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Abstract Oxygen adsorption on the single crystal NbC(111) surface was studied by high-resolution
electron energy loss and ultraviolet photoelectron spectroscopy. On the NbC(111) surface, oxygen mole-
cules as well as oxygen atoms were adsorbed. Oxygen atoms were located at the 3—-fold hollow site of the
NbC(111) surface with the frequency of 548cm . It was found that oxygen molecules had vibrational
frequency of 968cm ™' which was much lower than that of the free oxygen molecule. Also the work func-
tion of the NbC(111) surface has increased by adsorption of oxygen molecule. These suggest electron
tranfer from the NbC(111) substrate to the 2pz,* orbitals of the oxygen molecule.
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Fig. 1. HREELS spectra in the specular mode o
the NbC(111) surface for various oxygen expo
sure. The topmost one is the spectrum of 3L
(1llangmuir=1x10"% Torr + sec)oxygen adsorbec
surface after heated at 300°C for 10 seconds. Al
specira were measured at room temperature.
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Table 1. Vibrational frequencies of oxygen
atoms adsorbed on 3-fold hollow site of vari-

ous surfaces.

SURFACE FREQUFNCY ADSORPTION REFERENCES
{cm™) SITE

Pt(111) 490 3-fold hollow 18

Ni(111) 580 ” 22
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NbC(111) 548 » this work
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Table 2. Vibrational frequencies of adsorbed
oxygen molecules on various metals and NbC
(111) surfaces.

SURFACE w-o(cm™") REFERENCES
Ag(110) 640 16
629 23
Pt(111) 870 18, 24
875, 700 14
Pt(321) 885 25
Cr(110) 1020 13
Pd(100) 726 15
NbC(111) 968 this work
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Fig. 2. Plot of measured O, frequency versus for-
mal bond order for di-oxygen species® (solid cir-
cles) and molecular oxygen adsorbed on A ; Cr
(110)™®, B ; NbC(111)(this work), C; Pt(111)"*
[chelating], D ; Pd(100)'®, E ; Pt(111)' [bridg-
ing] and F ; Ag(110)'® surfaces (dashed lines).
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Fig. 3. Principal types of presently known metal-
dioxygen geometries. Bond orders : — means sin-
gle bond and --- means half bond.
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Table 3. Di-oxygen vibrational frequencies in

metal complexes(from Ref. 12).

STRUCTURE FREQUENCIES(cm™")
Ia 1130~1195
Ib 1075~1122
Ila 800~932
IIb 790~884
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Fig. 4. Normal photoemission spectra of the NbC
(111) surface as a function of oxygen exposure at
room temperature. The incidence angle of the He I
radiation is 65°.
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Fig. 5. Work function change of the NbC(111)
surface as a function of the oxygen exposure.
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