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Synergistic Catalysis Air Epoxidation of Di-olefins by Spindle-shaped
Cobalt-containing MOFs Materials
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(Hubei Key Laboratory for Precision Synthesis of Small Molecule Pharmaceuticals ,

Ministry-of-Education Key Laboratory for the Synthesis and Application of Organic Functional Molecules ,
Hubei University, Wuhan 430062, China)

Abstract Metal-organic frameworks (MOFs) , renowned for their adjustable acidity and surface architecture, have
garnered significant attention in the realm of heterogeneous catalysis. The present study introduces the design and
synthesis of the cobalt-incorporated, shuttle-shaped bimetallic MOF that facilitates the air epoxidation of mixed
bi-olefins under water bath heating conditions, effectively overcoming the challenges of bi-olefins reactions under
water bath heating. The synthesized material was comprehensively characterized through X-ray diffraction (XRD) ,
scanning electron microscopy (SEM) , and X-ray photoelectron spectroscopy (XPS). The cobalt-containing MOFs
exhibited the unique capability to catalyze the air epoxidation of bi-olefins in the absence of reducing agents

or initiators, achieving a marked enhancement in efficiency when compared to the epoxidation of mono-olefin.
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N, N-dimethyl formamide (DMF) as the solvent and in a simple water bath with magnetic stirring at 90 °C for 5 h, the

material demonstrated excellent conversion of 97.0% and 98.8%, respectively, for the mixture of cyclooctene and
styrene; concurrently, their epoxide selectivities were found to be 98.4% and 92.7%, respectively. Furthermore, the
catalyst has not been deactivated after being recycled for many times, which indicated the good cycle stability of the
catalyst.

Keywords Shuttle-shaped cobalt-containing MOF's material ; Synergistic catalysis; Bi-olefins; Air epoxidation

ERAHHESR (MOFs) MR EA AT B, 1 B HA S fLBR AR R AR, HAR h—FhIhaE
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A7 2 AR 7 R O ST AR . S JEs oo- PR R B- IR M X 2 BB AR 00, BT R AA T R
oY, EATRER AP a] 5 A R iR RIS = AT TG TR S i B A Ok . tboh, 73
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R0 O T R R UU e s AR I AR A SO PR A TR, R PR B i 7 U AL BUR e 5 25 R R R
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R TR] 20,

N R FIRIREL, ASCHE MOFs BOBHIR R AL XU f 25 SR RIS SRl b, ARG 0 A s
VLA B — 0% 2 Co IBIE XU 8 B 2 (ZnCo-MOFs) , XHZARIE MOFs AL AT T 2544 TE 35
FAE, FFHIPTE T HAR XU Sz I A SO P PERE

1 SLIGERSH

1.1 RFI SR

IR (Ll 95. 0% ) FI 2 1 — 2 Bk (21 >99. 5%) W [ b3 vkt A R w5 N, N-— I 3
Tk e (DMF) (41 >98. 5% ) . BB (4 99. 0%) | P-123 (41 & >99. 5%) . PU/K & £ FR 4k (4 & >
99.0%) . AR (4lifE=98. 5%) . F-127 (4LJF 99. 0%) . N-H FERE IS IE i (4l 5E 99. 0% ) | |75 dk = H
FEVRAL B (4l 99. 0% ) . RO (4l =98. 0%) . 1,4- SRR (4lE=99. 5%) . AL (4l =98. 5%) .
JIE (BHFE=99. 5%) | il B AL R T N AR (LEEE=T2. 0% ) FEUT HEt A = (=65. 0% )W B _F i E 255 Ak
A RA R XF2R R (H,BDC, 4liJ#>99. 0%) | 2-F FERkme (4 98. 5% ) . — /KA LEREF (4>
99. 0%) . a-JRM (4EEE=98. 0%) . a-HHEIEZ M5 (99. 0% ) FIFR+ 45 (595. 0% ) W [ BT+ T A= AL Rl
F A PR A H] .

GC9720 TS AR A AL CHTVTAR S, AT AEs AT B F] ) 5 XH-300A BUGICE 68 75 41656 1/ 2 U S (b
FERS R A PR A ) 5 XH-100B B A6 A B2 BUX (AL 5t 4 59 FHA BR A ) 5 Bruker D8 BUM R
X B AT S (XRD, £ [# Bruker 23 7] ) 5 Sigma 500 %137 & 5F F79 4 o, 7 W 8088 (FESEM, i & 8% 7] 2%
#] ) ; Perkin-Elmer PHI ESCA % X S} 6 T RETE (XPS, EEFEER i /RAH]), Quantachrome Auto-
sorb 1Q 7 LU R HIFAIFLAZ 20 BT (BET, 2 BEBAUER A w]).

1.2 XiidfE
12,1 AR 8 & FSEGE AR H AR 8 1494 g(6 mmol) Co(Ac), 4H,0. 0.5 ¢
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(3 mmol) H,BDC, 0. 246 g(3 mmol) 2-H FEBKME | 0. 44g F-127 F10. 132 g(0. 6 mmol) Zn(Ac),*2H,0 4K
IAZIHEA 50 mL DMF #1110 mL R AR R UG SR, 25 CH RGeS h, R
BRSOV ET, KRN AEE T 150 CHUGES, $RSHCE 48 hE, BUR RO A, ARR I EEN, YoM
FEFAHMIE VRN, SRJ5 HI DMF YRk, Ko a i AE AR B T 85 "CHA Tl 7%, 1328 (11 ZnCo-
MOFs ik . 38 il A [RGB 2 CRE 4 © W5 i . A 5 B L 8 A5 i — A 5 B0 G
WAAEL 48 | FAR ) ) (DMEF/FR AR 401, 501, 6:1, 7:1, 9:1) | 45 ShiELEE Agh fhiskia (12,
24, 48, 72 h) G T —FRIIMEILH] .

122 FHEAMRMAEE HRBORFEEE/RE(1:0, 0:1, 6:1, 5:1, 4:1, 3:1, 2:1, 1:1, 1:2) [
R (B3 mmol) , Bl AN 10 g 350 I S BC AN [FBE R PR . DAL —10n R 3], 7
50 mL AU B FP AT 3 mmol SUAIE (PR M 2R S EE /R 5 1) 19 10 g FLHlTRE AW . 30 mg fi
B3], FRokim A TR 28 S HARARRR N 40 mL/min, [RIEHF R HIZE AT E . 850 KI5 N 7E
— BT AT R, SO SRS, BORE B0 A B AR R S A, SRS A G ASORT SO
AT

2 GRS

2.1 EUFIRRE
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FUAS N 2548 S ) 700 r-5 B A AR R0 9 XRD 7 S 067 AR, 4397 20=8. 9°, 14.1°, 16.3°, 18. 1°4bH 3
WS A RFAEATT S0 . 5 B A S 1) RS A AR AR RIAR EL S 4544 5 1) 500 43 531 P123 | N-FH R A
P75 ek = A R A, AT SR B e A — e A% , AR B T R A Al i R A T AR
b, PETRFIEAT SO B R AR RS . ] 1(CO) XS HE T AN R 1 EL A 5 ) ZnCo-MOFs A1 RH 2, B LA
R, FEA [F 590 LG ] B A2 T MOF's X4 Ja - 22 44 4k 590 #68 EL A A [R] A9 AR 254, 43 51 7E 26=8. 97,
(A) (B)

Magnetic stirring

Echocardiography and microwave j l N None
P123
Echocardiography
N-methylpyrrolidone
w Hexadecyl trimethyl ammonium aromide
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(C (D 12h

24 h
501
48 h
6:1
72h
W
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20/(°) 20/(°)

Fig.1 XRD patterns of ZnCo-MOFs catalyst

(A) Different synthesis methods; (B) different structure-directing agents; (C) different solvent ratios (DMF/methanol volume

F127

ratio) ; (D) different crystallisation time
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14.1°, 16.3°, 18. 1°4b H BB B () S ARAT 0 1, 33X 2 Co-MOF LY [t R AiF 777 S 0620, T e TR 5 1 571
DMEF/H EEAFR LGS 52 1B, A7 S i Ay s BE AR Lb L& P 300 A g S O A i B o i . D 25 R30I
R DMEF/H EEAFI L Ry 50 1B A F FHRIE MOFs dbIRZE TR . 18] 1(D) AR sk ist a] &
BRRTE MOFs #48HH XRD 1S E . FTLAE H, FEAS[E] db AL B A5 B R TE MOFs 4 RH REAE AT S i
AT, (ERBE A fb AT B R 3G, R IEATT ST 048 P 0 5 B8 20 ST 1A I, 1565 0 1) MOFs A4 6} i B 34 38 5
B YRR RN E] 48 hB, AT MOFs (URRAE AT S 05 f 5, EAS MOFs kS, fhog 4. SR PG S
ABSF RIAR SR ] 72 h B, FREAEAT ST A 5 B S I AR, 33X AT B2 R T S AL (B i2E— 25 34 kA et 254
B R A A S EU

J T BRI LEN T IR TE MOFs MRHSE I, FLEE T JLRIAS [R] 25440 S 1 5] e ol 44k 570 9 SEM
B (L 2) . AINGE S 1500 5 A Z5# S i 70 F-127 K HG, A0 AZ5 4 S i 3 B TR TE S /N4 &) FLURE
T2 2(A)FNB) . HIE 2(C)FI(E) AT LA H, G585 101570 P123 F1 V- H S o [ 1 Jin A fifi 15
ZnCo-MOFs AR TE & A 5, dF i bRk LR THIs/N . FLAT R 58 42 BRI MOFs MRMBURLAA 7 .
K 2(D) A LUE H, TEIASEH S 5 CTAB I, ZnCo-MOFs 34 J& B 2 AL R R TR L 50 0 Ak 52 T
B, I HIESZ%EL .

Fig.2 SEM images of ZnCo-MOFs using structure-directing agents F-127(A), none(B), P123(C),
N-methylpyrrolidone(D) and CTAB(E)

AR A 1 ZnCo-MOF's 1) SEM &R 0T LUIE 1, 7RSI HT , Al fiEfh
FIETESUCARIE , HIE B A ALK S1(A) |, MiER S HAR T, RIE R AR, HARIE 43534
[EIS1(B) ], RIRERE P MAERLNE N IRsh, A4 i RE B A AL 7 A s A p R AR TR AR . FEdE S
A AR R AR R AR F R NA— [ S1(C) ], FE#E R Sk — Ak B $EAE R A 8089 ZnCo-MOFs
RS R BIES BRI, (BRI [KS1(D) ], I, 7EZRR iR T, A i
FITE SR e H RN — . [RlIE, o B T SRR E & R TE MOFs M oRHSZ M . ] S2 (LA
SCEFHFE RO SEM BR AT LIE 1, M 804k 12 hish, BT A MOFs BARHR BURLES /N HLERSE G B 8, &5
A XRD B3 ] UEBH G 25 d v R 8 4. Alfbis R E R 2 24 h[ B S2(B) |, v LB B A HARTERiAR G
HIESHIA B, (HIESE AL . 2 Ak )3 %] 48 h[ &1S2(C) 1, Frd i MOFs A kTS 2 30K
INEJ—IRTE, HA B S) CIRAE IS . S ALt i dksesi in %) 72 h[ K S2(D) 1, Fré s b fEAk 57 i 7
S ELBCAEL, RIBZERI R AL 35, IEAE S XRD G —30. B S3OWA SIS ) 45 TSR He
BiA BLARTE MOFs B4R SEM BE . 0T LUE H, ASRIE R LT MOFs B SR Hka m I . 4R
B DMEF/H BERFRL A 4: 18, ZnCo-MOFs X4 J& B 2R AL IR IE AN IEE , B L. FEE T
Feh 5 1, MIE NI AR AL | KN —Z i 2L | KN —; (BRIR SRt AE6:1, 7: 10
9: 1 IR TE 3 TR BUMLRS , TR T AN, IR RLAL S5 XRD 335 & A 45 R — 2, SERA R
501 BTG B R TS0 B AL .
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XPS 3% B AT T e fi b 0] 2% 1 48 Ak RS . RS G R A& I8
MOFs #4419 XPS 33 [ ULIE 3. H & 3(A) Al L, #2JE MOFs M4k £ 2 0&H C(84.6 eV), 0(532.7eV),
Co(780.4F1797.2 V) F1Zn(1021. 8 FI 1044. 7 eV) 4. MIE 3(B) T LA, A4k 7 Co,, B XPS
AT 780. 4 eV AL IGRFAE IR Ty Cos,: o FLAH EC L6 Co-MOFs Z5 43 REFER 0. 5 eV, RIAM B
Co FHLL —MIERAFAE, 48 Zn 5] ALE Co YL T 85|, MIFEAR T Co A HL T35 BE AL &
B, 198 T Co X MG ALRE ST, IIMTA R T I EAL 4T, BRI 3(C)FI(D) ATAL, BRIE N4 &
MOFs #EH Zn BIA5 G HE R 1021. 8 eV, RIZM B Zn LLZMIEAAATE, HIOTERBR ST HITE 284. 7
288. 4 eV AL H LT PN IR 5 5 0

A) Zyy,
O1,
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Fig. 3 XPS spectra of ZnCo-MOFs catalyst(A, C, D) and Co-MOF and ZnCo-MOF(B)

(A) Survey scan; (B) Co,,; (C) Zn, ; (D)C,

R T W T AR TE MOFs MR HL R TE L . FLER A S5 250, SRR ED T BET IR, HApRIE
MOFs B4 1 18 20 56 - T BT a2 an 14 S4.(A) (AR SCEHF(R 2D P . 1HEAR 25 B TE MOFs #4 %}
() EL R T RN 67. 3 mYg. B S4(B) MHRIE MOFs M BHIFLAZ /A KL, vT LUE H, MEHFLAE Y K F
3.1 nm, S3AG7E2~7 nm Z (8], J& F LA A FLAF AL,

22 WERIAENRFHEFEEREN

He A T ARTR 7 A AR TE MOFs AL TR0 SUas e AT M sz [ 1 4 (A) ], M DL P4 e
B A AT, XU s SR A I A A T Pk fe i, R0 AR 05 1 3 AL 03 3] 19 36 97. 0%
F198. 8%. ik FAH: & B AIARTE MOFs filt (b 75 %65 WU I as SO AL AL I R4 22, IRE i AR 20
(AL R 24. 8% F165. 8%. [l 4(B)HRIT T ANIRIZEH T 100 57145 LA ARTE MOF's 446 71 6 U 2
2SS EACEAIE PR . W] RIS R], S5H S 1005008 F-127 BB BUNARTE MOFs X ke 28 S 4 A fi
TG VIR AR, PRI TN 2 B BE AL 245 R 97. 0% F1198. 79% , T %A InZs #4-5  F i #2 % MOFs,
PRI NI 205 B AL R KA, 42 BIAH 19. 0% F1146. 6%, 454 SEM FAFL5H , BB A F-127
SR I R, AT BT SR 1 A, AR R R T 2 TR A, R T AU R IR AR e A
R E4(C) R T ARIRE R H BT A AR TE MOFs AL X 1 de 28 SR EAR TR PERGSE IR . 250 A A5
DMF/H AT L 4: 1 5] 52 1, FREIRFIOR 20 RO LR Wi i, =22 ) bt TR A7 700 e 5] A
BTN, PRI R 2 G AR/ . PR G R PR TR A 50 DMEF/FH AR R EL R 50 1 5 AR TE MOFs
HEALTRII , AR BRI R S B AL 30300 1R 1% 97. 0% F1198. 8% , FRAEEHENE 715310 98. 4% Fl
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Fig. 4 Catalytic activity of the ZnCo-MOF
(A) Different synthesis methods; (B) different structure-directing agent; (C) different solvent ratios; (D) crystallization time.
Reaction conditions: DMF: 10 g; olefin (Veyclooctene/Vstyrene=5: 1) : 3 mmol; catalyst: 30 mg ZnCo-MOFs; temperature:
90 °C; time: 5 h; air flow rate: 40 mL/min.

PSS (A) (ARSI R 8 7R H T A T] SS9 75 751 X6 LIS 96 S 0 RN 20 2 AR PR SR A S R IR i
2 WV A DMF B, BRI FR 20 (0 6 ARk Bl A, 2090k 97. 0% F1198. 8%. Xt H B AR Iz
IO R X BRI AN L IR AL SN B2, T A3 DMF>SER US> 2 — B2 k> 1, 4- 5 0NFF, X
Al g2 TR S8l MOFs BBk 1) 4@ TE PR A7 52 0T LS DMF BEATE B B & 2 oty iizds o
AT LAAG RO R AT AL 4807, AT AR UEER AL R B A T . R TR JES 40 i AR I A IR s IR 205 1)
23 IR AR R 25 SR 2 WAL S5 (B) BirR , Bl IS B IIN , BUs I B B A e 5e i iz a2l . 4
A A BT 1 mmol B, PRI IR 0 P AL 2853 3R 97. 6% F1198. 6%. 4 Ias i 3 hin £
3 mmol i}, IRVI IR 2 AL R 5051 97. 0% F198. 8%, A< Jx A BH S KA . 1 Bifi 5 IS 4 ik 4k 24
I, IR RO s AL A — B FERE AR . AN [R) S 0L I B X A~ s RS 205 28 RO S AR L L )
S AN S5(C) Fw, 24 NI EE A 80 “CLA N B, M S Wi B AN RE e Ml e F i 22, B b R K
1%, BREM FI2E LM AL 2R3 AR 21, 2% F142. 1%. 4 W BE G 3] 90 ° C IF, IREI i 205
HIFEAL IR BERE TN, 359009 97. 0% F198. 8%. 18 S5(D) 7 i 1 A ] Sz I st i) %o B s A 2 148,
AER 2R . 2SR IHE] A 1 h i, PR A L AL R AR, 209 18. 4% F174. 3%. 241
NS HE B 5 h s, FRaE I R LI 5L A 265051 97. 0% F198. 8%.

AN IR BE IR XS R J TR 0 S8 AR R 52 i 23 i 1l 5 (A FN(B) IR, YA B — I ke itk A 7 30
AL I AL SRIRA , IR M BB AL 2 36. 7%, T A A AL 28y 43. 2%. YIRS FI R

Chem. J. Chinese Universities, 2025, 46(4), 20240555 20240555(6/9)



R R R

AR T I I Hh i,y -

R —

e e e e

AT ey <+

R =~

, FUB BB AR B IS = BRI Y

MERVE I 2 BE R FU N 6 1 TEHE 5] 50 1), FRp s niE bR ity 72. 9% Mm% 97. 0%. i

o

=}

PRI R AL B BE IR FE AR 1:2 1, 2R

W FEALF I 97. 0% FEAKE 65. 0%, R LM B 5% Ab % 98. 8% i/ 31 88. 4%, IR, HFEIEFIR L

W fHEE

oA 5:1.

N
120

CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

L% 4 Hhwi %R

-
Cu

CAtE—E LI A, FeAb R A2 T AR R EE A T

.
BV LI EE IR LR ISD , e AL AR LB T /)

(9)ou214s pue
QU)O00[I4D JO ANA1OI[0S apIxody

(%) Au09 [R10],

1100
180

=3
\O
T

140
120
0

BRI

By =~

RS RIS, —
BRI

EZCyclododecene BRR Styrene

(9,) 2u2143s
puE 2U2}900[040 JO UOTSIOATIO))

s

2N

AIEPELIE 6 (A) ], IF H MR PR A B O] 2 T RELIE 6(B) |, INIET S6 (WA SCSZ 1

Ei

=1
=
HNEY

2
H

& EATS
LHHTEXY

1

EH
1

i
X

E

Epoxide selec.(%)
99.5
94.4
87.4
99.7
98.4
92.7
93.2
84.7
99.5
89.4
95.1
90.8
98.9
92.7
98.7
94.9
20240555(7/9)

=i

A

*

 WHERUR RS

R FHE AU & i B A —E RS k.

=)

IR, —

36.7
43.2
55.7
63.3
97.9
98.0
50.3
95.0
66.4
73.8

e

Jin Y

Molar ratios of cyclooctene and styrene

Total conv.(%)

36.7
43.2
55.7
63.3
97.0
98.8
96.9
99.1
39.7
60.8
98.6
91.5
68.7
64.1
48.7
98.9

PRI HEAEERE , MRS RAN TR 1, Hoh a2

Conv.(%)

£

EZ8
SRR EAC N AR5 51535 5] 98. 6% F191. 5%, HIEFEEH

=R

z

A

TR MOFs MR H B 20 88U 2

Z

e

:1:6

Only
Only
Only
Only
5:1
5

5:
5:1
5:1
5:1

MOFs A4 8008 T B2 Jis FIA £ 063 9 XU S P S8 A B AT L S A e

Mole ratio

A
EA

i

17
XU IR

£y

%
I ELAEBONAR 8 HIA KR S AR AR AN, B2 S EER A W 5K ROV, 8

Reaction conditions: olefin: 3 mmol; catalyst: 30 mg ZnCo-MOF'; time: 5 h; air flow rate: 40 mL/min.
Table 1 Epoxidation results of other different mixed bi-olefins combinations
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* Reaction conditions: olefin: 3 mmol; catalyst: 30 mg ZnCo-MOF; time: 5 h; air flow rate: 40 mL/min.
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Fig.6 Recycling results of bi-ligand ZnCo-MOFs catalyst

(A) Conversion; (B) epoxide selectivity.
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