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Abstract
As40Se60 nanolayers, as-deposited, annealed and in situ illuminated by green (532 nm) laser light, were studied using synchro-
tron radiation photoelectron spectroscopy. Changes in composition and local atomic coordination occurring in the irradiated 
region of  As40Se60 films were monitored by analysis of As 3d and Se 3d core levels. It was found that the thermal treatment 
causes a decrease of the concentration of homopolar (As–As and Se–Se) bonds. On the other hand, an increasing concentra-
tion of both As-rich and Se-rich structural units (s.u.) with homopolar As–As and Se–Se bonds was observed under in situ 
green laser illumination of  As40Se60 nanolayers. This process appeared to be reversible for a few sequences of annealing and 
illuminating of the sample. After a few cycles storing at ambient conditions the  As40Se60 film composition was gradually 
changing, i.e. the aging effect was detected due to a drastic loss of As under ambient conditions. The surface local structure 
of the  As40Se60 nanolayers and their photoinduced transformation are discussed in detail.

Keywords As–Se nanolayers · Photoinduced changes · Synchrotron radiation photoelectron spectroscopy · Core level · 
Valence band · Chalcogenide thin films

Introduction

Amorphous chalcogenides have been of great interest due 
to their remarkable structural, electronic and optical proper-
ties (Kolobov and Tominaga 2003; Zakery and Eliiott 2007; 

Stronski 1998). Many properties of chalcogenide glasses 
were found to be sensitive to near-bandgap light. Photons 
may influence optical, electrical, chemical, volume or 
mechanical properties of glasses (Tanaka 1990; Shimakawa 
et al. 1995). These changes can be transient, metastable or 
permanent. Based on these phenomena, i.e. light-sensitive 
properties of chalcogenide glasses and especially their amor-
phous thin films, numerous applications have been devised 
(Eisenberg et al. 1995; Kim et al. 1995; Stronski and Vlcek 
2000; Sanghera and Aggarwal 1997). Of special interest 
among these is the development of high-quality optical 
elements for all optical signal processing systems. High-
level integration of such elements into optical microdevices 
requires improved fabrication technology facilitating low 
optical losses at the near-surface layers and high damage 
threshold for femtosecond laser pulses. Consequently, the 
control over both structure and composition of light-sensi-
tive materials is of utmost importance for rational design of 
future nanoelectronics and nanophotonics.

Arsenic selenide glasses are among the most important 
glassy chalcogenide materials. Different  AsxSe100−x com-
positions exhibit distinctive opto-mechanical properties 
(Krecmer et al. 1997). For example, it was previously found 
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that  As50Se50 exhibits high light sensitivity during photo-
structural transformations due to the presence of homopo-
lar As–As bonds (Lyubin 1987; Pfeiffer et al. 1991). It is 
reasonable to expect the behavior to be modified for other 
 AsxSe100−x compositions with respect to their optical band 
gap and concentration of the homopolar As–As bonds.

Here, we focus on  As40Se60, where the deficiency of As 
with respect to  As50Se50 leads to a decrease of the opti-
cal band gap (from 1.95 to 1.90 eV for bulk  As50Se50 and 
 As40Se60, respectively) (Hammam et al. 1985). Stoichio-
metric  As40Se60 also has the interesting feature of having a 
composition exactly at the floppy-to-rigid transition (Phillips 
1981). We examine structural changes of in situ fabricated 
 As40Se60 nanolayers during thermal annealing and illumina-
tion by monochromatic coherent light with near-bandgap 
energy via photoelectron spectroscopy. The influence of the 
exposure to ambient conditions, pertinent to real-life appli-
cations, on the structural stability was also studied.

Experimental details

High optical quality glass was used as source material for 
in situ deposition to avoid any contamination (carbon, oxy-
gen, etc.). The bulk  As40Se60 samples were obtained by 
the conventional melt-quenching route in evacuated quartz 
ampoules from a mixture of high purity 99.999% As and Se 
precursors (Kondrat et al. 2012a). The arsenic triselenide 
nanolayers were prepared in situ by ordinary thermal evapo-
ration of bulk glass powder from a ceramic crucible at a 
temperature of 220 °C and deposition onto silicon substrates 
directly in the preparation chamber of the Materials Science 
Beamline (MSB, Elettra synchrotron) using standard avail-
able equipment, similarly to the As–S films in Kondrat et al. 
(2015a). After deposition the samples were transferred to 
the analyzer chamber in the ultra-high vacuum (UHV) (i.e. 
without contact with air). Thermal annealing of the prepared 
films was performed at a temperature of Tan ~ 100 °C for 
0.5 h in the analyzer chamber. This temperature was chosen 
on the basis of preliminary investigations. It was found that 
further increasing of annealing temperature leads to changes 
of the shape and intensity of the As 3d peak, indicating the 
structure of the film was damaged. A green diode laser oper-
ating at 532 nm wavelength (corresponding to photon energy 
of ~ 2.33 eV) was used to investigate the influence of over-
bandgap irradiation on the structure of  As40Se60 (bandgap 
Eg ~ 1.85 eV) nanolayers. Laser intensity and exposure time 
were chosen based on our previous investigations of As–Se 
glasses by means of Raman spectroscopy. The light source 
was outside the vacuum chamber and the maximum intensity 
of laser light was 55 mW/cm2. The fused silica window of 
the chamber had a transmission for the laser light of about 
0.92. The optical irradiation was carried out with 50 mW/

cm2 intensity on the sample and 0.5 h exposure time in situ, 
in the UHV system at room temperature, right after the film 
deposition, i.e. there was no contact of the sample with air. 
When several thermal and light illumination treatments were 
applied to the samples, they were performed with the same 
conditions.

Photoemission spectroscopy measurements of As 3d 
and Se 3d core levels were carried out with primary photon 
energy of 160 eV in normal emission geometry (Briggs and 
Seah 1993). In addition, 650 eV primary photon energy was 
used for compositional analysis and depth profiling of the 
nanolayers. Photoemission spectra were recorded using the 
PHOIBOS 150 multi-channel hemispherical analyzer with 
energy step of 0.05 eV and pass energy of 2 eV. The As 3d 
and Se 3d core level spectra of  As40Se60 films were meas-
ured with total (photon beam + analyser + natural line width, 
measured as the width of the Fermi edge) energy resolution 
of 0.35 eV. Elettra operates in top-up mode, providing a 
very stable flux, so normalization to ring current was not 
necessary. The As 3d and Se 3d spectra were fitted using 
Voigt functions with a Shirley-type background to yield peak 
position and intensity. The quantitative analysis based on 
the acquired intensities was carried out with respect to the 
photon flux and atomic photoionization cross-section (Yeh 
1993). The fitting procedure is described in detail in Kondrat 
et al. (2012b). In addition to core level spectra, valence band 
(VB) spectra of as-deposited and treated  As40Se60 nanolayers 
were measured with primary photon energy of 30 eV.

Apart from this, XPS spectra of as-deposited and aged 
(exposure to ambient conditions for 1 week and 1 year) 
 As40Se60 films were measured at the surface physics labora-
tory (SPL, Charles University, Prague, Czech Republic) and 
materials science laboratory (Institute for Nuclear Research, 
Debrecen, Hungary). An X-ray source with Al  Kα anode 
(excitation energy of 1486.6 eV) in combination with PHOI-
BOS 150 multi-channel hemispherical analyzer were used 
for acquisition of As 3d, Se 3d, C1s and O 1s core levels in 
normal emission geometry.

Results and discussion

Stoichiometry and component analysis of  As40Se60 
nanolayers

Survey synchrotron radiation excited photoelectron spec-
troscopy (SRPES) scans of the samples (not shown) indi-
cated the presence of silicon (very low intensity), arsenic 
and selenium only. The Se 3d and As 3d core level spectra 
of as-deposited, annealed and illuminated  As40Se60 nanolay-
ers together with the results of curve fitting are shown in 
Fig. 1. The Se 3d core level (Fig. 1a) was decomposed into 
two doublets with 3d5/2 spin–orbit splitting components at 



Applied Nanoscience 

1 3

binding energy (BE) of ~ 54.8 eV (peak 1) and ~ 55.2 eV 
(peak 2). According to our calculations (Kondrat et  al. 
2015b) and previously published experimental data for the 
 As2Se3 crystal (Choi et al. 2007; Petkov et al. 1994), peak 1 
originates from the presence of the stoichiometric Se–As2 
s.u. on the surface of  As40Se60 nanolayers. DFT calculations 
showed that substitution of As by Se leads to an energy shift 
of the Se 3d core level to 55.3 eV for a Se–SeAs s.u. and to 
55.7 eV for a Se–Se2 s.u. Thus, peak 2 indicates the presence 
of Se–SeAs s.u. in the structure of the nanolayers.

The As 3d core level spectra (Fig. 1d) of the as-deposited, 
annealed and illuminated  As40Se60 nanolayers, were fitted 
using three components. These were assigned to arsenic 
bonded to three selenium atoms (As–Se3 s.u., ~ 42.9 eV, peak 
1), arsenic bonded to two selenium and one arsenic atom 
(As–Se2As s.u., ~ 42.4 eV, peak 2) and arsenic bonded to one 
selenium and two arsenic atoms (As–SeAs2 s.u., ~ 42.0 eV, 
peak 3). The energies of peaks 2 and 1 are in good agree-
ment with values reported for materials with corresponding 

arsenic chemical coordination: realgar-type  As4Se4, and 
 As2Se3, respectively (Wanger et al. 1979; Sarode et al. 1979; 
Ueno 1983). The calculated molecular orbital energy of the 
As 3d core level components for structural units, where Se 
was substituted by As in  AsSe3 pyramids (i.e. As–Se2As 
and As–Se3), is in general agreement with the experimental 
data (Kondrat et al. 2015b). We, therefore, assign the peak 
at ~ 42.0 eV (peak 3) to the As–SeAs2 s.u.

The results of As 3d and Se 3d core level fitting of the 
SRPES spectra are summarized in Table 1. As can be seen, 
the shapes of peak components are different while their BEs 
are nearly the same and correlate well with published DFT 
calculations and experimental data (Kondrat et al. 2015b; 
Wanger et al. 1979; Sarode et al. 1979; Ueno 1983; Briggs 
and Seah 1993; Ueno and Odajima 1981; Bahl et al. 1976).

The As and Se atomic concentration, As–Se ratio, and 
percentages of the Se 3d and As 3d peak components relative 
to the total intensity of the corresponding core level spectra 
of the  As40Se60 nanolayers at each step of investigation are 
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Fig. 1  Se 3d (a) and As 3d (d) core level spectra of  As40Se60 nanolay-
ers: as-deposited (black lines), 1st annealed (red lines), 1st illumi-
nated (green lines), 2nd annealed (pink triangles), and 2nd illumi-
nated (dark green squares), together with results of typical curve 
fitting. 1 and 1′ denote 3d5/2 and 3d3/2 components of Se–As2 s.u. 
of the Se 3d spectrum (a) and As–Se3 s.u. of As 3d spectrum (d), 
respectively. 2 and 2′ denote 3d5/2 and 3d3/2 components of Se–SeAs 
s.u. of the Se 3d spectrum (a) and As–Se2As s.u. of As 3d spec-

trum (d), respectively. 3 and 3′ denote 3d5/2 and 3d3/2 components of 
As–SeAs2 s.u. of the As 3d spectrum (d), respectively. Lower pan-
els demonstrate the changes of the contributions of Se 3d5/2 and As 
3d5/2 peak components after the each step of treatment (as-depos-
ited → annealed → illuminated → annealed → illuminated): Se–As2 
(b), Se–SeAs (c), As–Se3 (e), As–Se2As (f) and As–SeAs2 (g). For 
better understanding position of each component are separated in 
space with the step of 1.6
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calculated and listed in Table 2. As can be seen, the As/Se 
ratio of the as-deposited  As40Se60 nanolayers is very close to 
that in bulk glass. The first thermal annealing of the sample 
at Tan ~ 100 °C for 0.5 h in UHV leads to a 2% decrease of 
the arsenic content, which is then partially restored (increase 
of 1.3%) during in situ illumination of the sample by green 
laser. The same trend is kept during the second cycle, with 
a 2% decrease during the thermal treatment and a 1.2% 
increase during the in situ illumination. The As depletion 
and enrichment is connected with structural changes that 
occur in the sample surface during the in situ cycles of ther-
mal treatment and laser illumination and can be elaborated 
upon through a detailed component analysis.

The main component of the Se 3d peak of as-deposited 
 As40Se60 nanolayers is the Se–As2 s.u., with a significant 
(~ 21%) contribution of the Se–SeAs s.u. (see Table 2). Such 
substantial content of homopolar Se–Se bonds in a nomi-
nally stoichiometric  As40Se60 is balanced by a corresponding 
quantity of the As–As bonds (As–Se2As and As–SeAs2 s.u.) 
detected in As 3d core levels of as-deposited film apart from 
the As–Se3 s.u. (Table 2). The presence of the homopolar 
bonds was described in our previous publications for the 
films of As–Se system (Kondrat et al. 2017b), for exam-
ple) and for the  As2S3 films (Kondrat et al. 2017a), being 
isostructural with the  As40Se60 composition. Specifically, 
thermal evaporation of the glass source material can lead to 

fragmentation, and consequently to deposition of clusters 
containing homopolar bonds. Such fragmentation has been 
previously observed in a mass spectrometry study (Mott 
and Davis 1979) of the As–S system, where the presence of 
 S2 and different AsS particles was revealed. We expect the 
same processes to play a role in the generation of homopolar 
bonds during deposition of the  As40Se60 nanolayers.

Thermal annealing causes ordering of the structure, i.e. 
a significant decrease in the homopolar bonds. This can be 
rationalized as thermally induced formation of pyramidal 
structural units from constituents of the homopolar bonds. 
On the other hand, in situ illumination of  As40Se60 nanolay-
ers by green laser light partially restores the homopolar 
Se–Se and As–As bonds (Fig. 1; Table 2). Similar As–As 
bonds formation was observed in  As2S3 film during in situ 
over-bandgap laser illumination (Kondrat et al. 2015a). 
As discussed there, the energy transfer from the excited 
electrons to the atoms plays a crucial role in photostruc-
tural transformations. It causes bond breaking and/or bond 
switching and glass network transformations accompanied 
by atomic movement. Such mechanism can also account for 
the additional homopolar As–As bond formation and the 
induced topological disorder. Specifically, over-bandgap 
laser illumination causes As-enrichment of the nanolay-
ers’ surface due to the transformation of the glass network 
by atomic movement of As from deeper layers toward the 

Table 1  Binding energies (BE, 
± 0.1 eV) and full width at half 
maximum (FWHM) (± 0.05 eV) 
data of individual components 
determined from curve fitting of 
Se 3d and As 3d SRPES spectra 
of as-deposited, annealed 
and illuminated by green 
(λ = 532 nm) laser  As40Se60 
nanolayers

Core level/component As-deposited 1st annealed 1st illuminated 2nd annealed 2nd illuminated

BE FWHM BE FWHM BE FWHM BE FWHM BE FWHM

Se 3d
 Se–As2 54.8 0.7 54.7 0.7 54.7 0.7 54.7 0.7 54.7 0.7
 Se–SeAs 55.2 0.7 55.3 0.6 55.2 0.6 55.3 0.6 55.2 0.7

As 3d
 As–Se3 42.9 0.6 42.9 0.6 42.8 0.6 42.9 0.6 42.8 0.6
 As–Se2As 42.4 0.6 42.4 0.5 42.4 0.5 42.4 0.4 42.4 0.5
 As–SeAs2 42.0 0.7 42.0 0.7 42.0 0.7 42.0 0.6 42.0 0.7

Table 2  Atomic concentrations, 
As/Se ratio (the values of As/
Se ratio for the bulk glasses 
are given in parentheses for 
comparison), and contribution 
(area, ± 5%) to the core level 
of each doublet of individual 
components determined from 
curve fitting of Se 3d and As 3d 
SRPES spectra of the  As40Se60 
nanolayers

Element/core 
level/component

As-deposited 1st annealed 1st illuminated 2nd annealed 2nd illuminated

As, % 39.6 37.4 38.7 36.5 37.8
Se, % 60.4 62.6 61.3 63.5 62.2
As/Se 0.66 (0.67) 0.60 0.63 0.57 0.61
Se 3d
 Se–As2, % 78.9 95.4 93.2 96.1 91.0
 Se–SeAs, % 21.1 4.6 6.8 3.9 9.0

As 3d
 As–Se3, % 62.7 83.9 80.6 86.6 81.8
 As–Se2As, % 31.8 11.2 13.3 9.1 12.4
 As–SeAs2, % 5.5 4.9 6.1 4.3 5.8
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surface (Kondrat et al. 2017a). Further in situ annealing and 
illumination repeat the processes of glass network transfor-
mations (i.e. decreasing and increasing of Se–Se and As–As 
homopolar bonds, respectively).

It should be noted that Kovalskiy et al. have obtained 
interesting results described in Kovalskiy et al. (2017). 
These authors investigated the influence of UV-irradiation in 
air and argon atmosphere on the structure of arsenic sulfide 
films, isostructural to the As–Se system. These authors 
noticed that  As40S60 thin film irradiation by non-polarized 
LED light with wavelength 525 nm decreases the number 
of both S–S and As–As homopolar bonds in the structure of 
films, but using light source with wavelength 375 nm leads 
to complete disappearance of the s.u. with As–As bonds 
and significant increase of the s.u. with S–S homopolar 
bonds. The S/As ratio increases too. A similar decrease of 
homopolar bonds in the structure of  As40S60 thin films under 
near-bandgap light illumination in ambient conditions were 
described in Kondrat et al. (2017a). However, the in situ 
experiment (Kondrat et al. 2015a) demonstrated a decrease 
of the S–S bonds and increase of As–As bonds in the struc-
ture of the  As40S60 thin film under the blue (405 nm) laser 
illumination. Moreover, illumination of thermally depos-
ited  As40Se60 thin film by near-bandgap laser light in air 
leads to formation additional Se–Se bonds and a significant 
decrease of As–As bonds (Kondrat et al. 2012b) which is 
contradictory to the present results. All these facts allow us 
to conclude that the carbon–oxygen layer(s) on the surface of 
films, adsorbed during contact with the air, affects the photo-
stimulated processes on the near-surface layers of films.

The shape of the As 3d core levels after the 1st and 2nd 
annealing is almost identical (see Fig. 1), as are the As 3d 
spectra of the illuminated samples. We conclude that the 
process of in situ formation and breaking of the homopolar 
bonds in the structure of the  As40Se60 nanolayers by anneal-
ing and over-bandgap laser illumination is cyclic, and struc-
tural changes are reversible. This phenomenon can be used 
for the in situ control of the structure and, consequently, the 
properties of the  As40Se60 nanolayers. We highlight this as 
an important feature for practical applications in modern 
nanoelectronics, all optical signal processing, etc.

Valence band spectra of As–Se nanolayers

In addition to core level measurements, synchrotron radia-
tion excited valence band spectra of  As40Se60 nanolayers 
were also acquired, and are shown in Fig. 2.

The overall shape of the spectra is similar and correlates 
well with our previous results (Kondrat et al. 2015a, b). Only 
the valence band spectrum of the as-deposited  As40Se60 
nanolayers differs from the others, exhibiting a valley 
at ~ 5 eV. This distinction can be straightforwardly ration-
alized by the above-discussed variations observed of the 

corresponding core levels. Kovalskiy et al. (2008) pointed 
out that the top of the VB of  As35S65 amorphous thin films 
(isostructural to the As–Se system) is formed by lone-pair 
3p electrons of sulfur, and the next part of the VB is formed 
by As 4p and S 3p (bonding electrons). Our previous DFT 
calculations (Kondrat et al. 2015b) have established that the 
top of the valence band (6–7 eV) of amorphous As–Se sys-
tem is formed by Se-centered s.u. (Se–Se2, Se–SeAs, and 
Se–As2), whereas the region of ~ 4–5 eV is affected mainly 
by As-centered s.u. The maximum at ~ 4 eV thus indicates 
enrichment of the structure by As–As bonds, while the peak 
at ~ 6 eV points to additional Se–Se bonds. The VB spectra 
confirm the excess of s.u. with homopolar bonds found in As 
3d and Se 3d core levels of as-deposited nanolayers. Further 
treatments stabilize the structure of the nanolayers.

Aging effect

For the practical applications of the nanolayers formed by 
As and Se atoms (Shchurova et al. 2006), it is necessary to 
know the stability of the material at ambient conditions. For 
this reason, the aging of  As40Se60 nanolayers was studied. It 
should be noted that the experiments were carried out with 
a conventional XPS source and with a lower, but still suf-
ficient, resolution. The  As40Se60 nanolayers were deposited 
onto silicon substrates and annealed in situ. Then the As 
3d, Se 3d, C 1s and O 1s core level spectra of the annealed 
samples were acquired. Next, the sample was removed from 
the UHV chamber and was stored at ambient conditions. 
The measurements were repeated after 1 week and 1 year of 
storage. Results are shown in Fig. 3. Regarding the C 1s core 
level, only the C–C and C–O components were detected for 
films aged for 1 week and 1 year (data not shown).
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Fig. 2  Valence band spectra of the  As40Se60 nanolayers: as-deposited 
(1, black line), 1st annealed (2, red line), 1st illuminated (3, green 
line), 2nd annealed (4, pink dots), and 2nd illuminated (5, dark green 
dots)
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The Se 3d core level of  As40Se60 nanolayers annealed in 
UHV is centered at 54.7 eV, which is indicative of the domi-
nance of stoichiometric Se–As2 s.u. The corresponding As 
3d core level spectrum is centered at 42.6 eV. This binding 
energy can be explained by overlapping As–Se3 (~ 42.9 eV), 
As–Se2As (~ 42.4 eV) and As–SeAs2 (~ 42.0 eV) structural 
units. These results correlate well with the SRPES measure-
ments described in previous sections. As expected, oxygen 
(Fig. 3b, curve 1) and carbon (not shown here) were almost 
undetectable in the as-prepared nanolayers. After aging 
the nanolayers for 1 week at ambient conditions the Se 3d 
core level noticeably shifts towards higher binding energy 
(Fig. 3a, curve 2). The shift can be explained by develop-
ment of the Se–Se s.u., which is corroborated by a signifi-
cant decrease of As 3d core level intensity, i.e. the quantity 
of arsenic in the structure decreased. Apart from this, a 
shoulder appeared at 45.5 eV and it indicates the presence 
of arsenic oxide (Wanger et al. 1979). It correlates with the 
appearance of the peak at 532.4 eV in O 1s core level spectra 
(Fig. 3b, Wanger et al. 1979; King et al. 1990). This pro-
cess continued during further exposure to air for 1 year. The 
As 3d peak almost disappears, but the shoulder at 45.5 eV 
increases in intensity (Fig. 3a, curve 3), i.e. the amount of 
arsenic oxide increases in the structure of the  As40Se60 thin 
film. Due to the deficit of As, the Se–As bonds were broken, 
and selenium reverted to Se–Se homopolar bonds, as under-
stood from the Se 3d peak position at 55.5 eV (Wanger et al. 
1979). Similar drastic loss of As on the surface of the two 
As-rich  As40Se60 and  As50Se50 compositions was detected 
in our previous investigations (Kondrat et al. 2012a, b) and 
explained by the presence of homopolar As–As bonds in the 
structure of As–Se films. These weak As–As bonds in the 
surface region can easily break under the influence of ambi-
ent conditions, i.e. oxidation, etc. The oxidation of As leads 

to formation of  As2O3 at the surface, and the desorption of 
volatile arsenic oxides from the top layers of the structure 
(Janai et al. 1978) can explain the drastic loss of As content. 
In parallel, diffusion takes place as well, and leads to pen-
etration of some As–O species into the structure (Kondrat 
et al. 2012b). Due to this some quantity of arsenic oxide is 
detected.

Based on these results, we conclude that a protecting layer 
that prevents the loss of As from the structure is required for 
a practical use of the material.

Conclusions

As40Se60 nanolayers were studied in situ by synchrotron 
radiation photoelectron spectroscopy. Structural properties 
of  As40Se60 nanolayers were examined during different types 
of treatments: the as-deposited samples were annealed and 
illuminated by green laser light. Calculated As/S ratio and 
atomic concentrations obtained from photoelectron spectra 
show that the stoichiometry of the as-deposited samples 
is very close to that of the bulk glass, but the nanolayers 
contain some homopolar As–As and Se–Se bonds. Thermal 
annealing of  As40Se60 nanolayers leads to ordering of the 
structure, i.e. to a decrease of the concentration of homopo-
lar bonds and to the formation of stoichiometric Se–As2 
and As–Se3 s.u. In situ over-bandgap illumination stimu-
lates diffusion processes in  As40Se60 nanolayers. This leads 
to the formation of new s.u. with Se–Se and As–As bonds. 
Processes of structural ordering and homopolar bond for-
mation are found to be reversible. Thermal annealing and 
over-bandgap laser illumination can be used to control the 
chemical structure and properties of  As40Se60 nanolayers. 
Valence band spectra were found to be very similar for all 
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samples and were not as sensitive to the induced structural 
changes as core level spectra. Investigation of the influence 
of ambient conditions on the structure and properties of 
 As40Se60 nanolayers showed drastic loss of As content due 
to formation and desorption of As–O s.u. For a practical 
use, the surface of the As–Se films should be protected by 
a buffer layer.
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