni, Cu) LMM ,ﬁk_ﬁm% , lﬁi T Ni 5 Cu E‘JEEUJ ﬁl ?—Ft . Ni-
1 M-COF H-THRAHEMLIL A RO, COF F1 Cu-COF [#] Brunauer-Emmett-Teller (BET) Lt

Fig.1 M-COF for the radiation catalytic reduction of ReO, !

FT AR 5~ 285 m*/g F1203 m*g, FWTESI AL
R BT E2MESEM EGER (B2~ FESEGEMEMREEZ AL MR (B 2D,

@

® /| O Ni-COF Ads/Des
& /| O Cu-COF Ads/Des

‘aOOQO ¢ o

o
o
000009 5

| @%&%&%&W*

= Cu-COF

5 1015 20 25 30 35 0 02 04 06 08 10
201() P/P,

0

2 (a)TB-sp>-COF H1(b)Cu-COF ] SEM 1% ; (¢)TB-sp’~COF [ HRTEM [R5 1 () o r i igk [X 38 16 {8 L IH-3r v P
(e)Cu-COF [ HRTEM KGN (£ & i i [X 45k f 4 L - 1) s (@) TB-sp®-COF \Ni-COF Fll Cu-COF [ PXRD i ;
(h)77 K K Ni-COF 1 Cu-COF ft) N, W it Jff 2535 £
Fig.2 SEM images of (a) TB-sp’-COF and (b) Cu-COF; (¢) HRTEM image and (d) Fourier-filtered image of the selected area of
TB-sp>-COF; (¢) HRTEM image and (f) Fourier-filtered image of the selected areaof Cu-COF; (g) PXRD patterns of TB-sp™-COF,
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Fig.3 Variations in Re concentration (Ac(Re)) influenced by multiple factors, including: (a) incorporation of M-COF and exposure
to irradiation; (b) absorbed dose; (c) initial Re concentration; (d) solution pH; (e) atmosphere; (f) schematic representation of the
catalytic pathway for the radiation catalytic reduction of ReO,~ using Ni-COF !
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