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Grafting of “Half-sandwich” Cyclopentadiene Iron Species into HY Supercage
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(Research Institute of Photocatalysis, Fuzhou University, Fuzhou 350002)

Abstract: The grafting reaction of Cp,Fe with Brionsted acid sites in HY zeolite supercages was studied under
high vacuum condition. The chemical composition, structure and property of the grafted sample were character-
ized by in situ FTIR, ICP, XRD, TPD-MS and UV-Vis DRS. The results showed that Cp,Fe was adsorbed strongly
in the supercages of zeolite at the temperature lower than 423 K, and was oxidized there into Cp,Fe* cation.
When HY containing Cp,Fe was heated at 423 K for 3 h, the cation reacted with the acidic hydroxyl of zeolite to
translate into a “half sandwich” cyclopentadiene iron species CpHFe(OZ =), (Z: Si or Al within the framework of
zeolite) bonding on surface of the zeolite supercages by eliminating a Cp group. Three CpHFe groups could be
grafted into a supercage, and existed stably in vacuum or helium atmosphere up to a temperature of 473 K. The
grafting reaction did not destroy the framework of HY zeolite but made the BET surface area and microporous

volume of the raw HY decreased.
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(a) ferrocene (solid); (b) HY zeolite dehydrated at 673 K in vacuum; (c) after adsorption of Cp,Fe at room temperature;

(d) after reaction at 423 K for 3 h; (e) after elimination of the physically adsorbed species at 423 K in vacuum
K1 HY A5 CpFe HB SR HT R 204615 1 2 1k
Fig.1 IR Spectra of HY after and before the reaction of Cp,Fe

ANFL AN R, S hnHARE i 2] 423 K IFOR$E 3 h,
B Ji5 6 AH D3 B T il 25 bR 25 oK SO 9 CpoFe B #
i IR il & &4 4y B AR (] 1de) . R
P i P 0 3R R 7 8y L R e 0 3 ) 91 3l W i g 3
FEAK, [AEF 3300 em™ WA 15 25,3 102 em™ ML
HY KA1 408 em™ W T VR 55, R 0 R AE 2952 em™ |
2873 em™ Fil 1453 cm™ &b 435 H B H 3L (=CH,) 1)
il 248 A0S il PR Bh USRS, FE 15181494 1474 I
1420 em™ HBUF WO (FTRES C=C MR A
o), T ELAE i 1 23060 Bt 22 R, S A i €0, B I
AR An, X R T BN I B CpoFe 5 HY
RAE TR, S 7R g (8, HBOK & A i (500
mg HY Flid f& CpyFe) fEAH R &4 T #4750 5%, &
GC-MS 43 b7 2 B A 7= 0 & 4 IR 80t R IR IR T e
DL B B0 00 45 5 B A5 [ AR R o i BT £ 4 B0k
1.26% , 8k 53 B0h 1.10% , Bl C/Fe (A4 B i 2 2
IR 5.35, 405 T 5, XU HY F1 CpFe &/E T 1k
SN, CpoFe 7 FHEMEIR , B4 CpoFe 4 F VLY
R Fz—A~ Cp T, 0 455043 B8 72 0
KA 5T FL W, CpFe 40 F T 0045 A9 4 1 &5
Fag Ko ok o T =X A 3G e 1 AR E 1,470 CLRL R R
SRAERG, FERTFTUARASES P A S
TR, (R, BB T RS S Ak
 Cp,Fe BHES T, a0 2Rt 2807 B2 1% Wk A7 (40 NaY HY
LAY MFLIEN, =R T Waeg By T A%k
BPHE 78 fEH AT, Cp,Fe 45 W Bk 7E 55 B2 M MCM-

41 T fLIE A, nIE] 413 K B g % 28
CpoFe Ozin 2873 i3 5710 (D) 7 B8 F2 v 92k H UV-
Vis IR 1 EPR %5563 4 B, X % 3 Fl B 25 5544 T K
MMAE Y Bk A LB N Y % 4 8 (M=Cr, Fe, Co) Y A 1k
W RRIEAT TIFSE, AN Cp,Fet)i i i # 78 % 1 i 7
M E] Cpke 47+, RIEH55—1 BB OEH
e A B SR K T o B0 b, R 3] 1) A i 7 A
I AR W DL AR K TS, TTEE S Cp,Fe
T I Cp,Fet 5, Cp,Fe il REGL ik A1 1) # M2 BH
BTN A I FLIE N, BRI PO ERE TS
Be A g LAV A B 5 CpoFe RIFEAR—3, H—EW
FeE M (H Tl A I FL AT, O AR B 8 05 S A 5
VFZ 55 AZR 5 (A C- Br45) ik 2 5 350 & AR B 5
53 ff N Karin Moller ZEMHF5E T Cp,Fe Fl[CpFe
(COYL, 76 HY A1 FLIE 9 i A 0 i B, N b 7
100~200 CiE PG Cp,Fe 43 fiit, AL “2k =1
167 AR (CpFe) 2 A1 138 i 2~3 A~ S AT #1067 0 41
FLIE R, M LT TR SEE0HEWT  7F 423 K n#Aas
W R AE HY 3547 64 CpoFe B 52 RE 76 b 41 L3 I K
O =GR ALY B HR R SR
I Bk (CpHFe) Wy | 7 AE “ 2 = W3R 7 26 8 — M 3 8k
(CpFe) i Fr . A PURE Sh A9 FTIR 35004251 ,2 952
em™ F1 2873 em™ A AEH 5 1Y HH 2 (=CH,) f 45 9=
S, BFE 1453 em™ ML E] B W (9 =CH, &' il Ik
Mg, XL e Cp A RHIE=C-H #k3h 4 3 102
em™ B8R, BT Cp,Fe 43 Cp By EA N 0.517



%1

Je G RASE HY W 478 21 = VA " BRI T B B A .23 .

nm, i3 22 (8] B9 B85 Ok 0.486 nm™, 11 Y 41 48 28 1Y
HZEN 118 nm, BRI ANEEATELREN 3 A
Cp.Fe 207 HEAREESEA AR LB, HHELR
ST A RAY WA Ak 2E A T A B G R B
A 3 A CpHFe JEH1, W a 087, A7
423 K T fAE HY WA 898 N 1 CpoFe 43 5 #
FRMIMBRIEP.OKET Scheme 1 B4 S0 o

CpoFe + HOZ= —S0IO0 o0 FeH] / 0Z= (1)
[Cp.FeH] / 0Z= + HOZ=
<4BK L (CpFel / 0Z= + H0 @)
[Cp.Fe]" / OZ= + 2HOZ=

DR CpHFe(0Z=), + CpH 3)

Si= H0, CpH Q
/

Fe + 4HO_ #HY) -——; e

AN _ 423 K, in vacuum 1>~0
< Al A RN

Scheme 1 Reaction of the hydroxyls of HY supercages

with the adsorbed ferrocene molecules

22 CpFe 5 DY #AFREE A OHRM

N T IR BRI R A, TERIAE SR A
FHEET CpFe 0 F 5L Y ¥ A1 (DY) BB, X
IO7 IS J5 A il B 2D ARG WL IR 2 Fros . 48 3 I K
(D,0) 24 Hl 673 K EL2s 4b 30 2 h 5 HY ¥4 14 3
Fi-OH 238 JL-F- 58 e 5 1 -0D F2 5L WO 75l
% E] 26452701 1 2759 em™ (&l 2b), X F+1E

Absorbance (a.u.)

T T 1
3500 3000 2500 2000

Wavenumbers / cm™

CpoFe BIWFE Y A LAY, FE SR T T CpFe 7TEfLIE %
AT 4 W B, -OD F2 ke 58 5 B &8 T[4 3 550,3 370 F1I
2548 em™ BT BLTE RIS (AT 5 Cp,Fe.-OH
-0D [8]f) H-D ZZ# 47 5¢); WA, £ 3100 cm™ A
1 407 em™ &b Hi B Cp M HF1E=C-H 1 C=C & 3/ %
W 2¢), HAE 2300 em™ 4 7] 43 B AR 5509 Cp
F=C-D AR 4R S W S5 IARE i 7E 423 K JF
iz )5, AT S HY RN, DY BILLAMG S &
AR H B AR (] 2d), -OD ¥ 5L XU s BH i U
55, JUHE R B % -OH 12 35 DI e WY b 1
K, Bk HTRE 55 Hvifk, JF HAE 3480 cm™ F
2580 cm™ 4Ry HIEL HLO A1 D0 BT, X,
-OD EFHEH-OH FHE A S AT R HY 85738 #r
J5 DY BYFRHET £ | i WY AE I H ot B R S A K
(H,0 3 DHO)E B, ik 5 CpFe & A B i 14 2% T
KT EIAL X HAE T Scheme 1 HEALEE(2),
I 7 1 P Sl A 7 B 1R B3 200~2 830 em™ 5
2400~2 100 em™ XA 2% 3 H BT 3 A4S Ml 43 5l
XF N FF 3 =CH, 5 =C-D(=CD,,=CDH) i) #i 3} %
W 3d),E B Cp,Fe 5-OH(-0OD) % 4 T A2 [0
miAE A & P ZE 1350~1 600 em™ 385 [l H B 5
Kl 1d BEAFARL C-H Wiy, 5 AR 1 C-D 6
WCER T AEAIR T e B | Bl 43— 0 s i 2R iR B
WA MELR, XK, Cp,Fe #5525 A 1Y 2 1
PR (F R MR R ) R A A O (B R 1), {H
T H-D [0 A 32 S B, 5 DY 1 52 Ry #5314 7T BE &

1488

Absorbance (a.u.)

T T
1 800 1 600 1400
Wavenumbers / ¢cmt

(a) HY dehydrated in vacuum at 673 K; (b) DY zeolite dehydrated in vacuum at 673 K;
(c) DY after adsorption of Cp,Fe at room temperature; (d) DY after reaction with Cp,Fe at
423 K for 3 h and elimination of the physisorbed species at 423 K in vacuum
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Fig.2 IR Spectra of DY after and before the reaction with Cp,Fe
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