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Abstract Multi-metallic MOFs, characterized by multiple metal active centers, exhibit promising potential in the
catalytic activation of molecular oxygen owing to the synergistic electronic effects between different metal species. In
this work, a BiFeCo-MOF material with Bi**, Fe®* and Co* as multi-metal centers was successfully constructed via a
static solvothermal method and applied to the efficient aerobic oxidative dehydrogenation of terpinene. The as-prepared
Bi,Fe,Co,-MOF-BDC-150-24 catalyst was systematically characterized by X-ray diffraction (XRD) , Infrared (IR) ,
scanning electronic microscope (SEM) , X-ray photoelectron spectroscopy (XPS), and NH, temperature programmed

desorption (NH,-TPD) , confirming its stable structure and the presence of multi-metal electronic synergy. Under
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near-ambient conditions, the catalyst enabled the selective conversion of the C—C single bond in terpinene to a

C=C double bond without any external additives, achieving a conversion of 96.1%. Moreover, the material exhibited
good substrate versatility, providing conversions of 97.2% for y-terpinene and 93.9% for phellandrene. Recycling
tests showed that the catalyst maintained high activity after five consecutive runs, demonstrating excellent cycling
stability and promising potential applications.

Keywords Multi-metallic BiFeCo-MOFs; Air oxygen activation; Terpinene; Oxidative dehydrogenation; Synergistic

catalyst
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1.2.1 @A EH % Bi-MOF-BDC-150-24 ()45 % : HERAFRE 3. 881 ¢ Bi(NO,);+5H,0(8. 0 mmol) , #
AR 60 mL N, N-—FEEHITERE (DMF) th, #2357 h10. 996 ¢ % 4 — 2 (H,BDC, 6.0 mmol). )5
VA VAR R IR S N B TR BiREas b, =R 4 h e, BB RAEW I 2T,
FEAE 150 CHEAR h S Sk 24 he RS BGEIFR I 2500, (5 DMF FUJCK S B3 3 s 4 IR G T
80 “CTFTid %, FEdhic A Bi-MOF-BDC-150-24.

Fe-MOF-BDC-150-24 1] & B 3 # 5 Bi-MOF-BDC-150-24 #H{l, H J& H Fe (NO,) ,-9H,0 {8 & T
Bi(NO,),*5H,0. Co-MOF-BDC-150-24 {4 W3 F2 5 Bi-MOF-BDC-150-24 A4}, X 5JEH Co(0Ac),*4H,0
AT Bi(NO,),+5H,0.

Bi,Fe,Co,-MOF-BDC-150-24 [ & % : #E #f #% & 0.970 g Bi (NO,) ,*5H,0 (2.0 mmol) , 0.808 g
Fe(NO,),-9H,0(2. 0 mmol) F1 0. 996 g Co(OAc),*4H,0(4. 0 mmol) , ¥ HEfETE 60 mL DMF Hr, 5
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J10. 996 ¢ H,BDC (6. 0 mmol ). #K J5 K B4 7 0 A 3R DU £ At B TG T i FEas b, 7e = IR T 3k
4hg, KWHEBBIAFEN NS, FHE 150 CRMAE h#SstE 24 h. FHEBCGE IR AR Z=0, #H
DMF FIJC/K L BEEGE 3 804 U5 T 80 “CH T 7%, FE4hic A BiyFe,Co,-MOF-BDC-150-24.
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Fig. 1 XRD patterns of BiFeCo-MOFs material
(A) Monometallic MOF and Bi,Fe,Co,-MOF-BDC; (B) different molar ratios of metal ions/ligands ;

(C) different molar ratios of (Bi+Fe)/Co; (D) different molar ratios of Bi/Fe.
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I3 T B S4 FIER S3 (WA S HFF R ). IR T W, , 4 J@ MOF F1 2 4xJ& MOF BRI L& 1w
FRTE 10~25 m’/g BTG N3N, R S B N TR LT AAAEALIE , H R AR AT BB B A AR I
PR B B R S 22 ) HE AR A i 2% B B it . Bi,Fe,Co,-MOF-BDC A% i 19 FL A& FUAH X T Bi-MOF-BDC Fl
Fe-MOF-BDC b BH47 B 22 T, 5 Co-MOF-BDC A4 R} B FLARFE R 4230 . A XS T 842 J@ MOF #4 %},
Bi,Fe,Co,-MOF-BDC A1 BH - FLARE K, X AT RS 1 T[R4 8 B 7L [RIA 50 MOF 4 A 1) 5 4R g 44
B AR AR AR R AR A TR Z BN . FLIARB R TR SR 3 T Be A R F o T AR
53 F1E BiFe,Co,-MOF-BDC A4 #H5 I W B, XoF 43280 1 1 AL AR N 400 0 F- A ol A — 2 I (2
YR

[l 2 k¥ 4: J& MOF 5 Bi,Fe,Co,-MOF-BDC #4 £} ) SEM B8 J . Bi-MOF-BDC £ A~ A U BROpR 47 {4
[ 2(A) |, Fe-MOF-BDC A AFLI AR [E 2(B) ], Co-MOF-BDC A AHLMBLIR[ E 2(C) |, 1 Bi,Fe,Co,-
MOF-BDC WA i ARTE dh iR [ 2(D) |, TES B B R TE F o4 @ kL, B £ 48 MOF .2 & % .
EDX 73 #r (Kl 3)if—2P0ESE C, O, Bi, Fe Fl Co LR IS 34 TAE A [EI3(A) ], AEHE[ &1 3(B) 178
WORS IR PR, EDIEH I & S e R B — i . Bl 2 8 IR T AN (BitFe)/Co BE /R LT
BiFeCo-MOF-BDC T8 85 i A8 « fIGEE /R FL B 2R AL0 Bk [ ET 2 (E) ], JBEJR L3 i 30/ RO £-fR
maR LB 2(F) ], BEIR LR 11 BT B KARTE SRR [ 181 2(D) |, BEIR L Ak 23 i MR TP fb 4 R 1
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Fig.2 SEM images of different MOF's
(A) Bi-MOF-BDC; (B) Fe-MOF-BDC; (C) Co-MOF-BDC; different molar ratios of (Bi+Fe)/Co: (D) 1:1, (E) 1:7, (F) 1:3,
(G) 3:1, (H) 7:1; different molar ratios of Bi/Fe: (H) 1:1, (I) 1:3, (J) 3:5, (K) 5:3, (L) 3:1.

KK 2(6) 1, BEIR B i W R K R SEAS L Btk 246 [ 8 2 (H) |, B Bi, Fe S AH TR
FLE . R [A] Bi/Fe B IR HC T 45 00 52 UL T 2 (1) ~ (L), BEJR A 10 3 B S ARk RS A — iR B
(B2 ], BER TS Z 35 RPN B 2(0) ], 1: 1B RE 2 RAF S — i & 2(D) ], BE/R I
HE— A1 i D) BN RS AR ER [ & 2(K) 1, BER LR 30 1 etk fh A i 25 k[ 1 2(1) .

&1 S5 (WA S SR 8. AN ) 43 @ 5 —F/Be A EE /R LA B BiFeCo-MOF-BDC [ SEM i f. 4 B8R
ek 2: 30 [EIS5(A) ], MRHZ/INRSHERIR S R S AN R /MRS SR TR G50 s BE R HL 3 28 1 1 B
[EIS5(B) ], ERAR AN, MBIE MR 2 H R SEARY), BEREE A 4:30F[ES5(C) 1, dbik 32 A RiaE
HRGHHIE ORI S5 E— 3w B R L[ &1 S5 (D) 1S BURIE ff A R 14 3 etk SR AR A, 136
Wi i & m B T S B AR T AR TE dl A . 1 S6 (WA SC 2 R34 B0 AR A Bk R
SEM i J7. 110 ‘CHFLEIS6(A) |, MRLIARINBCR R 32, MIEH D, RUGR T Mk 218 ; 130 Chf
[ S6(B) WRTE fb AR TR 3R, (BATS S Bk fiA, 150 “Ch [ B S6(C) 1iuiA L RF 4 — B 4 K AR TE ;
T HE— 2T [E S6(D) |, WIRRTE Sk RT 028 58, U6 PR 1 i & R 3l i ol s TR . B1S7
(A SRR ) R T A T RS B RESR A m . s 12 hBsf [ S7(A) ], I AR 25 8
RV E 18 h[EST(B) ], RoF 2258y ; v 24 hiF[ B S7(C) IiiARTE S 5 — 5 ks e K
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Fig. 3 Element mapping(A) and EDX spectrum(B) of Bi,Fe,Co,-MOF-BDC-150-24
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0.2 eV, Fe, 25 G RE(711.6 eV) 44 Fe-MOF-BDC (711. 8 eV) FEM 0.2 eV E 4(C) |, Co,,,, 45 £ fiE
(781.3 eV)# Co-MOF-BDC(781. 0 eV) F+15 0. 3 eV[ K1 4(D) |. XEZEAREAI LR Fe T AT T
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Fig. 4 XPS spectra of monometallic MOF and Bi,Fe,Co,-MOF-BDC
(A) Survey spectra; (B) Bi4/’; (C) Fezp; (D) Cozp.

K F NH,-TPD XF A [R] MOF #4 RO Bt T T RGEWFTE . WE S(A) iR, Co-MOF-BDC{XAE 220 °C
B3 1 30 55 MO R 0, SR 1 R 0. 531 mmol/g, FEEHHAL G /DR 55 MR 47 5 . Fe-MOF-BDC i JIi B 0 457
250 “CHT, B2 Jy 2. 837 mmol/g, FRAV 3 JE FIEL X945 BT 4 5 . Bi-MOF-BDC SR HE IS 15 (2. 213
mmol/g) , (HILPER A T2 440 °C, B/n HFRIRE B2 W & . £ 48 Bi,Fe,Co,-MOF-BDC [ 2R i i5

(A) (B) ©
5.138 mmol/g (Bi+Fe)/Co=7:1 1.971 mmol/g/\ il
i J 5 Fe=3: ; mmol/g
BioFe:Co MORBDC /L—- (Bi+Fe)/Co=3:1 5.462 mmolg /" \ | D A
Co-MOF-BD C0'531 mmol/g Bi/Fe=53 6.776 mmol/g
e (BitFe)/Co=1:1 5.138 mmol/g/\‘___ . 5.138 mmol/g
2.837 1/ Bi/Fe=1:1 ) /\
Fe-MOF-BDC_~\2-837 mmol/g 4
(Bi+Fe)/Co=13 1238 mmollg . Bi/Fe=3:5 4.881 mmol/
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1 1 | 1 1 I | 1 | | 1 | | 1 |
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Fig. S NH,-TPD curves of different MOFs
(A) Monometallic MOF and Bi,Fe,Co,-MOF-BDC; (B) different molar ratios of (Bi+Fe)/Co; (C) different molar ratios of Bi/Fe.
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5. 138 mmol/g, BRI, T2 440 °C, Ui ZF0 &8 &5 1M U RVE o it 1 =F & B AR e
PE, AR THAL RN . B 5(B)FH, Ffi(Bi+Fe)/CoFE/R L THE , BiFeCo-MOF-BDC B i iR et hin 5
FEAK. RIS Bi M Fe &t AN 2, SRR AL AR A PR, 3 52 i Lu ol rT 3 s iR v, (Ha B IR L I
M-SR TR . 254 XRD 5 SEM AT Al A, 2o & B R L sAR B4R S 4G i IR e 2oy, (H AhiA
RGFad KA o5, FERFMERYE . I 5(C)EoR, Bl Bi/Fe BE/RELTHE, BEREEZ AN . XRD 45
R, BE#5 Bi/Fe BE/R TR, Fe-BDC 25T ST ISR VRS , Bi-BDC 2517 56T 06 5 i S 1 ot J Wi
Ui BRI 5, 22 B 58 Biv oA, DRI BiT B8 7K HL G I G5 T M RHIR P .
22 HMiMEREEEELHES

1 BZE T IR MOF A BHEE AL FA TR S AL S0 S 253 . A i AE R0 B S i JL P A & A (Entry
1), {#i Ff] Bi-MOF-BDC Ef, Fe-MOF-BDC Fs} 7R JCi% 4 (Entries 2 F13) , Co-MOF-BDC AL TG MERAR , Hafb 5
{2 52. 8% (Entry 4). Bi,Co,-MOF-BDC 5 Fe,Co,-MOF-BDC 1 % 1k % 43 51l 4% 7+ & 70. 0% 5 75. 9%
(Entries 6 f17) , 2B HIEPEREOL T Co-MOF-BDC. 4R FH LA Bi**, Fe fl Co* AL &R .0 ML 48
Bi,Fe,Co,-MOF-BDC I} (Entry 8) , 554k 33k 5] 96. 1%, B3 5 T 3 Fh 84 )& MOF ¥y 3R 4 1At 1k 250 R
(Entry 5), U8 = FP & 8 A6 E 4 LABCADE LA AR R S BIR A . 456 XPS /M, Fe BliE T Co™
M= Wifs, fEiFEm Cov b, (i Bt i) 4050 TR B F- 6 Ak o RS A . [l , Bit iy
AL T EHE BI5R Lewis RO, FI TP I C—H WL . HIt, 24 )8 MOF H Fe* 5 Co® )
PRI A ST TS ARBeR , T B SR A A sER R PR 2L R T A RMIL S i fi A RE

Table 1 Oxidative dehydrogenation of terpinene over different materials”

Entry Catalyst Conversion(%) Selectivity (%)
1 _ - -
2 Bi-MOF-BDC-150-24 2.5 100
3 Fe-MOF-BDC-150-24 1.6 100
4 Co-MOF-BDC-150-24 52.8 719
5 Bi-MOF/Fe-MOF/Co-MOF ( physical mixture ) 42.7 78.3
6 Bi,Co,-MOF-BDC-150-24 70.0 73.6
7 Fe,Co,-MOF-BDC-150-24 75.9 75.3
8 Bi,Fe,Co,-MOF-BDC-150-24 96.1 88.5

* Reaction conditions: 50 mg catalyst, 3 mmol terpinene, 10 g cyclopentanone, 30 ‘C, 10 h, air flowrate: 30 mL/min.

B 6(A) R T 48 B F/IC A EE IR He Xt BiFeCo-MOF-BDC M RMIEAL TG PER 520 . 7T 0, B 25 BE /R L
IR, FATHIS B 55 Ak 328 4 vo 1T 7= %o < B K A e R Sl b v SIS BRAR , R R R H b 4 3 Bf ik 31 i
. 454 XRD FISEM AL AT UK B, 244 i B /B R EE IR HL AR AR A 45 T BB, eI AR} 52
INRGTERAR AR S5 AR R R IMRTE SR TR A TR, X RGBT MR IR B fi AT PO S Rl
DK A R A TG RIS . BEE &8 B T U I 3G 5, MORRZ AR KO L R T S RS54, A1k
HRe R A A T P A S RS T v, B T AR AR L AR E— b A K B B 2 R T
PEOL SR, 13 2 M ERPEN 5 S BRI R NI 2, S P BE AL, R, R 4R
B FMCAREE IR Fehy 4:3. B 6(B) s Y T (Bi+Fe)/Co B /K H X BiFeCo-MOF-BDC 44K} fi 4015 7k 1) 5%
M. AEI AT LA 2, Bl (Bi+Fe)/Co B /K FL 3G S, M THIS I 5 Ak S R0 R AR A i e BT 5
Bl G R . S5 A AR RAE T LIEH , 24 (Bi+Fe)/Co BE/R HLERARET, B FA1RH Biv I Fe A& b4
fiX, FEFe™ 5 Co WA EAEFEEERSS , TR SRS RRCR AR, NI FBUR Y Lice . [FeT,
SEM A /R EBE /R AT 12 1, APRHCIETE e R AR5, B8R R R G5 F FET IR 25445 R
HEACT SR 4 T4 i, {H NH,-TPD 43 B 25 S UL R R b B S A (4 s R 1k 7 s BE BAIK, AT 26
B S IRY 5y F R 1) C=C AU () 55 A1 BAE T, S BUR IS AL AR BAR B P05t e i i i B AS
. YRR (BitFe)/Co BER F I, SRR Co™ 3 8 FRAR G 8000 TR AL SR IRAR , (B4R R
PEAT BB, X EAS IR BTG AL N2 S, DT A Tah 47 LA 2558 oo 1 o 38 e DI 2 £k oy 7 i e <A
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12 SR, 24 (BitFe)/Co B /R it i i), BiFeCo-MOF-BDC 1R Co 1 &1 B 35 T I, HATRIER N
RIRGFARBI IR ZE 4 , T 3500 A2 11 5 88 O MEAL TS PR S08D , BEAR T MPRNG fb 3 iR, A
M58 AR T AR AL T P, E MR RR M 10 55 0 5 B0 P i e PR ARG, TR B A 119 (Bi+Fe ) /Co
FEJRH R 1:1. I 6(C)/RH T Bi/Fe B /R HXT BiFeCo-MOF-BDC AL IGPE RS20 . MR FR Al L, 24 B8R
LA 1:3 5350, IREALR A Pk BRI, X SA RN R o B AR EAHOC . B BV 51 A
TR, MR R MEZ G o , HAR B B A AR Y — SRR I 5 M AT LUAR LT )
FRR R, (AR B RIS AL IS (ORI =, DR Rk R A AT M B 1 . 2 Bi/Fe JBE /R
LR 1 L, BV % AL S R = 0 S AR A P B R AT BH S A AT . A RLRE DG ) R AR 25 SR 1 BH
Bi* il 5 5 | A2 FEOA R EE AT — e FEEE TR, RIS AR A T A5 1 ph A2 T80 2 A8 Sk AN R DU etk 5
F, PR R TR B EA H5  1 4 JE TE P 7 s OV AR I R 5 ok, s KRG LRCRRRAR, 1A R
iR 5t B T — 24 R T B B ) AR B 3 8k PR B M AN T R AR SR R AR . 2R A R S5,
ERAIE ) Bi/Fe BEIR LA 11 1.

e (A) Conversion of terpinene | = (B) Conversion of terpinene | © Conversion of terpinene
% 100 - mm Selectivity of p-cymene % 100 L B Selectivity of p-cymene % 100 L mm Selectivity of p-cymene
Z 90 Z 90 Z 90t

Q Q Q

2 st 2 50t 2 sop

B £ oof £ Gof

S| S o SN

30
2:3 111 43 53 1:7 13 Inr 301 7:1 1:3 335 111 5:3 3:1
Molar ratio of metal ions/ligands Molar ratio of (Bi+Fe)/Co Molar ratio of Bi/Fe

Fig. 6 Effect of synthesis conditions on the catalytic activity of BiFeCo-MOF-BDC
(A) Molar ratios of metal ions/ligands; (B) molar ratios of (Bi+Fe)/Co; (C) molar ratios of Bi/Fe. Reaction conditions: 50 mg
catalyst, 3 mmol terpinene, 10 g cyclopentanone, 30 °C, 10 h, air flowrate: 30 mL/min.

P S8 (A) (ILAR SC 3 H5 17 L) 2 B A BT BE X BiFeCo-MOF-BDC fii Ak il A 52 i 2 e TH IR Rt
150 CHATIR % b 238 5 X AR PR IR R 5 . AR T 45 A8, TS PR RUB U 2, S BURIS L
S HABCRAR, R R AT S R A R, (H R AR RS A B R s AL S W, s
TR ZEAAHT, 150 CRHBGE B MG AR . BIS8(B) (WA SCZHHEE ) Bon, M B i, #%
R LT, MDA PR eI 5 e, T 24 h I BRIEAE . XRD 2550, B ()4 S i 2% A IR
TR R AT B, SO AR AN g, i 2 S5 BN ) AT il S 2 T M i, S TR TR . {ELI 1]
R EFBORMEAL A L, BRI TG, ATTRES LRI N, FEAR™ Y, I, 24 h 5L
B UTTRL . P81 SO(A) (WUAR ST ) M, 28 P KA FAL R B T g, 7y i Bt SE Tt
JE AR . DA AR I SR AN, Al s2 R, i s B AR RN S S 00, L AT B8 i A 7] o i v 2
SR, AR SN AR R . DR R A U ) 30 mL/min. 181 S9(B) (MASCZ 35 B 2
71 HEAR IR R Y I T 4R T A3 5 g b, (R i S e A T A, SRRt TR . R Dy
TETERLR AL, SVCRAR, F 5 2 WS AL 0, XA AR T IR, Had 2R 2 ikl &1 B
IO, R EAEA R 0 50 mg. 181 SO(C) (WASCSCRHE B ), RO it B T s fli e AL A< g, bk
eIt ERE . IERARI RE RN L, 2 TGS MR s W R R, 25 2T, B S IR
30 °C. FS9(D) (WASCEHHE R )R, S SV I A) AT LASR R A, (e T RE, #efb e b
THE T IR FFSETE AL 5 RS , SRR NN AT RE S AR B 5L R RINA K. 4iEHIE, Tt
SIS E] A 10 h.

AL Bi,Fe,Co,-MOF-BDC-150-24 R PG E PR A 8 1 52 B AR RSB HEA 7 I, SEaR 4l R
TR NETA) AL, 72ROV T3] 6 h INAZ BRAEAL RS, AREEHE I S i ] R e Al A e s g
GRS, ROV TCEARSEIEA T, X R B ML SR o Z AR IR R, EARAEGR A TE P2 o)
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FER N SRR R B ok . BT (B) S5 R, ZEMEALRI MR A R R b, e bR i 2 AT
Ui Bi,Fe,Co,-MOF-BDC-150-24 #4 K} (44 1 RE TG 8 & A8 1k . [RIR, XoF [ i AR AT T A e 3k
Tk, FESARM MR VAT T . B 7(C)EERE], BiFe,Co,-MOF-BDC-150-24 #4441 5 YRS 1)
PR GEF 5 R Ad P AL AR H R & A 8k . 17 (D) &35 S5 DU E B A A 700 60 P 3 7 b S AT 5
HEARTC 2 AY . 254 S 45 SRR )G 2R 1E , Bi,Fe,Co,-MOF-BDC-150-24 #1 F H A7 41 5 4 17 FRfi 1
PERE.

100 | (B) Conversion of terpinene ©
mm Selectivity of p-cymene

Reused five times

Conversion(%)
Conversion or selectivity(%)

20 0™ Catalyst without interruption
—v—Catalyst was removed after 6 h
1 1 1 1 1 | 1 1 i | 1 1
2 4 6 8 10 12 1 2 3 4 5 10 20 30 40 50 60
Reation time/h Recycling times 20/(°)

Fresh

Fig. 7 Recycling stability testing and related characterization of catalyst

(A) Leaching experiment; (B) recycling experiment; (C) XRD; (D) SEM.

J T ARVHIEAL B0 TV 77, BF5E T Bi,Fe,Co,-MOF-BDC-150-24 44k 771 %55 A [R] 4 1485 285 25 7 A it
A E O, B T2, WNRPEIRATLIE Y, 236 F 24 C=C A T AR (Entries 1,
2), BARIREFAL AT LA R 96% UL T, BFR Yyh I AEAE RSB . @il g ] L& AL
MUHE BT Ak S, B X0 7 W e BV A S e 5k 8.5, WA 40— v AR B XU ) 43 A S BOL A 4411
P a-H A7, KM 50 BAELE 3D ZUTE AL, BRI K 4 A X e 1 7 e B 3
2 Fy-Pnihdsr+ (Entry 3), 8RS F B EA 4 DM a-H A7, HIH 2> C=CHEAR AN F L5k
A, P o-H A9 S0 3 7 S BT , 8 S A R S AR AR I 2 B0 v A B R 1

Table 2 Results of oxidative dehydrogenation of other molecules with similar structure’

Entry Substrate Product Conversion(%) Selectivity (%)
b .
1 4®—< 4©—< 96.1 88.5
2 4©—< —©—< 972 94.9
d e
3 4®—< —©—< 93.9 99.9

a. Reaction conditions: 50 mg catalyst, 3 mmol terpinene, 10 g cyclopentanone, 30 “C, 10 h, air flowrate: 30 mL/min; b. terpinene;

c. phellandrene; d. y-terpinene; e. p-cymene.
A
3 & it

TERSIE RS N4 T — 551 BiFeCo-MOFs 1K}, I RGEPEUAL T HA BUASFFIRA A Y 48
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LR SN S48, S T =R I 25 SRR A R N . MR XRD, IR, FE-SEM 1 XPS 48F- B¢
SRR T T FRAE , Hod Bi,Fe,Co,-MOF-BDC-150-24 A1 BHE AR5 48 5 45 T (5 00 T HLA BLEE i 4 7Y
FARTESURHE, H Fe il Co™ Z M AAAEH T2, A R T Co 1l MRS FE A U, Hofff 25 FiG A2
SHPMEST . NH-TPD RIER/R, HF B 5 A, 248 Bi,Fe,Co,-MOF-BDC-150-24 H.A4 45 (112
P, BB FIFIRY 5> F 0 ATE AL, ATRTSEEE T A il 1) o s AR &L . BiyFe,Co,-MOF-BDC-
150-24 HEAR T ZERS Tl s 1 SE AR I S0 1 Hh 2 B PG S R Ak A M RE TR B e L HLA ST s 43 - 280
SEFIRIR Y PR T KA AL RE RS S v . AL, PRERREE MR 45 S 3 I AL A i A
FEPERAT.

X #1z & W http://www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20260068.
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