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Abstract

MBEEZEIARAZAZHIBETHEL, HTARBPRIEOXEHZEBIDENT, EF
ErSs#BEL TEEE N XLBEBHEBESTMOIL LT ZT 2, 2FBERZERFEG. BYERE
NHEEZTTICSTMAEANRETED L SERERAKRKEAZEAL, KEZTOLICREL
2o BR. BALYEEOBBRBESO /A ANREEN, RFOBETSTMEZBRI LN
AREE 21z, COREREEICEF. STMOBERBEENSDTZ 774 NHOPGE £Au(111)RME
ZRWVE,.

AMRTE—TY RELTVRIRILED—BETHIUKILOHAR . BREFZRZTH S - OHEHK
ENREV, BEERALLEDOELRBINEBERZRBEDIA-—N—HLSEBAL, BEEEZTTH
REF2tLl. SE2ETER2RANERENTVRLZBAIOD L. FTREEFRE
F(LEED)DRERZT> /- (YE- MRHREBICTER ). BERFOEIICHL THRFAH2
FORBPEF >TEINTHIEVSIBEETINEILS —BTI6ENMEEETHEF/NI—2 25
2o TORMESTMICKWBREL &3, BRECKHL AERLEICEETIHREFHBHNIC
WAKRFARSN, TSERAIICEREVMHIZ<FELTVDIEELHSHER 2=, hiF

. BEEZABAICEI KD FIRELERREZEASND, ATHROEBERIEBREREY
1hOEBYS, MEFHANIRBELEZEORKEEROFS, BEHAMNIRELLEEOR
KEEFREND, COFRDUAFREL TR, Ky FEHEICEZZRNICEALIEBEMTS
REBERETS. O-HIRBIRILF—ICHET 2450 meVEED > XL EFESTMREH 5
BREDEAULRBORFERADEV D LEFENEFSND, ChSDRRICHKEZHABA
NL7T OB FHREBALLZYS, SEOMRTKESRAS 7 NRBICS FTRBEKLOMEE LT
NEEZHSHICTERDEOEHBFE NS,

We have set up a scanning tunneling microscope (STM) since last year in order to understand the
adsorption and reaction mechanisms of gas molecules on catalytic surfaces through high spatial
resolution observations. This fiscal year as the second year of the project, we installed an air-
spring type vibration damping table, on which the whole instrument was mounted. That reduced
the noise in the low-frequency range of several Hz, and atomic resolution STM images were
successfully obtained. We used two standard samples for the confirmation of atomic resolution:
graphite HOPG and gold Au(111) surfaces.

The sample of our target material, magnetite, one of the iron oxides, is a naturally grown single
crystal, and thus the quality varies crystal by crystal. We purchased a new single crystal from a
different manufacturer from the one we used last year, and cleaned the crystal in ultra-high
vacuum. In order to confirm the surface cleanliness over the entire region, we first performed low
energy electron diffraction (LEED) experiments at National Institute for Materials Science. The
obtained diffraction pattern showed 6-fold symmetry that agrees very well with the structural model,
where iron atoms are arranged with a period of twice the lattice of oxygen atoms. STM
observations on the same surface resolved periodically arranged iron atoms at the tetrahedral sites
of oxygen lattice. Furthermore, the acquired images showed that the surface contained many
adsorbates, which are probably caused by the adsorption of residual water molecules in the ultra-
high vacuum chamber. Based on the comparison of experimentally derived adsorption sites with
earlier theoretical calculations, the adsorbates on top of iron sites are expected to be water and
hydroxy, and the one on oxygen sites be hydrogen. A few useful methods to prove these
assignments include intentional dose of water molecules into the vacuum chamber, and
investigation of tunneling electron-induced reactions by exciting O-H vibrational mode at the
energy of 450 meV. We have already attached a gas dosing valve necessary for these
experiments. It is expected to clarify the catalytic role of magnetite for the water-gas shift reaction
in future experiments.
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Atomic scale investigation of magnetite surfaces towards understanding of its catalytic properties

1. HIREBRFROBE

MR A B T AR EEE ERI S REETHEL, FARBCRICOEHZEMRIT L8 T, MEENSBELTERR N RILIEW
BE(STMDIL EITHETo . 2 FREHAIARFEEL. EMIRBOFZELZZITT(Z STM BIENEHECTEEL53ZERERABRIEEEZEA
L.EBEZZFDLIZRELz, R, HAIWVVEEDQBEIEMEED /A XHBRESN., BRFDHREET STM BEFHIENTREEH-
fzo COREREEIZIL, STM DBERKESN DT FT74MF HOPG &5 AU D)REF ALV =,

KR ETE—HYrELTWDEIE B D — B THOIMMRIMLDOZEH T, BREFERTHAIHERELAKREN, HEEFRALELDEE
AOBEEREERLGDIA—D—DOEAL. BEEE T THAEZEFEL HHE2ETEEREANER SN TWSILEZEADH DT
. FTEEREFHREHT(LEED)DEREIT o= (WE - M E A EHEICTER) . BREFOERIICHLTHEFN 2 E0OBRHEE
STEINTEIEVSEEETINERL TS 6 BxdifEE B THEFT/NI—2 %/, TOREE STM [CKVERLILECA, BB
IZRLT 4 EARGEICEET SHFREFHARMICHE SEHRFARONT =, SHICKRAICIEREYNZFEEL TSI LALLM LGS
f=o ChiF. BEEERBARICEREKDFHARE LLEREEZONS, EITHEOEGHERKRLRF YA LOLEENS ., HKEF
HAMIRELEDDIEKEEFOFY BERYAMIRBELELDIFKEREFTASND, COFRDIAFEELTIX, KDFEHRE
[CEERBRNICBALENT SZREEEZFTET S, O-HIREITRILF—IZHHL TS 450 meV BED LR ILEFE STM M5
WEDSEALRIGEDBFEFERZDEVSEFEREFONS, CNODERERICHELHREA/NILTOBRYMFIFIZEALLERH. S
BOWETKEH R IERBIZE TR MOMIEEL TORIIFHESMNITEDLDEHFIN S,

2. MIRERRAEEOBE FER)

We have set up a scanning tunneling microscope (STM) since last year in order to understand the adsorption and reaction
mechanisms of gas molecules on catalytic surfaces through high spatial resolution observations. This fiscal year as the second year
of the project, we installed an air—spring type vibration damping table, on which the whole instrument was mounted. That reduced the
noise in the low—frequency range of several Hz, and atomic resolution STM images were successfully obtained. We used two standard
samples for the confirmation of atomic resolution: graphite HOPG and gold Au(111) surfaces.

The sample of our target material, magnetite, one of the iron oxides, is a naturally grown single crystal, and thus the quality varies
crystal by crystal. We purchased a new single crystal from a different manufacturer from the one we used last year, and cleaned the
crystal in ultra—high vacuum. In order to confirm the surface cleanliness over the entire region, we first performed low energy electron
diffraction (LEED) experiments at National Institute for Materials Science. The obtained diffraction pattern showed 6—fold symmetry
that agrees very well with the structural model, where iron atoms are arranged with a period of twice the lattice of oxygen atoms.
STM observations on the same surface resolved periodically arranged iron atoms at the tetrahedral sites of oxygen lattice.
Furthermore, the acquired images showed that the surface contained many adsorbates, which are probably caused by the adsorption
of residual water molecules in the ultra—high vacuum chamber. Based on the comparison of experimentally derived adsorption sites
with earlier theoretical calculations, the adsorbates on top of iron sites are expected to be water and hydroxy, and the one on oxygen
sites be hydrogen. A few useful methods to prove these assignments include intentional dose of water molecules into the vacuum
chamber, and investigation of tunneling electron—induced reactions by exciting O—H vibrational mode at the energy of 450 meV. We
have already attached a gas dosing valve necessary for these experiments. It is expected to clarify the catalytic role of magnetite for
the water—gas shift reaction in future experiments.
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