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RburnB. - Les spectres d'kmissions photoklectriques par rayon X ont Ctk obtenus pour les 
alliages amorphes Au-Ge et Ag-Ge. La position et la forme de la raie principale, associke aux 
bandes-d de 1'Au dans les spectres, sont considkrablement modifikes par l'addition du Ge, tandis 
que celle associee aux bandes-d de YAg n'est que peu modifike. Cette diffkrence entre les alliages 
Au-Ge et Ag-Ge est discutke en dktail. Dans le cas Ag-Ge le melange entre les orbitales de valence 
de type s-p du Ge avec celles de YArgent de type s-p-d est plus faible que dans le cas des alliages 
Au-Ge. 

Abstract. - X-ray photoelectron emission spectra for the amorphous Au-Ge and Ag-Ge alloys 
have been obtained. The position and shape of the main peak in the spectra associated with d-bands 
of Au appreciably change with addition of Ge, while those associated with the d-band of Ag change 
a little. This difference between Au-Ge and Ag-Ge alloys will be discussed in details. The mixing 
of the valence orbitals of s and p symmetries of Ge in Ag with the s, p and d-orbitals of surrounding 
Ag is not large compared to that of Ge in Au. 

1 .  Introduction. - For Au-Ge and Ag-Ge sys- 
tems it is impossible to make the crystalline alloys 
in a whole concentration range, though Au-Ge and 
Ag-Ge systems are completely miscible when liquid. 
However the precise measurements for the physical 
properties of these alloys in liquid state are not 
easy, since the melting temperatures are considerably 
high. 

In the previous paper [l] it has been shown that 
the amorphous Ge alloys can be easily produced by 
evaporation onto a cold substrate. The structural 
and electrical properties of amorphous Ge-Ni alloys 
in the concentration range over 30 at. % Ni show 
the behavior similar to those of liquid alloys. 

Recently Stritzer and Wiihl [2] have reported that 
the amorphous Ge-noble metal alloys obtained by 
condensation become superconductors in the range of 
concentration between 25 and 80 at. % Au, Ag and 
Cu. The superconductivity of these phases is believed 
to be due to Ge forced into a metallic liquid-like 
structure with a higher coordination number than 
that of the semiconducting diamond-type structure. 
Therefore it is interesting to study the systematic 
variation of the atomic and electronic structures of 
such amorphous alloys with concentration. 

In the present paper X-ray photoelectron emission 

studies of amorphous Au-Ge and Ag-Ge alloys 
are reported. X-ray photoelectron emission spectra 
contain the information about the position and 
shape of the d-band as well as about the position of 
core level. 

2. Experimental procedure. - Spectra were mea- 
sured on a KEC-X 200 electron spectrometer using 
the characteristic ALK,., X-ray (1.486 keV) radiation. 
The kinetic energy of photoemitted electrons was 
annalized in a hemispherical electrostatic analyzer 
and the energy selected by the spectrometer was 
varied in step of 0.1 eV. The total instrumental 
resolution including the X-ray line width is slightly 
better than 1.0 eV. 

To prepare amorphous specimens, the mixtures of 
Au and Ge, and Ag and Ge with various concentra- 
tions, rapidly quenched from their melts, were 
evaporated onto a clean stainless steel plate kept at 
room temperature from the tungsten filament in the 
sample preparation chamber. The thickness of the 
samples was approximately 500 A. 

The films were then directly transferred to the ana- 
lyzer. On recording the spectra, the vacuum of photo- 
emission chamber was maintained at lo-' mmHg. 

All runs were performed under the condition 
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which the O(1s) line had negligible intensity and the 
core levels have narrow and stable widths. Since the 
evaporation rates of the constituent atoms in alloys 
might be different, there could be some errors for 
the determinations of concentrations of the alloy 
samples. 

The Fermi energy was determined, with a thin 
layer of Au evaporated, at the position where the 
s-band is down to half its height. 

3. Experimental results and discussion. - The 
ionic structure of Au-Ge and Ag-Ge alloy films used 
for the present measurements are amorphous except 
pure Au and Ag. For pure Au and Ag specimens it is 
impossible to obtain the amorphous states by 
condensation at room temperature. 

The physical properties of amorphous Ge remarka- 
bly change by addition of the other metals, and 
become to show the similar behaviour to those in 
liquid alloys with increasing concentration of solutes, 
where the amorphous Ge alloys become metallic. 
Therefore it might be considered that the X-ray photo- 
electron emission study for the amorphous Au-Ge 
and Ag-Ge alloys gives a helpful information for 
the density of states in those liquid state in the range 
of Au and Ag rich concentrations. 

In the previous paper [3], we have reported that 
the main peaks associated with d-states of Ni and Fe 
in the density of states of amorphous Ge-Ni and Ge-Fe 
alloys show the remarkable shift to lower energies 
with respect to the Fermi level with addition of Ge 
to Ni and Fe. The valence orbitals of Ge may combine 
with the s, p and d-orbitals of surrounding Ni or 
Fe atoms to form bonding and antibonding orbi- 
tals [4] and the states of the s and p-symmetries of 
Ge in Ni or Fe may have hump near the bottom 
of the d-band of Ni or Fe to form bonding state [5]. 
As a result, the main peak associated with d-stateof 
Ni or Fe in the X-ray photoelectron emission spectra 
from amorphous Ni-Ge and Fe-Ge alloys shifts to 
lower energies with addition of Ge and this bonding 
states extend with increasing Ge content, eventually 
merge into the structure of valence orbitals of Ge. 

The position of the main peak of the d-state of Au is 
situated at the lower energies with respect to E,, 
much lower than those of Ni and Fe. Figure 1 shows 
the valence band spectra from amorphous Au-Ge 
alloys without any correction. The spectrum of the 
valence band of Au shows a narrow band as a result 
of the comparatively localized nature of the d-wave 
function. The intensity of the spectra shown in figure 1 
are normalized to the heights of the maximum peaks 
to be the same in all the spectra. The half width of 
the d-band of pure Au is approximately 5.4 eV and 
the two separated peaks are located at - 3.2 eV and 
- 6.0 eV referred to the Fermi level E,. The contri- 
bution of scattered electrons to the spectrum is very 
small and has a negligible influence on the band shape. 
The position of the peak which lies at lower energy 

E N E R G Y  ( e V )  
FIG. 1. - XPS valence band spectra for amorphous Au-Ge 

alloys. 

side does not change on alloying with Ge, while the 
position of peak at higher energy side remarkably 
shifts towards lower energies relative to E,. The 
splitting of the main peak arised from the dSband 
of Au may be attributed to a spin orbit coupling. 

Figure 2 shows the variation of the separation 
between two peaks with Ge concentration. The 
decrease of the separation between peaks with increas- 
ing Ge content may come from the mixing of the 
d-orbital in Au with the s and p-orbitals in Ge. 

Figure 3 shows the spectra from the valence band 
regions of amorphous Ag-Ge alloys. In the band 
spectrum of pure Ag the top of the d-band is approxi- 
mately at - 3.6 eV and the bottom at - 8 eV. The 
intensity maximum is located at about - 5.0 eV 
and there is also a shoulder structure around - 6.1 eV. 
The half width of the d-band is approximately 3.4 eV, 
much narrower than Au. The main peak associated 
with d-band of Ag slightly shifts towards higher 
energies with addition of Ge. The shift of the main 
peak is quite small compared to Au-Ge alloy, and 
the separation between the main peak and the position 
of the d-band does not change so much with increasing 
concentration of Ge in contrast to Au-Ge alloys. 



X-RAY PHOTOEMISSION SPECTRA FROM AMORPHOUS Au-Ge AND Ag-Ge ALLOYS C4-263 

FIG. 2. - Concentration dependence of the splitting of the 
valence band in Au-Ge alloys. 

Silice the splitting of main peak arised from the 
d-band is due to spin orbit effect, the above evidence 
means that the mixing of the d-orbital in Ag with 
the s and p-orbitals in Ge is not so large. 

Figures 4, 5 show the positions of peaks with respect 
to 15, in Ge 3d3/, core electron spectra obtained 
from Au-Ge and Ag-Ge alloys. The positions are 
almost independent of the concentration of alloys 
within an experimental error. 

Figure 6 shows the concentration dependence of 
Au 4f7/, and 4f5/, core levels with respect to E, 
in Au-Ge alloys. The change of Au 4f7/, core level 
is quite similar to that of Au 4f,/,. The positions of 
Au 4f5/, and 4f7/, core levels are found to undergo 
considerable changes with Ge concentration and the 
positions shift to lower energies with the addition of 
Ge, as in the case of Ni 2p3/, inner core level in 
Ni-Ge alloys. If the apparent var~ation of Au 4f5/, and 
4f7/, core levels with alloying is related to the change 
of E,, the Fermi level of Au-Ge alloys shifts to higher 
energies with addition of Ge to Au and 3d3,, core 
level of Ge in Au-Ge alloys is converted to be shifted to 
lower energies by the same amount corresponding 
to a highering of the Fermi level. Therefore it may be 
suggested that there is a small amount of charge 
transfer from Ge atom sites to Au atom sites to 
form the bonding between Ge and Au. On the other 
hand the variations of Ag 3d3/, and Ag 3d5/, core 
levels with concentration in amorphous Ag-Ge 
alloys are not observed within an experimental 
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FIG. 3. - XPS valence band spectra for amorphous Ag-Ge 

alloys. 
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FIG. 4. - Position of Ge 3d3/2 core electron level with respect 

to EP in amorphous Au-Ge alloys. 

error as shown in figure 7. This may suggest that 
there is little sharing of electrons between Ge and 
Ag sites. 
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FIG. 5. - Position of Ge 3d3/2 core electron level with respect 
to Er in amorphous Ag-Ge alloys. 
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FIG. 6. - Changes of the positions of Au 4f7/2 and Au 4f5,2 
levels with respect to En in Au-Ge alloys. 

Since the spectral intensity from Ge is weak 
compared to that from the d-state of Au or Ag 
sites, it is difficult to examine the variation of the 
band structure of Ge with addition of Au or Ag. It is 
interesting to note that the peak near Ef arised from 
p-like bonding orbital in Ge moves to higher energies 
with addition of Au or Ag. Figure 8 shows the shifts 
of the p-like peaks with increasing concentration of 
Au and Ag, where the locations of the p-like peaks 

FIG. 7. - Changes of the positions of Ag 3d3/2 and Ag 3ds12 
levels with respect to EI in Ag-Ge alloys. 
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FIG. 8. - The shift of the position of the p-like peak of Ge 
referred to Ef with Au or Ag content. 

were determined by resolving the valence band 
structure into the p-like peaks of Ge and the d-band 
of Au or Ag. The above analysis might be reasonable 
especially for Ag-Ge alloys since the shape and top 
of the d-band is essentially unchanged on alloying, 
though the band spectra probably may contain much 
unresolved structure. 
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