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Title

Abstract of Thesis

Metal-organic frameworks (MOFSs) are a class of porous materials that constructed by the inorganic metal oxide
clusters and the organic linkers. The semiconductor-like character of MOFs makes it possible to use MOFs as
efficient photocatalysts in photochemical reactions. MOFs as photocatalysts have some structural advantages
such as highly tunable pore size and crystalline structure, great crystallinity, large surface areas, diversified and
tailorable structures, etc. Hydrogen peroxide (H202) is an important oxidant, clean fuel and energy carrier. Thus,
MOPFs-based photocatalysts for H2O2 production from Oz are developed in this thesis.

In Chapter I, MOFs materials including its definition, structural characteristics, physicochemical
semiconductor-like character, and its use advantages in photocatalysis were introduced. The state-of-art work in
the photocatalytic H202 production were also discussed. Two main problems faced by photocatalytic materials: (1)
the recombination of photogenerated electron—hole pairs and (2) the insufficient utilization rate of visible-light,
were demonstrated. The purpose and outline of this thesis were also introduced.

In Chapter II, a photosensitizing ligand, 4,4’,4”,4”-(pyrene-1,3,6,8-tetrayltetrabenzoic acid (L2) was introduced
in MIL-125, forming L2-functionalized MIL-125 (MIL-125-L2), which achieved a high photoactivity of H202
production from Oz reduction under visible-light irradiation with triethanolamine as a sacrificial agent. Such
photoactivity can be attributed to the unique visible-light absorption of L2, which is originated from its extended
n-electron system, making MIL-125-L2 a visible-light-driven photocatalyst.

In Chapter III, a hydrophobic Ti* doped Zr-based MOF with different Ti content, in which its metal Zr clusters
were alkylated by the octadecylphosphonic acid, was synthesized and used for photocatalytic H202 production in a
two-phase system (water/benzyl alcohol). It allows the formation of H2O¢ in the water phase, and the dispersion of
MOFs in the organic phase, respectively. The hydrophobic Ti** doped Zr-based MOF exhibited a remarkably
enhanced photoactivity of H202 production under visible-light irradiation. The enhanced photoactivity is
attributed to the effective Ti*"-doping and the unique hydrophobic nature of the catalyst. Ti4* species played the
role of effectively promoting the electron transfer from photoexcited linkers of MOFs to Ti** species, inhibiting the
recombination of photogenerated e —h* pairs in the hydrophobic MOFs matrix. The unique hydrophobic nature
prevented decomposition of H2Oz by spatial separation of the MOFs and the Hz2Os.

In Chapter IV, a hydrophobic Fe?* doped Zr-based MOFs, in which its metal Zr clusters were alkylated by the
octadecylphosphonic acid, was prepared and used for photocatalytic H202 production in the aforementioned
two-phase system. This hydrophobic Fe3* doped Zr-based MOFs exhibited a high photoactivity of H2O2 production
under visible-light irradiation while the pristine Zr-MOF did not show any photoactivity. Such high photoactivity
is attributed to the Fe3*-doping and unique hydrophobicity of MOFs. The doped Fe3* ions conferred Zr-MOFs with
visible-light absorption, and acted as an electron donor for O2 reduction to H202. The unique hydrophobicity
inhibited the Fenton-like reaction induced by Fe?* ions via spatial separation of the MOFs and the H20s.

In Chapter V, a heterojunction between the MIL-125-NH2 and perylene tetracarboxylic diimides (PDI) was
designed by modification of the PDI upon the MOFs (MIL-125-PDI) to promote the photogenerated charge
separation between MOFs and PDI. The well-matched band gaps and redox potentials between the PDI and the
MOFs are suitable for the O2 reduction to H20z2 and the H20 oxidation to Oz2. As a result, a significant
enhancement of activity over photocatalytic H2O2 production from H2O and Oz was realized.

Finally, the overall conclusions of present thesis are described in Chapter VI.
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AFwSLTHE, BEFR (02 DR ITLAUGIT & 2 IBEM LK TR (H202)iE % 2 — 7w b & L, e CRE L /e > T D,

iEAR SN BT IEAX OB G iAo s ORI A EEZ TR 2720, &RAHEEER(MOF) % ik &
L 72 TGS B M DB R 21T > TV 5D, ARTIILTO L 5 ICE SN 5,

1) SEBUEENL - TH D 4,44 4" (B L-13,68-T FTAN) 7 FT7REBEFEE (L2) % MOFMIL-125)D A Hk
WCEAT A Z LI2L D, L2 TEM SN MIL-125-L2 28 L TW5b, £/, AIBCERE T, Nz —1
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2) BB Zr 7T AX—ENLO—EE TV TEBE L, SBICHT X T VIR AR CERIC X - TER L7 HBDe il %
BRL. KH20)E R DA T N a— /LTRSS 2 FR TONRAER Ha0: EICHEH L TV 5, G LTz
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HL T3,

3) & Zr 7T AX—ILO—H%E FrCEML, X BICA T ¥ T VR AR VEETER LBk YE Fed R—7
Zr-MOF Z 3RS L, 2 #HR TOMMER HoOr ERIZOWTHEHAM L TW5, F—7F &7 Fe3tA 4 28, Zr-MOF
DARENBIIY A S &R DT TR, 0B OB MG LE UTH#ET 2 Z & TR N T Ha02 A AL
WEWIEEZRTZ L2 AL TWD, S OICBUKEEZM G52 & T, MOF &Rk L7z HoO2 232295y
SN, F'A TN Lo THEREND 7= PURIEBIHIEN D Z L LML TN D,

4) MIL-125-NHz (2, AEEFEELRDNY LT b T HAVRUVEEY A 2 F(PDI)ZEAf L 7= MIL-125-PDI S filifif 4 B %
L. H20 Z3ieAl & U7 Sefhiit i) Ho0 8E % 3k L T 5, PDI & MOF O /N Y R ¥ v 7 L i{iE o BALIE
I —&LTHY, AHOLRE T T PDI ® LUMO %5 MOF @ LUMO ~®D YR L= e B E), 35 X O MOF
@ HOMO 75 PDI @ HOMO ~®D YA L 7= W OB ENC X v BRIEES R S, Zhic kv, H0 AERKICE
T DIEEOKIEZ M ENFEHTELZ L 2HLNIZLTND,
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