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A% [The Study on Graphene/lron-containing Substance Hybrid Electrocatalyst] &BEL. 7T 7 = v LEEHEW
B L OEAMEIOERE X OEMAE R EIZ DWW TN R EZ F L DO THY | HFETHRR LD TH

%—% [General Introduction] TiX, 77 7 = CIREMEMO T Y — RRBLZE S 2K 0 . AFEOE RS LV
FIZOWTIRARTU T,

% "7 [Background] Tik, AMFZETHWZRIEER XL OFHEEOERICOWTRRTWS, BX(LFHRNEE
OHFTH, FRCRIEREmE A2 EE ERITEICOWCEER L, £/ b 2 VEFHMEE (STM) X 5E IR
ReflEs, BEPLEAEIE (DFT) R W THRIR L7,

% =% [Experimental] TiX., AL THNWON TV ERFIEICONWTELHTWD, FZ, LS T7 7=
(GO) DEMIERS. AHEESEIK L DEEBMOIERFIEIZ OV CEEMIZRER L7,

% UUEE TFerrous lon Adsorption on HOPG by Coulombic Attraction] Tix 27— Y FHAEMERIC X Y 81 4> % &idh)
B2 7 74 b (HOPG) RMEIZWAE S, STM X X BGEF /3 06E (XPS) 72 12 &k 0 £ ol 2 fiftT L7z
FERIZOWVWTIRARTWND, STMBETIE, $kOWE LA M HOPG /L7 T A N AENEEIE
U CKEET DT BRI DN TEY ., $OWEBICLY 7T 72Oy RE Yy vy IBREHNTND Z & &R
BT DR RESTCND, £, 81 4 O Lz HOPG L CldvkFE3A KL (HER) RCiEFiE Tt (ORR) A3
REBESNDBRE AL, ZTOEBICOWT DFT fHEICHESEBE LT,

HHE [The Influence of the FePc/ER-GO Weight Ratio on the Electrochemical Performance in Alkaline Media] T,
gk snr 7= (FePc) & GO L DIREMEBESILFNINIERICT S Z LITL-oTHLILD FePd/EXILFEIT
GO (ER-GO) #HAMKIZOWTHFT L T 5, AEEMEMEM TIX, &Y ORR MILRENFKELT 5 Z & 2 LI
LTW52, ZOHEREL LT ER-GO 7% FePc o FDEHEZBI < & L HIT, WEFDOMICEFRIHAMFENNE@ Z &
ZZEF TV D, FePc & ER-GO & DIRAILBERALFHRER b NZEFIRBICKIZT TR EZ TR, FePe
DEROPALIEILEM RA IS CTEMNZ Y7 T2 282 RHL TS, ZHUTETHICEETH L7 77
=D FePe ~DEHENER TH D Z & ZHimFE D HEA T 7=,

%N# [The Electrochemical Performance of Highly-fluorinated Phthalocyaninato Iron/Graphene Hybrid toward ORR |
TIX. FePc DAIKFEE 7 v Fb LT 85K (FieFePc) AR L, H72 5 ORR fitiiige o B4 B S L 72AfFJEIZ D
TRRTND, 7 v FEIT LY, $EEROBRLRTTENMA 200mV FREEMICS 7 M2 &2 /A LTS, Lo
L7’ B, REERIZE D ORR BRI Z DML HIfFSNDIEETIHARZNWZ ENHBIL, ZOREKE LT, o7F
MXRIZ L 2R EORTOmN LRFTEIToTVD, —HWEREHE LT, 797200 A XE/h &<
THILEBENTHD I & HEFERITR LI,

%t [The Effect of Demetallation on FePc: Its Specific Electrochemical Behavior, Electronic State and Structure | T
I3, FePc DA BRISICE W ERTH 7 X a7 =%— A 4 (Pc?) & FePc & OFHEEM & ORR filtiige &
FHBIIZ DWW THRF Lo RIZ OV TR R TV D, B\EMKERPIZIEWT, el ai Z L7z FePc/ER-GO
(dFePc/ER-GO) IFEXULFEM RN/ NS < o5 — T, BMUEICEMIZR Y &< Y, LU L TEvy ORR
FRIERE N REBLT 5 Z L Z R LT\ 5, EimdtIckS&, Pc L FePc & O OE M AMEANEERTH S
ELTHEY, ZOZ LI XPS R IR MEND bERMIZIFF SN TND, EHIT, MMHKERICEmEZIZIET 5
727 T FePc BRI EZREZ T2 L2 AH L, 5725 ORR MERESFHE~DH K Z R LTz,

% J\# [Conclusion and Outlook ] T, AFH L&A L7z,

INEET DI, Kiwld7 77 = v LEEREWE L OBEAGIZIE S WiE OB YO LA BRI & D
BIPEIZOWTCREIR L, 779 7 = V&2 FMR & LI BRI ORGHEH 2 R LI D TH 5,

%5 FSCE R IX, RIS 2000 57 & B3 300 3E% 19 DHRHT 57, & L <IFHEIL 800 35% 1M LT EE 0,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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Graphene attracted much attention as a new carbon material that provides unique
physicochemical properties useful for electronic devices. In this study, the modification of electronic
states of graphene by the adsorption of foreign metal ion and molecules which contain elemental iron
was focused, and their hybrid electrode was applied to the catalytic electrode reactions. Firstly, the
electronic states of graphene (highly oriented pyrolytic graphite (HOPG) was used as an equivalent)
modified with electrostatically-adsorbed Fe(ll) ion was investigated by scanning tunneling
microscopy (STM). A clear contrast of the images between the vicinity of Fe(ll) ion-adsorbed sites
and a bare graphite plane was observed depending on the applied bias voltage. It suggested the
opening of electronic band gap of graphene by the adsorption of metal ion, which was theoretically
supported by density functional theory (DFT) calculations. The enhancement of the catalytic
performance toward hydrogen evolution reaction (HER) and oxygen reduction reaction (ORR) was
observed at the modified electrode. The modification of graphene with a macrocyclic metal complex,
iron phthalocyanine (FePc) was then investigated. It was found that graphene sheets effectively detach
each FePc molecule to avoid agglomeration, and acted also as an electronic conductor to enhance the
electrochemical response of the adsorbed complex. Catalytic ORR activity at the modified electrode
was significantly improved and the onset potential was shifted positively depending on the
catalyst/substrate composition, which was explained in terms of the electronic interaction between the
catalyst and the substrate. In order to establish further improvement of catalytic activity, highly
fluorinated iron phtalocyanine (FisFePc) was synthesized and fabricated a composite electrode. Due to
the small surface coverage of FigFePc on graphene, positive shift in the onset potential of ORR was
not large enough as expected from its formal redox potentials. Down-sizing of the graphene supports
was found to be effective to mitigate the electrostatic repulsion between the adsorbates. The catalytic
performance of FePc is known to be degraded due to the de-metalation reaction. However, it was
experimentally indicated that the formed phthalocyaninato ion can interact with FePc to form a
molecular associate which shows superior ORR performance.
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