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In this study, by utilizing various spectroscopic methods including single-particle fluorescence microscopy as well as
time-resolved spectroscopic method, systematic studies of interfacial electron transfer between photoexcited MOFs
particles and various organic compounds were carried out.

Chapter 1, we reported the nature of luminescence transitions in MOF-5_n and the interfacial charge transfer from the
photoexcited MOF-5_n to the surface adsorbents. Basically, the optical transition responsible for the green emission of
MOF-5 is similar to that observed from ZnO. However, there are significant differences in the temperature dependences of

the PL intensity change and peak-energy shift, and in the activation energies for the thermal quenching or activation

processes. From the steady-state and time-resolved PL measur the bimolecular reaction rates between the

photoexcited MOF-5_n and S, such as aromatic sulfides and amines, were determined. The one-electron oxidation reaction

of S during the 355 nm laser flash photolysis of MOF-5_n in acetonitrile was directly examined using TDR spectroscopy.
The relatively high oxidation efficiency of MOF-5_n compared to P-25 TiO, photocatalyst was found from the
comparative studies on the amount of adsorbates and the concentration of S™. It should be noted that 8™ generated in the
MOF-5 system has a significantly long lifetime of over 50 us. Based on the Marcus theory for the electron transfer
reactions revealed that relatively low HT rate and long lifetime of S™ obtained for the MOF-5 system can be ascribed to
the larger value of Ayp = 1.2 eV, contrary to ZnO and TiO,. It is believed that the flexibility of the MOF structure and the
accessibility of solvent molecules into the porous structure play important roles in overall reorganization of the charge

transfer system. Moreover, the influence of adsorbed water on the ph d reaction pr of MOF-5_n was

examined. Although the spectral assignment is incomplete, the electron transfer reactions with S were observed during the
355 nm laser flash photolysis of water-treated MOF-5_n (MOF-5_aq) powder in acetonitrile. It was concluded that the
excited triplet state of terephthalate, which is dissociated from the MOF structure, is involved in the redox processes.

Chapter 2, the one-electron oxidation processes of organic compounds under photoirradiation of nanosized and
microsized Eu-MOF particles has been studied by combining time-resolved emission and absorption spectroscopy,
coni‘ocal microscopy, and theoretical calculation based on the Marcus theory. These results suggest that Eu-MOFs work as
an efficient photocatalyst under UV light irradiation and exhibit apparent size-selectivity for the organic compounds.

Chapter 3, in situ observations of host-guest interactions in individual dye-encapsulated MOFs by utilizing
single-molecule, single-particle fluorescence spectroscopy were carried out. Well-defined MOF-177 particles were found
to act as good protection material against solvent penetration even if the MOF structure allowed the incorporation of
rather large chromophores such as DNS.

As a relatively new class of materials, MOFs will continue to attract interest and inquiry by both academia and industry.
They exhibit considerable potential applications of molecular recognitive MOF photocatalysts for extending their
photosensitivity toward the visible light region by varying both the length of the organic backbone of the ligands and the
degree of conjugation in the ligands. It can be developed a strategy to fabricate novel host-guest composites of MOFs and

a variety of functional molecules suitable for new applications including photoelectronic and optical devices.
HWXBEORRODEE

AWLTI, W VREFH. FERIEE. M~ OISR O FREMA HBIL 2 0 T 3 SIS B-HHEH (MOF)
IZOWTHFE LT, ZhETEL O MOF AR &, MOF OBEERBRICKV TiL. RSB L EHHRY o b —0iEy)
TER, SEMRRE. BROX Y MU — s BROMEHENAEETHS L bhro T, —F. MOF O¥ft3¥k &
U EA2EE, B4 D MOFs BIF- DR R b4 2 MAEMERIZOWTORFERD 2 | EFERERENE, F2
TARFETIE. SF LAV TO MOF MR HIES 2 2 & BEIC, MOF MO XM EBHBENERES MOF AD5F
OREERIZOWTRN LZ, ARXICRIT3ERRELYENT S LUTO@EY TH5,

(1) StFhE MOF-5 L Hifs T & DEHBMBRIC L DERNF T WD F 4L DAY, BUMS AL KB
RALRTEHENZ & > TR~ T2, MOF-5 DFEHA T MOBBEKTIEMES Zn0 OF / RFOHE L Bt L7, 355nm L
—PF—T7 Ty vak b VRRL, I<MbNI- KM THS TiO: P-25 ¥KIZ & 5 EEFHERMLYT I v 0—BF
LG & B L, MOF-5 DIF 52X 3 AT BV SR THETT 5 Z L LM L, ZOBHBHBRIEI~— X
ERCTHRTEZZLEHALMI L, E/o, MOF-5 R RHENKRFIZ Lo BT HZ L 2HLMIT L,

(2) S2% /4 K MOF Tt $BIEIC X BHMY > 1 —DRE=INE—RT ¥ ) 4 FicBBL . BHEEST
LOMTEBHBBISHRI 5L EX N5, £Z T, Ew-MOF F7/8FL. Zhick# L-Htam e oMok
BREEFMBHERIC OV THMISBERIVE, B—0TF « B—RFRENRELE-> TR, BHBBRISIL.
v AR CTUATERZ LALLM L,

(3) WHEICHBAREN T O —T THB 4 VAFAT 2 /-4-= huxvE (DNS) #AVT, MOF-177 RicHiF
BARA M2 MAEEAEE—AT - BRI TEEL R Ko TR L7z, MOF-177 fICR Y A Eh4Fit.
WA MU b 7 0 a RV AICEERD Z LICE > TR T 2 &, %=, MOF-177T ~OBRVARIZL Y, #
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2 I DNS 3 FOSENFB L UBRAFLLEES N TND 2 ERbhotz, &5IiZ, MOF-177 o B— DNS 4
FIZOWTHT Y 2V JTREELBR L7,

UED & 51, FIRILiZ, MOF-5 7/ RIFOREDME & HEhE Eh - MOF-5 3 & U EuMOF F / 817z 1
THEBERCHRFERT IR EDHFREAD L ORBOXBHBE 2 EHRIB. RMSAREES HEEZ AV TH
LT L, EDIZ, BHEICBBREXTn—7THB DNS 2 AV T, 4D MOF-177 RIFTHORR h-# R b
MREEREZ B—NFRARIRELAVCTHLAC L, K-> TARTIIEIRTE LTHEHZ LOLBH S,



