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A3 [Study on Nanostructure Control and Oxidation Catalysis of Manganese Dioxide (—-fg{b~> > DF 7
I & B LARBEE I BI A HF%E) ) LRE L. O DA ZERLAIE L7z MnO: filkiflc X 2 BIRERLIE 52 DB
I & F  HEERINC X 2 Hal MnO #53&E O @R LIZB L T~ 72 b D TH Y | HXTEMNL, R4 BELVHE
MERTWD,

%1 ETIE, BB LS r e A0, fEix o @b~ o T O E R, ERREIC W TH T
e EBHIT, AFSEOER L BB DWW TR~ 7z, SIREALSSITBRLAIZ AW T, RALKEIEEE T3
HHGZEBFECEMERT HIEERCTH D, T REHE (0 1TEFEMICERE, SVIEMERERE, 5%
TREVER P L2 W ORERE AN, E WO RIRE AT 2R EANRBRLATH D, Bk~ T
(MnOy) 134k% ZefEdmiiE 2 A L TR, TR OHEOBEWIC LY B 20 F R O EIEE 274 L )
ZEART A MDOBENEE LW 7o T D, B — BRI, B Sk x e B O X
TN D, FFIT, MnO: DOFERIEEILE DI PR 2 R ET 5 E CHEEREE AR L TnD72D, %tH
AL ROSRCERALF NI KT 5D MnO2 i O fE i HRERAFIEIIA < ERim SN TV D, —F . IRHEBNER LK
SRS D5l MnO2 HERE I DWW TR SN TWARDN o T2, AAFFETIZAFIREESE 2 (LA & L7= MnO; fif
B K ABEEOG R DOBRFE & / AERETENC K 2 Fil MnO: f1E O st Re b 217 > 72,

%52 T TCIL, activated MnO2 12 L5 5-t Fa % XF /L7 /L7 F—/L (HMF) B0 2,5-7 5 VR R
(FDCA) ARG R DRI E1T T2, Fix OBEBEBBR YO T activated MnO2 23 b B WIETEE 7R L,
FHE R TH D NaHCO: % 5 Z & TEV FDCA IR (>90%) BN bz, RIERN T 7V REHFT HLA
MOBELB LT —T R —/L D FDCA & RBISIZHEAFIRETH U | activated MnO» A3 = TG 2> B A mI6E
TR R — Rl e UCHERET 2 Z LB E Ao T, F2, Ar FFAR T CORILZ & TR O/ RN S|
KRB Mars-van-Krevelen #§4% CTHEIT L T\ 5 2 EVRIB S T,

95 3 FECIL, HMF B{LIC 81T 2 il MnO2 & 2 B & 0IC T 5728, 4 OFERTERE D MnO2, DAL & DFT
RSO IR & O T SUSHE ORI 21T o 72, & HIZ, FliffiE Ch D B-MnO2 D)/ #EEHIEEIC L 5
EERE L AT o 12, BRI 20 D S5-IV 2 L-2-T T VAR e (FFCA) 7525 FDCA ~DFR{b 73k By i
ThV ., flix D MnO: flZ X5 FFCA B{LiEE O FFI1IE Ha-TPR 5> 6 3R D 7o FIR LR E O FF 5] & LV HHES
DD EBABIE TR oT, FFCA ORRITKT 5 R\ M 72 D OIEHEIL B-MnO2 23 & & < . DFT #5716
RDIZFERKIEER T RAF =0 b B-MnO:2 23 EiEMER B AL e U CHGRET 2 Z LR & Te, Rimfd
MME < 537 FDCA PEEDG DR WIER O KEVE BRI D Tk E LT, RIBEEROIRERSRb Vo H L
VY B-MnO: 7~/ #EEHIHEZ B L, mEREZ S B-MnO2 (B-MnO2-HS) DOARKIZAKI L7z, B-MnO2-HS 23
KEMETA K L7 B-MnO2 X activated MnO2 £ 0 & & WG 2R3 2 L & L2 L,

FA4FETIE, BMnO-HS IZ LD FA— L, TUoE=T, O0HDU Ry BALVEYT I KGR GHR OB
HKEAT o1, Fx OBRBEREE LY O T TH B-MnO2-HS 23 b B\ O RBLTEME 278 U, AL DMF/water 1R6
TR CRhRAIZHEST L 72, P-MnO2-HS |3 SIERIE~0D Mn FEOEEH 72 < FF A T e 72 R %) — Rt & LRk
BEL., fix OFFBRBLONT o BEFEREF A —NLDZALELT I MEB IS =V 27— V2@ A A RE T
BT, KISHEREOBRGI D, BROERE & v A AERMEE % 0F 1 D B-MnO2-HS 78 Zoofefbit & U -CERA T
HZET, KUVERy NALKRCT I FERRAEER L EHER L=,

BethIT, AHFTE 2 Ha S Uiz, ABFZE CIRIRARE LRI & L C MnO: filti O Sl i Y B-MnO2 TH 5D Z & % E
BB IOHRFEOWMENSHLNE L, 2, HILWT e —FIcL v EXEEZ > B-Mn0: F /KT D
GREERHES LTZ, 512, b T/ #EERIE S 7z B-MnO2 2 VW72 0 DA EZBR LA & Uiz A 4~ A%
R X OEBKERT Ry NEOROBRRIZH B Lz, (1946 5)

i3« FRSCEEBIL, FI3L 2000 7 & 95832 300 354 1T O T 57, b L<ITTEL 800 5% 1 FRH L T 723wy,
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This thesis deals with studies on the catalyst design and synthesis of MnO, nanocatalyst for
efficient selective oxidation with 0, as the sole oxidant.

In chapter 1, the outline of the selective oxidation reaction processes, the synthesis,
application, and problem of manganese dioxides, and the purpose of this thesis were described.

In chapter 1II, the development of catalytic system for the selective oxidation of 5—
hydroxymethylfurfural (HMF) to 2, 5—furandicarboxylic acid (FDCA) with 0, is described. Activated
MnO, could act as an effective and reusable heterogeneous catalyst for the oxidation of HMF to FDCA
in the presence of NaHCOs. The present system was also applied to the aerobic oxidation of other
biomass—derived substrates and the gram—scale oxidation of HMF.

In chapter III, the structure-activity relationship for HMF oxidation to FDCA was revealed by the
combined computational and experimental studies to create highly functionalized MnO,. The selective
oxidation of HMF to FDCA largely depends on the MnO; crystal structures. The potential of [ -MnO; as
a highly active oxidation catalyst for liquid phase aerobic oxidation was evidenced by the successful
synthesis of high-surface-area S -Mn0O; (S -Mn0,~HS) nanocatalyst.

In chapter IV, the catalytic system for oxidative sulfonamidation of thiols with NH; by B -MnO,—
HS nanocatalyst is developed. 8 -MnO,~HS nanocatalyst could catalyze the aerobic oxidative
sulfonamidation of various aromatic and heteroaromatic thiols without the need for any additives.
The present system was reusable and could be applied to the large—scale sulfonamidation of p—
toluenethiol. This study demonstrates the potential of dual functional solid catalysts.

In this thesis, it is revealed that B -MnO,, which has a large amount of oxygen species with low
oxygen vacancy formation energy, is a good candidate as a superior oxidation catalyst. Actually, B
-MnO,—HS nanocatalyst can be achieved by its nanostructure control, and shows much higher activity
than other crystalline MnO,. S -Mn0O,~HS nanocatalyst was effective not only for the selective
oxidation of HMF but also for sulfonamidation of thiols. (319 &
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