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Core level binding energies for the elements Hf to Bi 
(2 = 72-83) 
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Institute of Physics, Uppsala University, Box 530, S-751 21 Uppsala, Sweden 

Received 18 September 1980 

Abstract. The binding energies of all core levels in the N and 0 shells for the elements Hf to 
Bi have been measured by means of electron spectroscopy. The binding energies obtained 
are compared to previously reported values. 

High-accuracy measurements of the binding energies of most of the core levels in the 5d 
transition metals cannot be found in the literature. We have therefore recorded all core 
levels in the elements from 2 = 72 to 83 accessible with A1 Ka radiation. Special care 
has been taken to obtain clean sample surfaces and a reliable calibration procedure. 

Spectra were recorded with a Hewlett-Packard 5950A ESCA spectrometer using 
monochromatised A1 Ka radiation. Some modifications in the standard HP instru- 
mentation have been made: for instance, the power supply which defines the starting 
point of the energy scan has been replaced by a Systron Donner Model M106A power 
supply, which has a much higher accuracy. The samples were cleaned in situ using a 
micro-mill with a rotating diamond edge. In this way we were able to obtain an oxide- 
free surface in all samples except for Hf and Ta. In Ta, however, only a very weak oxide 
signal was detected (see figure 1). For the calibration a thick layer of gold was evaporated 
on the sample surface and the given binding energy values are referred to the Au 4f7,, 
level (84.00 eV). 

The obtained binding energies (taken as the peak maxima) together with available 
literature data are given in table 1. The 4f core electron spectra are shown in figure 1. 
The data for Re, Os and T1 have been published elsewhere (Berndtsson et a1 1979, 
MBrtensson et a1 1980). The values for Hg are taken from Svensson et a1 (1976). How- 
ever, except for the 4f and 5d levels, the calibration of the solid state values in that 
work might be somewhat uncertain. More accurate binding energies can be antici- 
pated if one combines energy differences from the vapour phase (Svensson et al 1976) 
with the measured 4f,,, solid phase value. We have, however, chosen to include only the 
directly measured values in table 1. 

The Hf 4s level is not included in the table since it was disturbed by the 0 1s signal 
from the oxide layer. The 5s and 5p levels in some of the elements are obscured by the 
characteristic energy loss peaks of the 4f levels and could not be detected with high 
accuracy. Figure 2 shows the 4f and 5p core electron spectra. The 4f7,, levels are used as the 
zero point of the binding energy scale. The positions of the 5p levels then form a curve, 
smoothly varying with the atomic number. We can see that the 5p,,, and 5p,,, levels cross 
the 4f levels at Re and Ir respectively. From the systematic behaviour of the 5p binding 
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energy values it is possible also to get a relatively good estimation of the positions of the 
5p levels for the elements in which these levels interfere with the 4f spectrum. The binding 
energies determined in this way are given in square brackets in table 1. 

The agreement between the present values and those from other high-precision ESCA 
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Figure I .  4f core level spectra for the elements Hf to Bi (Z = 72-83). 

measurements is generally good. In a few cases, however, there is a significant difference 
in the results. One reason for that might be that the quoted binding energy values have 
been determined from spectra which were not primarily recorded for the sake of obtaining 
accurate binding energies, and which thus might be insufficiently calibrated. 
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Figure 2.4f and 5p core electron spectra of the elements W to BI 
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