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' 'Angle-re‘solv'ed Photoemission Spectroskcoby'S‘t"udy'
of Transition Metal Carbide Polar Surfaces

~ Kazuyuki EDAMOTO
. ... Department of Chemistry and Materials Science, Tokyo Institute of ,Teéhizdlogy

Angle-resolved photoemission spectroscopy utilizing synchrotron radiation has been used to study the
electronic structures of transition metal carbide (TMC) polar surfaces. It is found that surface states com-
posed of surface metal d-orbitals are formed at around the Fermi level on all the ideal TMC polar surfaces.
The states are formed to stabilize the polar surfaces through a charge redistribution which acts to screen the

“long-range electric field inherent to polar surfaces. The existence of the states makes the polar surfaces
much active towards gas-adsorption relative to the neutral surfaces on which such states are lacked. It is
also found that the states play a key role in the alkali metal adsorption process; the states interact strongly
with the outermost s orbitals of alkali metal atoms to form bonding and antibonding states. The interaction
results in the formation of polarized and dispersive adsorption layers on the polar surfaces in the initial
state of adsorption, while the adsorbed alkali metal atoms form islands from the initial stage of adsorption

on the neutral surfaces.
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Surface structures of (a) TMC(100) and (b) TMC(111).
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Figure 2. Valence band spectra of ZrC(100) and (111).
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Figure 3. Normal-emission spectra of the TaC(111) surface as a
function of photon energy. The incidence angle of the light is 45°.
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Figure 4. Change in the normal-emission spectrum of the
TaC(111) surface as a function of H, exposure at 300 K.
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Figure 5. Normal-emission spectra of TaC, HfC, ZrC and
NbC(111).
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Figure 6. Integrated photoemission intensities of the surface state
on TaC(111) as a function of photon energy. Integrated photoemis-
sion intensities of poly-Ta from Ref. 25 are also shown.
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Figure 7. Ta 4f level spectra of the TaC(111) clean surface and
the surface exposed to 10 L. O, at 300 K.
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Figure 8. Off-normal-emission spectra of the TaC (111) surface as

a function of detection angle. The incidence planes are parallel to
the (a) <211) and (b) <011). The detection plane is in the incidence
plane.
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Figure 9. Off-normal-emission spectra of the HfC (111) surface as
a function of detection angle. The incidence planes are parallel to
the (a) 211> and (b) <01I). The detection plane is in the incidence
plane.
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Figure 10. Measured dispersion E(ky) of the surface states on
TaC(111) (+) and HfC(111) (0).
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Figure 11. Schematics of adsorption models of alkali metal atoms
on TMC(100) and (111).
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Figure 12. Change in the normal-emission spectrum of the
NbC(111) surface as a function of Na coverage.
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B LTWABD, THUTEEER & Ne3s BLBORRIC &
0, BEALITHEA A VALBERE O/ S\ 3s BLBER S 23R U
BI2DTH 5B, 2 DO GBI NS5 TEEORE
HEATIIE, sy TRINDEMITFEAEIEICHEY S
Bo sy MEALDOBIERD L, HICRED OB ClIEm
HERT R (Nbdd BLBERLS) RSB TH S EE 2 BN 5,
Chid Na Of/bak 3s BEF AEE Nb FFRlIC#tE e h
TWAHAZ EEBRLTEY, ThARBEWIIC KT 5 EE
Na OB WA HOFER &iro Tnb, BEEH0.4 ML %
Wxhl, s, WMz CHh—27 (s) BEpE TFICH
BLld B, sa BEALIT sp BEAT & PR B3 RO & th BB 1o B2
THEMIZFAECTE S, s U7 BHE T 2 W ERER
BB PIES AL L7 SEBRICAEY L2, s, #4713 Nads
WERDBEETHE B DE, UTTHENSL LS
12, S So MEMOZRTENY FIZ T EPBNEEE-T
Wh, Ko TREBEEOWERIIED s U= DY T & s,
V—7 ORI, FEARRICTIE E SNV FOGEOREIC
F0&/-ba3NBEELZLNS,

Fig. 131, BHAKRFENE X DBz TM H 1\ O KR
DY PRy T TH5, (@QIIEEHFEICT AREER
(s1), (D) {F0.14 ML |2 51 % s #62, () 130.77 ML i
B 5 sy, s ROV PSR LTCW5, Fig. 13X
D, TEEECOSENT Nads Bl & OERIC I DREED
WA & FICEFEAIC AL L TWAE I bbb, SNV ED
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HEPOHAShAEFOBHEE (m*/me) BEHE
D s I B 52.6£0.42 50.77 ML @ sp (1251 51.3%
0.1FTHA LTHD, THITEERMIC s LERSMEL -
T E DR TH 5%, W& Na 23 AR n g v 37/
TEIT S it 63 sy, sp AT FHIO AN 2 B L7z
GHERLTWA, ko TIOHEREREEMIBER
ICRELTE LY, RELEITIKN > 72IFRTE(L L7 BE
g Twb B s, K/NbCA1D)BERTHIEIEU
LERBROBERNPBEONTE NS, EREIILLIHEGE
SLDOFRIE T V7 U 4 )8 /NDC (111) WA RITIm L 724§

BErEZONS,
PlET@AZ LS, (IDEICRT 27 )VAh ) eBE

FOREDOBHE, BRI OREIESH FOR R El
ERICLTWA, BEFICE L, FEEMII IV —MIZ
W LT IA Y SRR s Bl & RRT 5, BRI
WEDINC BT 548 d BB EEOBE S HEELOV I,
MDE BT 27V H ) @BETFOBWSEA 5] &t
L, IThRABEVIRIC B A58 LcBER OB OR
RiZiz-Tnwadb0EEZLNS, (100)EDOEE, Er
SEEEIC D XS IR MERL BT\, ST VAU E&E
JRF L RmEOEEERMNEL, BECIVHERINALY
Bd/NIWice, BEFEEO 7 —oVEEBPSIV, Lo
THREOPR LV BEEROMEEERAM»EH L, island DY
WMABIHbDEELLNS, NDCAIDEHOHE,
Figs. 12, 1312773 5 L 51T, NalEIC XLV RmEERr
BEGANCET 5, Thid, TAERREEICIERTE/LL
2NV RTCH - 7o TEBEMICA L2 Na3s i BEI S
LD, ERTE LA S NS DL
E2 bbb, —7, 4EEBRIHTH S ZrC DALDHE
OB4E, KOEFR< 7 iz R NbCA11)E L & FkE
RIS HERE AR CETT 5 2 &bk o TN A9,
L2 L, ZrC OBATEAEERLOTMRIC & 5 REHEM DL
(LT EFEACIIETE T, KORBEIC LD EEEMIC X
B —7 OMEREE L UEEHEMIZ XA Y —27 25l
KHRET 5%, i, RKEELPHHBEERERT
WRELTED, R KBREICI VR INSHEaE
7 S BEFR BN ORISR D LB TES, Th
i, 4R E 5 ROeBRIBEREIC ST 2EFRED
RIARE S LR 6B 2 6N, BRIV,

4, &HYIIC

41k, SROEBRSBRICYBEREOEFIRRE &G
PEIZDWT, BEDHF 4« DWIFETH LD Lk - 7ol D\
TN LI, —EDOWRIZL YD, SERIHEEREICIT
&BdBE» DRABEORBMEMLEEINS Z LR
PO &l TEI, REEAOTKIL, BHOBEIIL
BUCERORELIES LTS L0 EEZLNDS, L
L, —HTREREOBRTFREBICIS T BT VD
B\, AL TLSN/ 4R, 5 ESBRIUYOEEER B
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R RMOTAEORREOMIZ b, SBRICYEEMICTE
WHNCEEN S RAREZILOKREEFREBICH /-2 5 HE
R, Bl RS NCERAESRENC 310 5 KRR g OE
TRREBICH 2 288 L, MPTNEHEILZV, KEOD

FUGHEIZDWCid, BRaBBAREEIC A TH%ESC
DHEDBEBDITP IR CORERTH Y, BUTEBERL
POREIZ DOV T SHEBWICHREZRER S BTN
ER|ICH B L2 5,

i

L EOBREZTIICHD, BRI BEGERAIREL
TN W B TR AT O R B S LI B 22 L
Fd, 7o, KEFHSHRBEEZTOICHIc- TREERIT
- Fo B LAV — IR FeRE, MU ERBREE (PF)
WO FRIZER AT, MR EEBREH (UVSOR)
DAZ 7 DR, FICIMEEEREE L (BAARTAEE),
Mg AE L (& phds), HPE—pEt (57
BIF) B BEW o LT, D EoMEE, B R
PF Cf7- -k MFI HER (GREHKS88-194, 90-131,
92G-301, 94G-186, 96G-271, 98G-018) 15 X U4 FHF,
UVSOR TfT - /- e gk FI A 8 (BLREE B 4-G813, 7-
811, 9-514) ORFEDO—HEF L DD TT,
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