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31 Composition and characteristics of the Y-zeolites including alkali metal cations

Zeolite Unit cell composition Tonic radius / A Vacant void space / A3 Sggr / m2g—!
Lit-Y Li sNassAlssSij370as4 0.68 834 729
Nat-Y NassAlssSi; 370554 0.97 827 697
K+-Y KusNagAlssSi 37054 1.33 807 659
Rb+Y RbsNagoAlssSi; 370354 1.55 796 567
Cs+-Y Cs35NayAlssSi 570384 1.70 781 518
32 Characteristics of [Fe(bpy);]>*@M-Y. /T\i
Catalyst Fe loading SBET '@Q/’//%‘
i ‘
/ mmol g ! / m2g-1 @mif’(‘\"/\
: ('l /0’@.’!--
Fe(bpy);2+@Li+-Y 0.21 461 '.‘\%'QL N
Fe(bpy)2+@Na*-Y 0.20 492 (‘( N
Fe(bpy)y* @K+-Y 0.20 444 Y
Fe(bpy)s2* @Rb*-Y 0.18 398
Fe(bpy)s2*@Cs*-Y 0.18 355

2. Fe MMHDAHE X+ S 72— 3>
Na+-Y ¥4 7 A b (=4 YRR S 13,
Si0,/AL,0;=5) DA F 282 X 1, Li+, K*, Rb*,
Cs*-YXF T4 MR L7, &FA T+ o5l
T T4~ ORI, Z2EARRE, KA ER1ITRT S,
500 CIZTHERR L 72 &Y 4 5 1 b % FeCly K
Nz, i Pei- ¥oE%, S 512bpy(2,2'-bipyridine)
IR ., ship-in-a-bottle {12 X V) [Fe(bpy);]>+
FARNAE L T4 b ([Fe(bpy);]2*@M-Y, M =Li*,
K+, Rb+, Cs*) &L 7z,
[Fe(bpy)s ] $5R DT 1.2 nm TH A9 Y
B+ 74 FOMALE (074 nm), A—/8—=r—
DREZL (1.3 nm) ZEFES 5L, AFLNIZERS
N 72[Fe(bpy)s 12+ $5KIE 7V A ) B A -4 » D28
RELZTBEEZ BND, KHE[Fe(bpy)s]>@M-
Y O Fe fiffm, BET HEKRIFLZ K2 18T, €47
A ML DO T VA ) B/ B FFH > DA F D
BRIZHE D Fe IR DM I DT TH 5%
TR E <A L7z TG OfEFRD S Fe : bpy =
1:3THDIEDNER SNz F72, FeHFFED 5,
A—=NR—=4r —=Y30~35f4720, —>D

[X]1 Metal complex encapsulated within zeolite (M = Fe

and Ru).
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[X]2 XRD patterns of A) Na*-Y zeolite and B)
Fe(bpy);2*@Na+*-Y.
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[X]3 UV-vis spectra of A) [Fe(bpy);](ClOy), in acetonitrile
solution, B) Fe(bpy);2*@Na+-Y, C) visible region
spectra of Fe(bpy);2*@M-Y (the spectra were

normalized based on the Fe amount).

JHREEDS, I > I3, THAH (K2A) — T,
[Fe(bpy)3]>**@Na+-Y T, Iy < I3y &7z (X
2B). [FEROMEADS, fD[Fe(bpy);]2*@M-Y £+ F
A4 MZBWTHEHl s, ZhiE, 4714 bD
A== = DIHHB T HRKE SOGTONLEN
AR ON AT, [Fe(bpy)s|2+ $5A25HIFLA
IS L T0B T e &R0, FEEE, Fe/Na+-Y £
BRI LV [Fe(bpy)s1(CIOy), $6fk 2 4 7 1 P&
T 1207 & 72[Fe(bpy);]>+/Na+-Y Tl 2D X9 %
HEIIR LNV,

[Fe(bpy);1(ClOy), $444 (in acetonitrile) , B LY
[Fe(bpy);]12*@Na+-Y D UV-vis A7 L% X3 |2
KT, [Fe(bpy)s]>*@Na+-Y TiE, 290 nm L7,
55 bpy L O —n* [RKT 5 E— 272571
— MbL7z, 7z, WHDEHEEIZE 5 15 Metal to
Ligand Charge Transfer (MLCT) %% (d—n)
ROE— 7 IFHILNTIEAT 52 LTI V=27
L7z (539 nm—528 nm), 512, ¥4 T A M
LHNDOER S T4 > DA & EREROHERIZEW,
MLCT ERRHR ORI L 720 215 DFFRIT,
LA CE AL T 4 b & bpy BEAL 72558 < AHEAEH L,
[Fe(bpy)s |2+ $EIRDFIAZIRREIC K & B % RUIZ LT
WL EFZ Ao

Fe K#XANES 2% }LClZ, [Fe(bpy);](C10),
R E R Z B VDSRSNT, HFLAClFe(bpy)s]*
SERDTER SN TWB Z EAVREN/z (M4A), L
LS5, WICHON EIX R AL F—flics 7
ML, E515, A4V EEORELCst R ETIEY 7
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X4 (A) Fe K-edge XANES spectra and (B) FT-EXAFS
spectra for of a) [Fe(bpy);]ClO,, b) Fe(bpy);2+@Li+-
Y, c) Fe(bpy);2*@Nat+-Y, d) Fe(bpy);2t@K+-Y, e)
Fe(bpy);2*@Rb+*-Y, and f) Fe(bpy);2+@Cs*-Y.

M EASEE K L 72 ([Fe(bpy);]1Cl10O,: 7120.1 eV,
[Fe(bpy);]**@Nat-Y: 7122.6 eV, [Fe(bpy);]**@Cs+-
Y: 7123.2 eV), F72, [Fe(bpy);]>2*@M-Y €4+ 7 A
i, white line A ICH S 7z, TS DG H
\Z, [Fe(bpy)s]*+$81kASE 4+ 7 4 MFLNICAFAET 5
LEBALKREIC Y, ST VA ERATFA LD
A F EEDPKRE L B BIZONFDOEEN L Y5
BhHZEERLTWA,

FT-EXAFS ® 7 — ) T2 TIE, 1.5 AFHEIC
Fe-N#iAHEDO Y =27 DANE LN, HEOIKHET
FIELTWEZ EGhs (N4B), F72, &EA
F I DA F PFEDOERITE, D F ) 22k
OIS 7 N L, AT T4 T4 T
5 Fe-N#EGHBEAE 2> TWA Z E0%55 o
72 ([Fe(bpy)s1(C10,), : 1.96 A, [Fe(bpy);]2*@Nar-
Y: 1.93 A, [Fe(bpy);]>*@Cs+Y: 1.90 A), o F
D, €474 MIFLNTEAZHEZ L > Tnb
EATREE T,
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R Fe(bpy) @MY CHO
—_
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Fe(bpy)s”"@M-Y

5 TON and selectivity for the photocatalytic oxidation

of styrene using Fe(bpy);2*@M-Y.
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[X]6 TON for the photocatalytic oxidation of o-methyl
styrene using Fe(bpy);Zt@M-Y.
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[X]7 A possible reaction pathway for the photooxidation

of styrene

T rT7o /v EIRTY RGO NZD, OF D),
YA T4 MHLAND 7V ) &g 7 F & v R0
KRITHED 22RO & 0, STARIZENTH
HHRRERIRF Y FOEERDPIIH S NFz720 L%
ZoNb, AFL YOBALIBIZ BT LN X7V
T FOBWEIRME, BLOA 4 B EOBKICE
) EFPEOM LS, AN ERICEZ2bDEERS
N5,
ACAESUGIIRD &9 1T 2 LHEEEE N D
(H7)o F 9 WHEIES Tl S L7z {[L,Fe]2+*}
(L=Ligand) 2L, SHICERLORIDIZLD
L, FelV=0 AT 5o RICAT L ¥ EDJULIZ &
DX D)y 7TV H VPRI S AR L, C-O %
EOMBEKINZE ) TRF Y FPEeN519, Th
AT LT, TEERE & DORUBIC & ) iR TL 25
BL, YFFELY YERHL TR AT VT L A
BoND, PULEMIEEZ 3517 % Fe Kift XANES A
27 P IVORNGHRAE£2.0 eVEIALEF—T 7 ML,
R LL, FelV =0 MO ER AR SN A, OHT Y
ﬁww%%ﬁf%éz7mA/—w®(WiﬁﬁL
FE 2R o T77, Y rUAFLYORIBHE
<@ﬁL&w_tﬁ% “OH 7 ¥ H VARIZA R LT
WHRWEFR D, EHIZ, A DNTEBRZATL
o Hammett HAILEH (0F) & PUCHEE RO/
etz R L, RO & ST 5, S pfEIZ
Fe(bpy);2*@Na+*-Y |ZT— 1.45, Fe(bpy);2*@Cs*-Y
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[X]8 Hammett correlation study for the photocatalytic

oxidation of p-substituted styrenes using
Fe(bpy);2*@Nat+-Y (M) and Fe(bpy);2*@Cs*-Y (O).

I2T=230Th o7z TORRITAGAMESE R
BOWOEHETH 5 Fe OB FIRRENIH I EE 42 1%
Hx LTBY, Cs+DX ) A F VEEOKRE LT
WH) A FH e FTAHEFTA MIFLATIE,
Fe DBTHEIMET LTRU D) v 75 VAV
KT DEEAIGEEN T WS Z & FRY,

4. RuMMIENEF 51 MEFLANORE
[FA£IZ[Ru(bpy) ¥ 1$5fk & £AE T V71 ) &8 71 F
T U A T A MINE L, RusiRo R,
FEHEEIHIEC G- 2 B R R T, A & LT
%72 [Ru(bpy)s2+1$5KIL, bk —®EIH ('MLCT)
5, R = EIEIKE CMLCT) ~OIHMHZEE
ZRET, SO TIRERE & UE L C—HEIHKRER
(10.) H2HWViE, A—N—FFH A F7=F
(0" =) 2MERT 2 (K9A) 4, XRD, Ru Ki#
XAFS 227 } )V L Y [Ru(bpy)s2+] $5EIEEF T4
MILACEAZEEZ L > TBY, 7V H) &R
NFF DA F HEPREL B DIZONEDRE
HEVIEEI R D ENGhoTe T+ MV Ity
LY AARY FVIZBWTC, SRATFH DA F
VNS VIT EFEEEDYE <, SMLCT 225D 1)
AIEHTEEINT 5 2 EosERR S e (U9B), F 7z,
FEFAGERAEATT V1) &8 7 F-F » DFLEOHIKIC
PR EMIZT 7 F L7z (free Ru(bpy)s?+ in an
aqueous solution (599 nm) > Ru(bpy);2+@Na+-Y
(585 nm) > Ru(bpy);>*@Cs*-Y (579 nm)), TP
U7 MISEHREHEORAIZL S DT, —KIC

Na*
A (B) Lit
1 K*
MLCT *
. ‘0,01 0,7 5 Rb*
MLCT 3 Cst
hv \ 4 =2
[N
<X 5
* * 9 A
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2t
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[X19 (A) Simplified energy diagram of Ru(bpy);%+ and
(B) Photoluminescence spectra of Ru(bpy);2+@M-

Y, which were normalized based on the Ru amount.

Io/T= 1+K[Q]
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[X[10 Stern-Volmer plot of the Iy/I values for the yields
of the photoluminescence vs. pressure of O,. [, and
I represent the intensities of photoluminescence in
both the absence and presence of O,, respectively.
K, and [Q] are the quenching rate constant and the

concentration of O,, respectively.

“rigidchromism” &IFHENTEY, Cst-Y XL T A
N CIRZERERE O IR, X O AR AR A
SRRt L TnWb EE 2 o

Ru$§ATId, FedkhDBa L idRel, 251>
FOBALSIC I BV TEE T DO LI, NaA 4 ¥ OFff
HETFEIEEDSRHT 5, o- AFIVAFL U2 Y
& L7RIBIZ BT b [FEROMEAS RS iz, 2 F
O, AF 2 EEIVNEhTFF v EEGLELT T b
12L&, SMLCT %5450 F-iKEEEA~ O T4 )L F — 8,
&5 NEETREIEE SN, ESOABHEEDE S
N72LEZ N5, FEBE, HGHIE L TORRIRE
A7V % X 72 Stern-Volmer 71T v kb (Iy/1 =
1 +K,[Q1) Tid, BIHT-DONa A+ VHAEFT, @y
Ko DN, K OBESTEL LR T W LAY



136 A+ I 4k (6)

ho TNEDRERNL, ¥4 T4 MlLNO T )V
H)EEHFF L EHEZ DL ET, RuD3MLCT D
BRAEZSBIZa Y PO — L TEL I LAUREN
720

5. bW

Y+ T4 bOF HHLZEEOFCEIZZLEL T
H Do AHFES LIFETIE, SRS MEEEED & A
e LTHRIH L7220, oMl k41, St &
HMABDLEEEF VRTAROY—VE LT, 5
WIEHERA LI L 2 HERED IS 2 LI MY HLA T
Wh, 1511 ¥4 J 4 MlfLZEROL=— 7 S 2,
D B BESL L OWEN % SN TWAED, FD
RO KERBREBEWE L LT, &5VIIEOH -
7R BRSOy & L COFICE T - 720208
ZVDLHETH S, kL GMEVEHE YL T
A MEIIEE L EIERE L REED D H LT v
5o YA T A MESLZEMPEREA O % b O
REVERS R RS 2 2L88% - IOHIFZE S b e T %
Z LR B,
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Creation of Visible-Light Responsible Metal Complexes Encapsulated

within Zeolite Cavities and Their Application to the Selective Photo-Oxidation

Kohsuke Mori and Hiromi Yamashita

Graduate School of Engineering, Osaka University,

A series of catalysts containing tris(2,2'-bipyridine)iron(IT) (Fe(bpy);2*) complexes
inside zeolite Y cages with various extraframework alkali metal cations (Li*, Na*, K+, Rb*,
and Cs*) have been synthesized via a "ship-in-a-bottle" method. Formation of the Fe(bpy);2*
complexes was ascertained by XRD, diffuse-reflectance UV-vis spectroscopy, and Fe K-edge
XAFS measurement. The steric constraint induced by increasing the size of the alkali metal
cations resulted in a decrease in both Fe content and BET surface area. The intensity of the
MLCT absorption band of Fe(bpy);2* complexes associated with zeolites increased in the
presence of heavier alkali metal cations, while the electron density of the Fe atoms
decreased as the ionic radius of the alkali metal cations increased. The encapsulation of
Fe(bpy);2* within zeolite Y cages resulted in the creation of a new photocatalytic system
enabling efficient oxidation of styrene to benzaldehyde and styrene oxide under visible-light
irradiation (_A > 430 nm) in the presence of molecular oxygen (O,). The turnover number
(TON) was found to correlate with the increased intensity of the MLCT band and the decreased
electron density of the Fe atoms. Additionally, Ru(bpy);2* complexes contained within a series
of zeolite Y cages with various extra framework alkali metal cations were successfully
synthesized. The intensity of the photoluminescence spectra of Ru(bpy);2* complexes associated
with zeolites increased in the presence of lighter alkali metal cations. This result was found
to corroborate with the increased TON for the photo-induced oxidation of styrene derivatives
under visible-light irradiation and in the presence of O,. This suggests that the electronic
configuration of the lowest triplet state of Ru(bpy);2+ can be enhanced with the aid of light
alkali metal cations, which predominantly determine the intensity of photoluminescence and
the photooxidation rate.

Keywords: visible-light responsible metal complexes, selective photo-oxidation, alkali metal
cations





