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Abstract Oxygen chemisorption on single crystal ZrC(111) surface was studied by high-resolution elec-
iron energy loss and ultraviolet photoelectron spectroscopy. At a low amount of oxygen exposure,
adsorbed oxygen atoms construct (4 3 X/ 3)R30° structure. On the other hand, oxygen adsorption
changes into 1x 1 structure as the amount of oxygem exposure increases. The adsorbed oxygen atoms
show smaller vertical distance from the Zr topmost layer in the 1x 1 structure than in the (v 34/ 3)
R30° structure and approach to the bridge site rather than 3-fold hollow site. The two different oxygen

adsorption behavior comes from the two different surface states of the clean ZrC(111) surface.

AAFe) shhel sbnel Fol
Z 88t

e

LM B

Holg& BEE(TMC)el FHEAL (

~—

Aol A &4

29 A A &}
tron Spectroscopy; UPS)o. & A3

o fu o B

& ATt

ZrC(111) E9He9 M2xEFg u¥sls A
B2 333 (High-Resolution  Elec-
tron Energy Loss Spectroscopy; HREELS) 3}
2539 (Ultraviolet  Photoelec-

A NAEFER S mADY. EF (111)RA
e A4l A1, T (surface state) 7}
Z2A4 3, 7t2E3 50 e EAo] gt
D TMCES AAAA WAL E R o) &8 »
A7 AN GFEA tipe Adke] e
e (1119 7taF e oste AR HG
o A Yo gdex F FHer He

<

HREELSE #3442 AFo) g gAd
2ol AU AE FHse WHoEMN F3
geometryol]l #% HBRE AFstn” UPSe
A EHe AApFeiel s, ZrC(111)
Mol Aba &2 LEED patterno] A AbAweZ
Fol wal(v3Ix/IHR30® TE4 1x1 FF
£ Holtd & dydAMe 449 FHT=E

— 184 —



3 <, vhe A, MR, K, KEIRE, FEFR I L1EdF

o] A} 49121& HREELS$} UPSZE ¢otn
A stk =E 2742 FR AR ALY

el thated =3A
2434y
Aol AEg ZrC AlWL2 H

" (zone-leveling floating-zone) 2. & &

GAdFdozRE LU WAL EHE LS

Imme] :171‘ gkt
1 ]

Al g i

2 re

8mm, 57|
EEREEES
w7 AR Zepelgr gl g, Ti-<
i3l Ay g3t 2x1071" Torre] =&
+ AAg 2 E A 1650C°1%
L2 $£7F7b49 (flash heating) 3o 24 AlH
W o] strh FHY BB 4%
%= AES(Auger Electron Spectroscopy) <}
LEED(Low Energy Electron Diffraction) & %
SEE

HREELSe] Ealz£& 100 A9
oA 6.5~7.0meVolZtt EE
speculard}sFoll A 1087 A ste] dojx
UPSe] A9 HBUoRE Hertag WAL

tlo oX

Al &%

A O

LN < T O o

=g
ek,

R
rHE e

of wAstsE WAl FolA He [ (Hu=21.
2eV) & ol 45 FUe wHTFHoln
AP = 3 H 4= A v gkl A 65° o] 2l t}.

Spherical sector type§! o|u A 847]2] K&
e 0.2eVolth AlA Y dFw UPSEd
e8] 22 a9 threshold2 % E AA 3}
At

3. 2% ¥ g

Zrc(1InWg  Axe =FAAS ELH
HREELS~# e &8 & Fig. 1o Uehlidth
27 525w 6lmeVellA £AM V) L}E}
U3 x=&o] 1L(1llangmuir=1x10"°% Torr
sec)olAtol® 82meVol A Eslle] &4AME
b ek a3 SHAUAE wE
ol  PolAFE  Fristal X3 F Rl
64meVe] S Zrid ol AbAFToa W
Aete AT Ao viglea®. Fig.
2% 3Lel Atz &A1 ZrC(111) A¥&
oe] oA 207 Exe]l A7l HREELS
zHEGo|th A =7t gordl w
82meVel A& 7w Zolxthrh 1300°Col 4

kol A &4 2o 185

o] ¥¥
6lmeVE 3P F}. Iy
patterng HWH 0.5L 713 & («,/yx\/3)R30
Tzl Wi 1L ojAdlME 1x1
wpA T webA ZrC(11D)Eol A s A
A=z 2717 &S & F Al \/
X/ 3)R30" Fxze FLAAE A-93
gol Frtg o FEHe 9xE B-4
Bz} Figd(a) #x). ol o] M2
A2ER YR e ZrCHE IVE-TMCY %
= TiICA1) oM A",

£ TMCe] (111)9HolA 3-fold sited)
‘3} adex AT fee 75175‘“?3‘_9
Aol = 2ZFF 9 3-fold site’} 2t} 3ot
S-fold siteo}gfol] A|2F e EJrz;:-%wa} =
Asle siteol L THE Sue E®AARIL £
AetA] e sitedldl HAl e TR F
23tk o] YA BAYARVE Fojop & X

2o sl ZzANoz (1IDA S

RolAoh dotdEs Az quAE
M &FRA LEED

d HU

=
i

ok

ol 2

Me =
>Sl—,"il-“
K-y S

|

>
l'f Fl

i

bz
N
rSL‘ o

—_
,_.

far

-~

o] &

ZrC (1”)/ 02
o4
| Eo= 4.13 eV
L_—le\‘_‘_____
\ 5.0L
—_ x10
2 K—’/\‘I\_’_________
c | 30L
3 X10
'g Lj\’l\v\_‘____‘ 20L
| A
B X10
2: |
‘0 | 1.0L
§ X 50
£
61 0.5L
| X100
X700 0.2L
Sl e clean
70 X 50
1 IR IO U N (NN WS WY SN SN (Y RS N NS T S N G |
0 50 100 150 200

Energy Loss (meV)

Fig. 1. HREELS spectra in the specular mode of
the ZrC(111) surface for various oxygen expo-
sure.
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Fig. 2. HREELS spectra in the specular mode of
the ZrC(111) surface pre-exposed to 3L O, at
room temperature and subsequently heated to high
temperature. The specimen was held for 20 sec at
corresponding temperatures. All spectra were mea-
sured at room temperature.
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Fig. 3. Schematic diagram of the oxygen
adsorption sites for(a) (v 3% 4 3)R30° and (b) 1
x 1 structures of the ZrC(111) surface. The large
open circles are Zr atoms and the small black cir-
cles are C atoms, respectively. Oxygen atoms are
the circles with hatches and dots. (¢) and (d)
Traced LEED patterns of (a) and (b),
respectively.
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Fig. 5. Work function change of the ZrC(111) sur-
face as a function of the oxygen exposure.

Table 1. Oxygen chemisorption behavior of the ZrC
(111) surface.
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Fig. 4. Normal photoemission spectra of

the ZrC

(111) surface as a function of oxygen exposure at

room temperature. The incidence angle of
radiation is 65°.
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Table 2. Frequencies of oxygen atoms adsorbed on
various surfaces.
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Fig. 6. Experimental angle-resolved photoelectron
spectra of ZrC(111) using He I (hv=21.2eV) radi-
ation. The spectrum was measured at various
emission angles & along (112) and (110) azimuths.
The incidence angle of the radiation was 65°.
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