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X-ray anduced photocmission stocdies (XPS) of the bulk oxides of
the hoavy rare-carth, elements wore made using a Vacuvm Generator’s
ESCA 3 instrument equipped with a X-Y plotter and Mg K, and
Al K, radiation sources  Charging ctfects on the core-lovel binding
morgies of Th,0,, Dy,0,, Ho,0y, Fry0,, Tw, 0y, YH,0, and Lar,0,
we determmed 1t is found that the chargmg of the somple is
dependent on the sample thickness and also on the radiation sovree
sed to probe the sample. The oharging of tho samples 11 estimadod
with respect to 4f,. peak for clean gold metal at 83-7 ¢V. Tho
axygen 18 and carbon 1.8 peaks were also momtored  These resnlts
on bulk oxides are compared with the suluce oxidos reported by the
authors elsowhero

1 INTRODUCTION

X-ruy induced photoelectron spectroscopy is a powerful tool for studymg tne
binding energics in rolids (Siegbahn ¢ al 1967). Tor non-conductmg gohids, a
Lknowledge of chargmg cffects is necessary for obtaming accwrato values of bmdmg
energics (Johansson et al 1973)  Recontly, we reported the coro-clectron hinding
onargios for the lanthanides (Lang ef al 1974, 1975, Padalia of al (1976, 1977)) 1n
this paper, we presont tho 1esults of our measvrements of the charging ceffects
on the resquioxides of terbnon to lutetivm

2 EXPERIMENTAL

Photoemission speetra of the heavy rare carth oxidos were moasured using
a Vacvum Generators ESCA 3 machme oquupped with AIK, and MgK, radia-
tions as exciting sources. Spectroscopically pure oxide powders supphed by
Johnson-Mattheys Ltd ; England were movunted onto the sample-probe using
double-sided scotch-tape. The maguitude of charging was catimated hy inhedd-
ing a picee of gold wire in the powder and recordmg the gold 4f peaks by X-¥
plotter  Details of the exporimontal method and the cquipment used in this
work wore doscribed in our previous communications (Lang et «l1975a, 1975h,
Padalia ef al (1976, 1977)
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3. REsULTB AND DIscussioN

Examples of the 4d photoemission spectra of the resquioxides of lutetium,
ytterbium and holmium arc shown in figures 1-8. The binding energies expressed
in ¢V are referred to the measured Fermi level for the corresponding pure metals.
The N, (4f,,) peak for gold imhedded in torhium oxide powder together with
carbon and oxygon ls signals are presented in figure 4 Photoomission spectra
of a blank sellotape and the N, peak for a piece of gold fixed on this sellotape
are given in figuro 6. Spectra recorded using AIK, and MgK, radiations are
labellod with the alphabets @ and b, respeetively. Charging of the samples are
ostimated with respect to the 4f;, peak for clean gold at 83-7 ¢V. The values
of the charging for the heavy rare-earth oxides are given in table 1.

Table 1  Charging of the samples estimatod with respect to 4f;, peak
for clean gold metal at 83-7 eV

Samples a b
(oV) (eV)
Lu,0, 2-0 2:0
Yb,04 2-1 19
Tmz0, 2-8 2-0
Er,04 21 1-6
Ho,0, 2.8 11
Dy,04 36 16
Th,O0, 31 19
Sellotape (blank) 09 10

a—AIK, radiation b—MgK, radiation.

A serutiny of the data given in table 1, reveals that the magnitudes of
charging, in general arc higher for AIK, than those obtained for MgK,. This
indicatoes a diroet depondence of charging on the penctration power of the radia-
tion used to probe the sample. Tt is, lowover not clear why the charging for
MgK, should be more compared to AIK, in the case of blank sellotape. Tho
measured eloctron energies for the oxides (figures 1-3) when corrocted for the
charging effocts (table 1), give the actual value of the binding energies. As an
e¢xamplo, take the case of lutetium oxide (figure 1). The corrocted values of the
binding enorgics for 4d;,, and 4dy,, aro 196-7 eV and 206-4 eV, respectively. The
estimatod error m the moasurement of these cnergies is found to be +0-4 eV.
The 44 spectra of the remaining heavy rare earth oxides (figures 2 and 8) are
complex because those oxhibit multiplet structure (Lang et al 1975).
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Tn our earlier work, it was roported that the evaporated surface oxides of
rare earths show no indication of the charging cffeots (Padalia ef al (in pross)).
It is interesting to note that the binding onergies of the 4d, and 4d,, reportod
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TFig. 2. 4d Photoorission Apectrum of ytterbium oxide (Yby03).

for the surface oxide of lutetium are in closo agrecment with those determined
for the bulk oxide of lutetium after applying correotions due to charging.
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The offect of flm thickness on charging were dotocted by us previously for
the ovaporated bulk oxide of rare carths, Theso samples were prepared hy
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Wig 3 1d Pholoemission speetrum of holmium oxide (Ho20;)
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Fig. 4. Carbon and oxygen 1s peaks for terbium oxido (Thy0,). Ny(4fz2) poek for gold
mmbeddoed m Th,0,. Curvos labolled with @ and b corresponding to AIK, and Mgl
sourcos, respectively.
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ovaporating the motal in the presence of oxygou insido @ samplo prepuration
chambor maintained at a pressure of 10 4 o of He 1t was found that the
magnitude of charging increasox with moreasmg thickness of the oxido film.
In the present case of hulk oxides which woere mounted on sellotapo, 1t s diffi-
oult to mvestigate quantitatively the dependonce of clmging on the saple
thickness. Howover, tho rocorded. spoctra indicato chunges - {he magitedo
of chargmg with ¢hauge in the thickness of the sample, using the same r:l.lli.xtion
as oxeiting gourcoe
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Fig. 5 Carbon and oxygoen le signals for blunk eellotape. N, peak for a prece of gold fixed
on tho sollotape  The curves Jabolled with ¢ anil b correspoudmyg to ALK, wnd
MgK, sources, respoclively

The chargmg cffect 15 also dsplayed by the photoenussion spootia of the
oxygen and carbon prosent m the samples  Simeco carbon and osygen speetra
exhibit the presence of dufforont spocies, those canmot be taken as standurds fo
calibration Tus fact has also boon realized by others m rocent yoars. Tho
gold N, peak at 83-7 ¢V hinding cnergy, however continues 1o be a reliable stan-
dard for culibration This fact is finther supported by tho prosent results.

4. CoNCLUSIONS

The measurod bmdmng energies for the non-conducting materials must bo
corrected for the charging offects. The charging of the samplo 13 dopendent on
the radiation sourco wsed to probe tho sample and alo on the sample thickness
The N, peak at hding cnergy 83-7 eV is rocommended us a standard for cali-
bration.
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