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Abstract

WERELRE OAMFEAERAICKELR, REBEPREZHSHIZTSH Y. 3 DOREMEBA;M
ZRAVTERZT L, FTRFELEME (AFM) ZAVT, REBEOHRZTE 2L, &
HREBEF /XA—RNILOMLMZHSFHAEABREATVEV, FAThZIBELNSEHEE KA
HOXSORAPEEBEN RONBRE, REREBBEUAOHI RN TV AJREMAN RRE
hizc, TORREL T, ORIV BRRATHESN Y ZY Y HBHUEEZERTHEIEHICHEN
KL, QFBOFRUEF LFSTETLVEY, O2O0FAREN EXShT,
ONFRATHIHARARD DI, XRAEEFIHXEEZT 21z, AT MRS LIVOCREICEETS
IXRLF—FEEOARTNILLS, BBOME, SREMAEADMERLE., CEIC2<BENI EVIE
ZHERL L,

RIZOIZ2WT, BR0FE#MExHER L BB e EER N XLBEME (STM) THEZ
BVEBETCET, BBERFHZRHLIL. AFMBETEMBL LEB TR MBEEANERKL ) €50
ERERN D LECENASHER Iz, Ty ANV REVSKEAORENEEHIVEDEXIC
BVWTE, BRITDAAVOIRILF—HFFTRLTVE,

BH, SEHAVWESTMERER, ARARENAAMBEIYBRLEZEOTHY) . RFEEE (RF1
E1ENFRZABDEVSER ) ZE2EOTRAEV, £, REICBEWDHEAITANO—LOERE
THIRFATYTZRGIDERTRTH D,

FHRTULFTVBSTMEER, RTFBREEZAEIDERAATVS, CNETICSTMARED
WML ET—7ILOBE, FroN—MIBE, FREZDRBAZBERL LY, EEXREER
ETO2RIEACEEZHRRVTEFEICBATIXEN BB ENMYHAL L. BEANBRUOESE
MEHT018FEFICETEERIDEN TERDN 2L, REEUROFEE LI,

We performed experimental studies of structural properties of magnetite using three surface
characterization techniques in order to obtain better understanding of its catalytic property. First we
tried observation of surface structures using an atomic force microscope (AFM). Observed surface
showed corrugations as large as several nanometers, indicating that the prepared surface was not
flat enough. We also found a periodic lattice-like structure, but its periodicity was half of the
expected structure. Two possible reasons can be considered: 1) purity of the sample was not high
enough because it was a naturally grown single crystal, and 2) our cleaning process was not
optimized.

In order to confirm the case 1), we carried out x-ray photo-electron spectroscopy. Based on the
spectra obtained in the energy regions related to oxygen and iron, high purity and correct
stoichiometry were confirmed.

We then optimized the sample cleaning procedure by repeating the cleaning and measurement of
surface morphology using scanning tunneling microscopy (STM). Observations indicated that the
annealing temperature was approximately 50 degree lower than the desired condition in the AFM
experiment. We also found that the ion energy during the sputtering process was too low.

The STM machine we used this year was a machine that Shimizu brought from the previous
institution, not the one we are setting up in this project. The former can resolve atomic steps with
several angstroms high, but not each atom.

The new STM set up in this project are expected to display atomic resolution. We have already
repaired the broken cables, modified the chamber, and purchased some vacuum equipment. It
further requires a stage with damping system and a new vacuum pump. Due to the limitation of our
time and budget, we decided to complete the setup in the next fiscal year.
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Atomic scale investigation of magnetite surfaces towards understanding of its catalytic properties

1. HIREBRFROBE

WX SR IR I DA RE AR BA I B | REEE CKBZBALHICT 570, IDDREFHERK M AV TERET o= FTRF
A EEMER (AFM) ZAW T, REBEDOBRETEofz. REIIHK T/ A—MLOME RS FEEASERSNTLVELN, FRENS
BENEHSNIAHOF S OFHMELOBENROMNDLE . RRELGHEEUNDHEABFEN TV S AREMEN RSN, TD
FRELT. ORMABRR TN ENYHL-ERERTHL-OICHENMED, QM DFFEN LFLTETLEL., D
2DDAREEMNEZ DT,

OARETHEINARS=OIC X BRABFNIEZT ol MRS BB LVERITEHET HIRILF—BEDIRIMLN
o.M OME, SREFMBEOMALL, LT @MV EERERL,

RICQDITOVWT, BB OB R EFHEELSEABEETR N RIVIEME (STM) THREZRYRY LT RBELEHEREL
f=o AFM BIE TERBLIZHM TIIMEBEE A EE LYE 50 ERREEMN =S EMNBALMNER 2Tz, Tz RNV REVNSKREDOREY
EZHIYRAERICEVTYH, BRAT 1AV DIRILF—HATREBL TV,

BE.SEAVN: STMEEF. IRAREVFAMBEIYBEL-LOTHY . RFHREE(RF 1 H 1 @AARZIHEVVIER)ED
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AMRTILLEIFTNG STMEEL, RFREEEFTHERAATIND, CNETIC STM REDEIRLI=7—TILODEBE, Fro
N—INTEE FREEDHRBEAZEFET LN KERRERETIRIRE CEEHIRTEHICEATILENH D EA
BALT=, BEIME LU EEMERT 2018 FERICETEERI S ENTELRN o120, KEEURDFRELLT =,

2. MERRAEEOME R

We performed experimental studies of structural properties of magnetite using three surface characterization techniques in order to
obtain better understanding of its catalytic property. First we tried observation of surface structures using an atomic force
microscope (AFM). Observed surface showed corrugations as large as several nanometers, indicating that the prepared surface was
not flat enough. We also found a periodic lattice—like structure, but its periodicity was half of the expected structure. Two possible
reasons can be considered: 1) purity of the sample was not high enough because it was a naturally grown single crystal, and 2) our
cleaning process was not optimized.

In order to confirm the case 1), we carried out x—ray photo—electron spectroscopy. Based on the spectra obtained in the energy
regions related to oxygen and iron, high purity and correct stoichiometry were confirmed.

We then optimized the sample cleaning procedure by repeating the cleaning and measurement of surface morphology using scanning
tunneling microscopy (STM). Observations indicated that the annealing temperature was approximately 50 degree lower than the
desired condition in the AFM experiment. We also found that the ion energy during the sputtering process was too low.

The STM machine we used this year was a machine that Shimizu brought from the previous institution, not the one we are setting
up in this project. The former can resolve atomic steps with several angstroms high, but not each atom.

The new STM set up in this project are expected to display atomic resolution. We have already repaired the broken cables, modified
the chamber, and purchased some vacuum equipment. It further requires a stage with damping system and a new vacuum pump. Due
to the limitation of our time and budget, we decided to complete the setup in the next fiscal year.
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