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The intrinsie data of the X-ray phctoelectron spectra (XP3) and
¥X-ray-induced Auger electron spectlra (XAES) for 34 transition-metals
and related oxides were presented. The clean surfaces of the mstals
were obtained by two different methods ; mechanical filings and
ar" ion etchings. The oxides examined are typical compounds such as

Se 0 TiQ and NiO. The report consists of 4 wide scans, 26

2030 T30 V505
core-line spectra, 10 valence-band spectra and 20 XAES spectra. The
peak positions of the core-lines and the Auger lines were summarized

in 8 tables together with their chemical shifts.

KEYWORDS :

X-ray Photoelectron Spectroscopy, X-ray-induced Auger Electiron

Spectroscopy, Scandium, Titanium, Vanadium, Nickel, Oxides, Sputtering

This work was done by the use of an ESCA spectrometer connected

with the JAERI Tandem Accelerator.
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1. Introduction

X-ray photoelectiron speciroscopy (XPS) is widely used for the chemical
state analyses of solid surfaces. The intrinsic data of the XPS spectra

vhich are available for the sgtudies of material science have been compiled

)

The chemical
1,2)

for many elements and their typical compounds as a handbook.1
shifts of the main core-lines have also been summarized in tables.

However, the intrinegic data of the valence-band and the other core-line
spectra with relatively weak intensities have not been compiled yet. In
addition, the handbocks published are not necessarily comprehensive in
their coverages. One of the objects in this series of the reports is to
present the intrinsic featurss of the XP5 spectra newly obtained hoth for
valence-band regions and for various core-lines.

Another aim of the reports is to display the data of the
X-ray-induced Auger electron spectroscopy (XAES). This method has been
revealsd to be often more effective in analyzihg the surface chemical
states than the XP3, since there exist many examples that the chemical
shifts of the Auger lineg are larger than those of the corresponding
core-line photopeaks. The XAES chemical shifts so far obtailned have been
summarized in terms of the Auger parameter.w’B’é) However, the available
data of the chemical shifts are rather scarce, compared with those of the
XPs.

In this report, the XPS and XAES spectra for some 3d transitlion-metals
(Se, Ti, V, Ni) and their typical oxides are presented. Although many XPS
spectra for these metals have been published, clean surface of the metals
has been obtained mostly by Ar® ion etching. However, it must be
emphasized that the bombardment of the heavy ions may cause the lattice
distortion of the metal surface, resulting in the spectral changes of the
XPS or XAES. In the present study, therefore, the clean surfaces of the
metals were obtained mainly by mechanical filings under the ultra-high
vacuum conditions. For compariscon, the spectra for the metal surfaces

etched with the Ar’ ioms were also given.
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2. Preparation of samples

Starting materials used were 99.9 % metallic folls. The clean
surfaces of the metals were obtained by two different methods. One is a
mechanical filing in a preparation chamber under the pressure cf 1.3x1078
Pa, and another is an Ar+ ion etching. The latter method was done by
bombarding the mechanically filed wetals with 8 keV ArT iong at a current
density of 20 pa/en® for 30 min.

The oxides such as 80203, TiOz, V285 and Ni0 were prepared by
oxidizing the metallic foils at 300-400 C in an oxygen atmosphere. Before
the spectral measurements, the oxide samples were heated at 200°C in the

spectrometer chamber under the pressure of m1.3x10_7 Pa.

3. Spectral measurements

The XPS and XAES measurements were carried ocut by the use of a V.G.
ESCALAB-5 spectrometer, under the pressure of less than 1.3x10‘8 Pa. A Mg
Kq X-ray source (1253.6 V) was operated at 125 W. The spectrometer was
calibrated such that the Au 4f7/2 line appears at Eb:SA.O e¥. The FWHM
(full-width at half maximum) of the Au 4f7/2 line was 0.9 eV, and the
reproducibility of the spectrometer was within 10.1 eV. In the case of the
ingulating oxides, the originél spectra shifted to the higher
binding-energy side because of charging effect. Therefore the energy scale
was aligned to make the peak positions of the Me 2p1/2 lines for the oxides
and for the most oxidized species on the oxygen-adscrbed surfaces

coinside.

4. Results

In the tables and figures, the notations f£7 and g+ represent the
mechanical filing and the ArT ion etching, respectively. The XPS and XAES

spectra for Sc Sc and 80203 are presented in Figs. 1-18, for Ti;z, Tiet

fi’ et
and Ti02 in Figs. 19-32, for Vfi’ Vet and V205 in Figs. 33-49, and for Nifl
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2. Preparation of samples

Starting materials used were 99.9 % metallic folls. The clean
surfaces of the metals were obtained by two different methoeds. One 1s a
mechanical filing in a preparation chamber under the pressure of 1.3x10~8
Pa, and another is an Ar+ ion etching. The latter method was done by
bombarding the mechanically filed metals with 8 keV Ar" ions at a current
dengity of 20 UA/cm2 for 30 min.
Ti0,,

The oxides such as SCQO and Ni0O were prepared by

3’ 2%
oxidizing the metallic foils at 300-40000 in an oxygen atmosphere. Before
the spectral measurements, the oxide samples were neated at 200 C in the

spectrometer chamber under the pressure of m1.3x10_7 Pa.

3. Spectral measurements

The XPS and XAES measurements were carried out by the use of a V.G.
ESCALAB-5 spectrometer, under the pressure of less than T.BXWO_S Pa. A Mg
Ky X-ray source (1253.6 eV) was operated at 125 W. The spectrometer was
calibrated such that the Au 4f7/2 line appears at Eb=84.0 eV. The FWHM
(full-width at half maximum) of the Au 4f7/2 line was 0.9 eV, and the
reproducibility of the spectrometer was within +0.71 V. In the case of the
insulating oxides, the originél spectra shifted to the higher
binding-energy side because of charging effect. Therefore the energy scale
was aligned to make the peak positions of the Me 2p1/2 lines for the oxides
and for the most oxidized species on the oxygen-adsorbed surfaces

coinside.

4. Results

Tn the tables and figures, the notations f7 and gt represent the
mechanical filing and the Art ion etching, respectively. The XPS and XAES
spectra for Scfl’ Scet and 50203 are presented in Figs. 1-18, for Tifl’ Tiet
and TiO2 in Pigs. 19-32, for Vfi’ Vet and V2O5 in Figs. 33-49, and for NifZ
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2. Preparation of samples

Starting materials used were 99.9 7 umetallic foils. The clean
surfaces of the metals were obtained by two different methcds. One is a
mechanical filing in & preparation chamber under the pressure of 1.3x10‘8
Pa, and another is an Ar+ ion etching. The latter method was done by
bombarding the mechanically filed metals with 8 keV A" ions at a current
density of w20 pA/en® for 30 min.
Ti0,,

The oxides such as Sc20 and Ni0 were prepared by

3’ 2%
oxidizing the metallic foils at BOO-AOOOG in an oxygen atmosphers. Before
the spectral measurements, the oxide samples were neated at 200°C in the

7

spectrometer chamber under the pressure of n1.3x10  Pa.

3. Spectral measurements

The XPS and XAES measurements were carried out by the use of a V.G.
ESCALAB-5 spectrometer, under the pressure of less than 1.3x10_8 Pa. A Mg
Ko X-ray source (1253.6 eV) was operated at 125 W. The spectrometer was
calibrated such that the Au 4f7/2 line appears at Eb:84.0 eV. The FWHM
(full-width at half maximum) of the Au Af7/2 line was 0.9 eV, and the
reproducibility of the spectrometer was within 0.7 eV. In the case of the
insulating oxides, the originél spectra shifted to the higher
binding-energy side because of charging effect. Therefore the energy scale
was aligned to make the peak positions of the Me 2p1/2 lines for the oxides
and for the most oxidized species cn the oxygen-adsorbed surfaces

coinside.

4+ Results

In the tables and figures, the notations f7 and gt represent the
mechanical filing and the Art ion etching, respectively. The XPS and XAES
spectra for Scfl’ Scet and 50203 are presented in Figs. i-18, for Tifl’ Tiet
and Ti0, in Tigs. 19-32, for Vf?’ Vo and V505 in Figs. 33-49, and for NifZ
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, Niet and NiQ in Figs. 50-60, respectively. In these figures, the peak
positions are indicated in eV. The binding energies of the core-lines are
summarized in Tables 1-4 and the kinetic energies of the Auger lines are

listed in Tables 5-8.

REFERENCES
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3} Wagner C. D. : Faraday Discuss. Chem. Sce., 60, 291 (1975).
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Table 1 Binding energies and chemical shifts of the core-lines for

SC_]CZ, Scet and 50203¢ .-

Sample Orbital Ep (ev) Chemical Fig. No.
Shift (eV)
2s 498.5 - 2
20y, 403.6 - 3
S¢y 25/, 398.8 - 3
3s 51.3 - 4
3p 28.5 - 5
.. 2p”2 398.8 0.0 g
et
2032 403.7 0.1 g
2s 501.8 3.3 12
26y 3 407 .4 3.8 13
5c,0, 2p5,, 403.0 4.2 13
3s 54,2 2.9 14
3p 1z.4 3.9 15

Table 2 Binding energies and chemical shifts of the core-lines for

Ti

Ti and TiO0,.
f1’ “Tet <
Sample Orbital Ey {eV) Chemical Fig. No.
shift {eV)
2912 460.3 - 20
2p3,2 454 .2 . 20
i,
7 35 58.9 - 21
3p 33.0 - 22
2p 460.6 0.3 25
Ti 12
¢ 20y, 454.5 0.3 25
2612 464.7 4.4 28
2p 559.0 4.8 28
Ti0, 372
3s 62.3 3.4 29
3p 37 .4 4.4 39
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Table 3 Binding energies and chemical shifts of the core-lines for

Vi ¥y, and V05 -
Sample Orbital Ep {eV) Chemical Fig. No.
Shift (eV)

201 /2 519.8 - 34
2045 512.1 - 34

v
fi 3s 66,1 - a5
3p 37.0 - 36
v 261 /5 519.9 0.1 40

et

2p3/2 512.4 g.3 49
20, , 524.5 4.7 44
o 2p4,, 517.0 4.9 44
275 3s 70.1 2.0 45
3p 42.0 5.0 46

Table 4  Binding energies and chemical shifts of the core-lines for

N . 0.
le’ Nlet and Ni0
Sample Orbital Eb (eV) Chemical Fig. No.
Shift (eV)
. 201 2 £70.2 - 51
Nifl
205, 853.0 - 51
N 201/, 870.1 0.1 56
et
253,7 8525 0.7 56
2p 873.3 3,1 58
Ni0 1/2
203, 854 .6 1.6 58
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Table 5 Kinetic energies and chemical shifts of the Auger lines for

SC},_,Z, Scet and 80203-

Sampte Transition Ek {eV) Chemical -Fig, No,
Shift (eV)

L2,3|"*12,3I"12’3 337.¢ - 7

Scfl
L2,3M2,3V 368.9 - 8
o L2,3M2,3M2,3 337.3 -0.3 10

et
L2,3M2,3V 368.9 0.0 13
L2,3M2,3M2,3 333.0 4.0 17

SC203

361.4 7.5 18

Ly My 3V

Table 6 Kinetic energies and chemical shifts of the Auger lines for

Ti Ti and TiO2.

f1' et
Sample Transition Ek {eV) Chemical Fig. No.
Shift (eVv)
Tifl L3M2’3V 418.9 - 24
Ti,e LMy 5 419.90 0.1 27
TiOZ L3M2'3V 419.0 -0.1 .32
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Table 7  Kinetic enefgies and chemical shifts of the Auger lines for

sz, Vet and V205.
Sample Transition Ek (eV) Chemical Fig. No.
Shift (eV)
y L3M2,3M2,3 438.2 - 38
ft LM, .V
3" 3 472 .1 - 39
L3M2,3M2,3 438,40 0.2 42
et
L3M2’3V 472.1 0.0 43
v 0 L3IV'IZ’3M2’3 432.5 5.7 48
275 466.9 5.2 49

L3Mo 3My 3

Table 8. Kinetic energies and chemical shifts of the Auger lines for

Nifl’ Niet and NiO.
Sample Transition Ek (eV) Chemical Fig. No.
' "Shift {eV)

L3M2,3M2,3 708.2 - 53

Nifl L3M2’3V 774 .0 - 54

L3VV 845.7 - 55

Niet L3VV 846.0 -0.3 57

NiD L3VV 843 .1 2.6 60
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Fig. 10 L2,3M2’3M2,3 XAES spectrum of Scet
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