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AsySegg, As,pSegy and AsgySey, films were studied by Raman spectroscopy in order to
examine the local- and medium-range order of the structure. In addition, X-ray photoelec-
tron, Raman and surface enhanced Raman spectroscopy were used to characterize the
structural peculiarities at the top surface of As—Se nanolayers. Raman investigations
reveal the dominance of the As,Se; and As,Se, molecules in the volume of the As,;Seg,
and AsgSeg, films and significant contribution of Se in the structure of the As,;Segq,
film. The composition and local structure of the surfaces were determined by curve fitting
of the experimental X-ray photoelectron As 3d and Se 3d core level spectra. A significant
Se-enrichment was found at the near-surface layers in comparison with the composition of
deeper layers which is confirmed by the dominance of As—3Se structural units in all
compositions. This enrichment was also observed by surface enhanced Raman spectroscopy.
Processes of arsenic oxidation and desorption of the oxidized products are impacting the
structure of the surface layers of As,ySeg,, As,ySegy and AsgSeg, films.

Keywords: chalcogenide glass, amorphous film, As—Se nanolayers, X-ray photoelectron
spectra, surface enhanced Raman spectra, structural units.

Ilnenrxn As,;Segy, AS,Segy 1 AS5S€5, HCCIeZOBAHEI ¢ IOMOINBIO CIIEKTPOCKOINU KOM-
OUHALIMOHHOTO PACCEAHUS C IeJbI0 U3YyUeHUs CTPYKTYPLI OJIMMKHEro U cpefHero IMOopsAaKa.
Kpome Toro, peHTreHoBCKasa (POTORIEKTPOHHAS CIEKTPOCKONUA M MOBEPXHOCTHO YCHJIEHHAS
CIIEKTPOCKONNA KOMOMHAIIMOHHOTO PACCEeAHUs CBETA UCIOJAbL30OBAHLI AJIs XapaKTepusalluu
CTPYKTYPHBIX OCOOCHHOCTEH INIPHUIIOBEPXHOCTHBIX HaHociaoeB As—Se. Hcciemosamme Paman-
CIIEKTPOB ITOKABEIBAET JOMHHUPOBaHKe MoJeKya As,Se; u As,Se, B obbeme miaenok As,,Seg,
u Asy,S€;, U BHAUNTENLHBEIH BKIaJ S€ B CTPYKTYPY IeHKUN AS,;Seg,. CocTae u noranbHas
CTPYKTYpPa IIOBEPXHOCTH ONpeJe/leHbl ¢ IOMOIbI0 AallPOKCUMAIIMK DKCIePUMEeHTATbLHEIX
CIIEKTPOB OCHOBHEIX ypoBHell As 3d u Se 8d. IlokaszaHo, YTO MMeeT MECTO CYILeCTBEHHOe
cejleH000oTalI[eHIe TTIOBEPXHOCTU 110 CPABHEHUIO C COCTABOM TIIYOOKHX CJI0EB, UTO IMOATBEpPHK-
JaeTca IpeobaagaHmeM CTPYKTYypHBEIX engmeHNI As—3Se Bo Bcex cocraBax. 9To oforameHue
TaKKe [IOATBEPIKIEHO [IOBEPXHOCTHO ycuiaeHHol Paman cuexrtpockonueii. IIpomeccsl okucie-
HUS MBIMILAKA U JeCOPOIUY MPOLYKTOB OKHCICHUSA BJAUAIT HA CTPYKTYPY IIOBEPXHOCTHBIX
croeB ILTEHOK AS,Segy, AS,Seg, u AsgySes.
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CrpykTypHi gochigKeHHA WIiBOK XaabKoreHimie As—Se pisHoi komnosumii: dopmyBan-
HsI, Xapaktepusamnis i ocod6ameocti 06’emy Ta mpunmoBepxHeBuUX HaHomapiB. O.Korndpam,
P.I'onom6, B.Miya, M.Bepew, H.I[yo.

Inisku AsygSegy, AsypSegy i AsgpSes, mocipKeHo sa JOIOMOTO0 CHEKTPOCKOIl Kom6i-
HAIiIHOrO PO3CiIOBAHHA 3 METOI BUBYEHHS CTPYKTYPH OJMUIKHLOTO i CepemrHbOro IIOPAIKY.
Kpim Toro, penrtreriBcbky (hoTOEIEKTPOHHY CIEKTPOCKOIIiI0 1 II0BEPXHEBO IiACUIEHY CIIEKT-
pockomnio KomOiHAMiiHOrO posciloBaHHA CBiTJa BUKOPHCTAHO IJS XapakTepusaril CTPYyKTyp-
HUX 0coOJMBOCTel NPUIOBepXHeBUX HaHomapie As—Se. Hocaimxenus PamaHn-cuekTpis Io-
KasyloTh ToMiHyBaHHA MoaeKys As,Se; ta As,Se, y o6’emi maiBok As, Seg; i AsyySey, Ta
3HAUHUN BKJIaJ S€ y CTPYKTYPY IIiBEM AS,;S€g;. Criaz i MoxanpHY CTPYKTYPY HOBepxXHi
BU3HAYEHO 34 JOIIOMOIOI0 AllPOKCHMAIl eKCIepMMEeHTAJbHUX CIEeKTPiBE OCHOBHHX pPiBHIB AS
3d i Se 8d. TlokasaHo, IO Mae MiCIe CyTTEBE ceJleHO30araueHHsA IIOBEpPXHI y mopiBHAHHI 31
CKJIAJOM TIMOIINX TIapiB, 10 MiATBEPIKYETHCI MOMIHYBAHHAM CTPYKTYPHUX OJUHUIEL AS—
3Se y Beix xommoauiiax. Ile sbaravueHHs TAKOK OyJIO MiATBEPAKEHO MOBEPXHEBO Migcuie-
Hoto Paman cmekTpockomieio. Ilporecu OKMCIeHHA MU AKY i JecopbIiiii OKMCIeHWX TIPO-
AVETiB BILIMBAIOTH Ha CTPYKTYPY HOBepXHEBHUX INapiB mmiBok As, Seg,, As, Segy 1 AsgySesy.

1. Introduction

Arsenic selenide glasses are among the
most important glassy chalcogenide materi-
als useful for many different applications in
infrared (IR) optics, data recording, imag-
ing, sensing and recently in chalcogenide
photonics. Stoichiometric As,Sej is a classic
glass former and also has the interesting
feature of having a composition exactly at
the floppy-to-rigid transition [1]. Different
As,Se oo, materials have special interest be-
cause of their opto-mechanical properties [2].

Amorphous films of As,Se;p_, chalco-
genide glass (ChG) system are currently of
interest as materials for optoelectronic de-
vices as well as optical information storage
[3, 4]. It was found that AsgpSeg, exhibits
high light sensitivity during photostructu-
ral transformations due to the presence of
homopolar As—As bonds [5, 6]. The excess of
As in AsgySeg, relative to stoichiometric
As,pSegy leads to an increase of the optical
gap E, (from 1.90 to 1.95 eV for bulk
As,pSegy and AsgpSegy, respectively) [7].
The evaporated films have been shown to
have a large degree of structural disorder
which was found to depend on the method
and conditions used for deposition [8]. In
addition to structural disorder of the amor-
phous state connected with the absence of
long range order and translation symmetry,
the two types of defects: (i) coordination
defects (i.e. so called charged D' and D~
centers or valence-alternation pairs (VAPs))
and (ii) homopolar bonds defects (sometimes
referred to as "wrong bonds"”) can be found
in non-crystalline structures, too [9]. VAPs
in the As,Se; glass have been detected by
Antoine et al. using X-ray photoelectron
spectroscopy (XPS) and first principles mo-
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lecular dynamics simulations. Also, it was
found that the concentration of such defects
decreases upon near bandgap laser irradia-
tion [10]. On the other hand, the concentra-
tion of homopolar bonds in arsenic chalco-
genides was estimated to be ~102-103 times
larger than that of the charged defects [11].
The role of charged defects in the structure
and properties of oxy-chalcogenide glasses
were also discussed in [12].

The dimensions of active elements in
modern opto-electronic and photonic devices
are in the order of nanometers. Therefore
the role of the material surface became very
important. Also, the local structure and
structural defects (both charged defects
and/or homopolar bonds) normally occur-
ring at the surface contribute also to the
general (bulk) electronic, optical and other
physico-chemical properties of ultrasmall
active chalcogenide elements [13, 14]. Thus,
the characterization of the local structure
at the surface of deposited nanolayers and
the study of their relationship with the
physico-chemical properties are of great sci-
entific importance from both fundamental
and applied points of view.

The XPS with a sampling depth of ap-
proximately few monolayers (~30 ang-
stroms) is an excellent method to study sur-
face properties of materials [15]. In this
paper the XPS spectroscopy was used to
characterize atomic composition and short-
range order at the surface of As,;Segq,
As,0Segy and AsgpSesy nanolayers. Addi-
tional (medium-range order, cluster and mo-
lecular structure) structural information of
As—Se nanolayers were obtained by Raman
spectroscopy which was used in both ordi-
nary and surface enhanced regimes. The
surface-enhanced Raman spectroscopy
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Fig. 1. XPS Se 3d core level spectra of As,Se,,, . (x = 20, 40, 50) films together with the results
of curve fitting. Peak components were identified as Se-2As (1), Se—-1SelAs (2), Se—25e (3). 1, 2,
3 denote 3035/2 peaks, and I’, 2’, 8 denote 30l3/2 peaks. (Color on-line).

(SERS) allows us to examine the structure
of the nanolayer surface. The aim of this
work is the examination of the atomic
stoichiometry, local- and medium-range
order structures and their characteristics as
well as electronic properties of the surfaces
of deposited As—Se nanolayers.

2. Experimental

XPS and Raman spectroscopy of As-Se
nanolayers

Amorphous As20Se80, As40Se60 and
As50Se50 thin films with thickness of about
500 E were prepared by thermal evaporation
of source bulk glasses onto (100) silicon crys-
tal wafer substrates. The bulk As,Seqqg_y
(x = 20, 40, 50) samples were prepared by
the conventional melt-quenching route in
evacuated quartz ampoules from a mixture
of high purity 99.999 % As and Se precur-
sors [16]. The furnace was rocked to obtain
the most homogeneous melt. All ingots were
quenched by switching off the furnace.

Photoemission measurements were per-
formed with a Mg K, Hhv = 1253.6 eV) X-ray
source. As 3d and Se 3d core levels were
recorded at normal emission geometry [17].
This method is surface sensitive and allows
to analyze the near-surface part of the film
(~2 nm) [18]. The C 1s core-level spectra of
all As-Se films were measured and the
binding energy (BE) of the C 1s signal from
surface impurities (285.0 eV) was used for
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preliminary energy correction, and was
crosschecked using the BE of the Se 3d5/2
bulk signal (55.6 eV) [19, 20]. To accommo-
date the differences in surface potentials
between samples, and to determine the abso-
lute positions of all XPS core levels, an
ultrathin (~3 A) gold film was deposited on
the sample surface. Then the experimental
positions of the core levels for all the inves-
tigated samples were also calibrated by ref-
erencing to the 4/’7/2 core level peak of pure
Au at 84.0 eV [20]. The gold-deposited sam-
ple was used only for the determination of
absolute position and for controlling the
studied core level shapes. The measured in-
tensities of As 3d and Se 3d core level spec-
tra were normalized by the corresponding
atomic photoionization cross-sections [17].
The Se 3d and As 3d core level peaks were
fitted using a Voigt function with subtrac-
tion of a Shirley type background to yield
peak position and intensity. The fitting pro-
cedure is described elsewhere in detail [21].

Raman spectra were measured using a
Renishaw system 1000 Raman spectrometer,
equipped with a CCD detector. A diode laser
operating at 785 nm was used as the excita-
tion source. The measurements were made
in micro-Raman configuration using back-
scattering geometry. In order to avoid the
photo-induced changes in the structure of
the samples, stimulated by this laser, the
output power of the excitation source was

549



O.Kondrat et al. / Structural investigation of As—Se ...

3,0 T T T T T T T T T T T T

25

0,5

_____

0,0

45 44 43 42

41 45 44 43 42 41 45 44 43 42 41
Binding energy, eV

Fig. 2. XPS As 3d core level spectra of As,Se,,_, (x=20, 40, 50) films together with the results of
curve fitting. Peak components were identified as As—8Se (1), As—2SelAs (2). 1, 2, denote 3d5/2
peaks, and 1’, 2’, denote 3d3/2 peaks. (Color on-line).

limited by means of optical filters [22]. The
ordinary Raman spectroscopy gives integral
structural information on the As—Se films
(from the surface and deeper subsurface
layers, up to few micrometers) at medium
range order scale. To distinguish between
surface and subsurface structure of the As—
Se nanolayers, SERS measurements have
been performed as well. For this reason,
20 nm gold nanoparticles were placed on
the surface of the films and were used to
activate the surface enhancement in the
Raman spectra of As—Se nanolayers. In the
SERS spectra the signal from the surface is
essentially stronger and this allows to dis-
tinguish between the integral and the sur-
face (few nanometers) Raman signal and to
perform the structural analysis of the sur-
face part of samples.

3. Results and discussion

Results of the XPS measurements of the
ASZOsego, AS408€60 and AS5OSe50 thin films
together with the results of curve fitting
are shown in Fig. 1 and 2. As seen from
Fig. 1, the Se 3d core level spectra of the
ASZOSGSO and AS408€60 thin films were fit-
ted well using 3 doublets with 3dy,, spin-
orbit splitting components at ~54.7 eV
(peak 1), ~55.2 eV (peak 2) and ~55.5 eV
(peak 3) binding energies. According to the
published data, peak 3 is assigned to Se-
2Se s.u. in bulk Se [20]. The averaged mo-
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lecular orbital (MO) energy level of the Se
3d core level calculated for this s.u. of
55.7 eV [23] is a further confirmation of
this assignment. DFT calculations show that
the substitution of Se by As leads to an
energy shift of the Se 3d core level to
55.3 eV for an Se-1SelAs s.u. and to
54.8 eV for an Se—2As s.u. [23]. Therefore,
we assigned peak 2 (55.2 eV) in the Se 3d
core level spectra of the As,Segy and
As,ySegy thin films to Se-rich As-Se-Se
s.u. The calculated energy of 54.8 eV coin-
cides well with the experimental Se 3d core
level BE of 54.7 eV found for the As,Sej
crystal in which only the Se—-2As s.u. is
present [19, 20]. This component becomes the
most intense in the Se 3d core level spectrum
of the AsgySegy sample (see Fig. 1). In addi-
tion, there is no peak 38 in the Se 3d core
level this sample.

The As 38d core level spectrum of the
AsgySegy thin film (Fig. 2) was fitted using
two components assigned to arsenic bonded
to three selenium atoms (As—3Se s.u.,
~42.9 eV, peak 1) and arsenic bonded to two
selenium and one arsenic atoms (As—2SelAs
s.u., ~42.5 eV, peak 2); these energies are
in good agreement with values reported for
materials with corresponding arsenic chemi-
cal coordination: As,Se;, and realgar-type
As,Se,, respectively [20, 24-27]. The calcu-
lated MO energy of the As 3d core level com-
ponents for units where Se was substituted

Functional materials, 24, 4, 2017
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Table 1. Atomic concentrations and As/Se
ratio of As,;Seg;, As,;Seg, and AsgSes,
films calculated from XPS data. For com-
parison, the values of As/Se ratio for the
bulk glasses are given in parentheses.

AS2S€g0 | AS4pS€sy | AS5pSesg
As, % 13.1 28.8 38.1
Se, % 86.9 76.2 61.9

As/Se 0.15 (0.25)|0.31 (0.67)| 0.62 (1.0)

by As in AsSe; pyramids, i.e. As—2SelAs and
As—3Se, is overestimated by about ~0.7 eV
[23] but in general are in good agreement
with the experimental data. The same com-
ponents were found for the As 3d core level
spectra of the As,ySegy film. Finally, the As
3d core level spectra of As,;Segy were fitted
by a single As—3Se component only, which
is expected for the As-poor composition.
The Raman and SERS spectra of As-Se
nanolayers are shown in Fig. 38 and Fig. 4,
respectively. Raman spectra of the As,pSeqq
and AsgySegy thin films are similar to each
other and are characterized by the main
peak at 220 em ! with a shoulder at
252 ecm~ 1. The As,Segy composition demon-
strates the dominance of the band at the
252 em™! and the presence of an inflection
at 220 eml. Apart from that all spectra
contain a small peak at 180 cm 1. The band
at 300 cm™! is related to the signal from
the Si substrate. SERS spectra of the inves-
tigated samples are characterized by the in-
tensive peak at 247 cm~l, which is sharp
for the As,3Segy and As,ySegy compositions
and significantly wider for the AsgySegg
film. In the lower frequency region peaks
were detected at 105, 125, 165 and 187 em™!.
Atomic stoichiometry

12000

8000

Raman intensity, a.u.

4000 |

100 200 300 400

Raman shift, (cm'1)

Fig. 3. Raman spectra of As,Se,y,_, films: 1)
x = 20; 2) x = 40; 3) x = 50.

To analyze the composition of the sur-
face nanolayers, the atomic concentrations
and As to-Se ratio of the films under inves-
tigation were calculated using As 3d and Se
3d peak areas normalized to appropriate
cross sections (see Table 1). The significant
loss of As content is evident for all
As,Se gy films. Similar depletion of the
As content was detected in our earlier syn-
chrotron radiation photoelectron spectroscopy
(SRPES) study of As—Se nanolayers using the
excitation energy of 450 eV [16, 21]. The
drastic loss of As at the surface of the two
As-rich As,;Segy and AsgySegg compositions
can be connected with the presence of ho-
mopolar As—As bonds in their structure.

Table 2. Contribution (Area, *5 %) to the main (3d;,,) peak of each doublet of individual
components determined from curve fitting of Se 8d and As 8d XPS spectra of As,;Seg;, As,;Seg,

and Asg;Se;, films

Core level/Component As,,Seg As,,Seg Asg,Ses,
Se 3d:

Se-2As, % 15.8 33.5 72.9
Se—-1SelAs, % 20.7 46.4 27.1
Se—-2Se, % 63.5 20.1 -

As 3d:
As—2SelAs, % - 17.9 24.8
As—3Se, % 100 82.1 75.2

Functional materials, 24, 4, 2017
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These weak As—As bonds can easily break on
the surface under the influence of ambient
conditions (i.e. oxidation ete.) [16, 21]. The
oxidation of As leads to formation of As,0;
at the surface [28]. The desorption of vola-
tile arsenic oxides from the near-surface
layers [29] can explain the drastic loss of As
content.

The As,Se; characterized by layered
structure formed by As—Se rings built from
As—3Se pyramids. Such a 2D network can
be considered as a "protective network”
which slows down the oxidation processes in
deeper layers of the film. The AszySegy com-
position does not form a 2D network and
represents mostly a molecular-like structure
with As,Se, and/or As,Se; units. The strue-
ture of the As,;Segy film is also formed
mostly by 1D structures (-Se-Se-Se-chains)
and Seg molecules. Such structural charac-
teristics of the As,;Segy and AsgySegy films
explain the higher level of oxidation of ar-
senic in deeper layers, which, together with
the diffusion of the oxidized arsenic to the
surface region and its desorption in the
form of As,O5 causes the As-loss [23, 29].

Component analysis

The contributions of the Se 38d and As 3d
peak components to the total core level in-
tensity is shown in Table 2. The main com-
ponent of the Se 3d peak of As,;Segy sam-
ple is the Se—-2Se s.u., with a significant
contribution of the Se—-1SelAs s.u.
(20.7 %) and Se—2As s.u. (15.8 %). Taking
into account the As 3d core level of this
structure with a single As—3Se component,
it can be concluded that there are no ho-
mopolar As—As bonds on the surface of
As,ySegy nanolayers, i.e. each arsenic atom
is bonded only with selenium atoms.

Homopolar As—As bonds appear in the
As,pSegq film: the As 8d core level contains
17.9 % of As—2SelAs s.u. in addition to
82.1 % of the As—8Se s.u. In contrast to
As,oSegy, curve fitting of the Se 3d spec-
trum of As,pSegy shows the redistribution
in the peak component intensities: the most
intensive component becomes Se—1SelAs.
These results show a significant difference
between the structure of As,;Segy surface
nanolayers and the structure of As,Se;
crystal where only Se—2As s.u. (in Se 3d)

and As—3Se s.u. (in As 3d) are expected.
The stoichiometric (Se—2As) component
dominates (72.9 %) the Se 3d core level of
the AsgySegy film. The concentrations of the
other two components, Se—1SelAs and Se-
2Se, were calculated to be 26 % and 0 %,
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Fig. 4. Surface enhanced Raman spectra of
As,Se o, films: 1) x = 20; 2) x = 40; 8) x =
50.

respectively. Simultaneously, the contribu-
tion of As—2SelAs s.u. in As 3d core level
of AsgySegy increases to 24.8 %
17.9 % found for As,pSeqp.

Similar investigations have been made
using synchrotron radiation as an excitation
source to get a photoelectron spectra of the
As,Seqpo_x (x =20, 40 and 50) surface
nanolayers [23]. In this case, the sampling
depth of the measured photoelectron is ap-
proximately 10 angstroms [30] in contrast
to the ~30 angstroms for the XPS. The
As,ySegy composition is characterized by
the absence of the water-like Se—2As s.u. on
surface layers. The types of structural units
in AsynSegy sample are found to be the same
for both cases and their contributions to the
appropriate core levels (As 3d and Se 3d)
are quite similar. Finally, on the surface of
the AsggSegy film some quantity (18 %) of
Se—-28e s.u. was detected. Such fact corre-
lates well with the 70 % of Se, detected on
the surface instead of the 62 % in the
deeper layers. All these data indicate the
formation of the gradient concentration in
the near surface layers of the As,;Segy and
AsgySegy thin films: the surfaces of these
films are enriched by structural units with
homopolar Se-Se bonds. It can be a conse-
quence of the desorption of some part of As

atoms from the surfaces due to the weak-

from
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ness of As—As bonds. At the same time, the
As,0Segq sample is the most homogeneous at
least within the top ~80 angstroms.

Middle range order

Ping Chen et al. [31] discovered the
aging of selenium and arsenic-selenide
glasses with different composition and have
analyzed the Raman spectra of crystalline
As,Se;, As,Sey, and As,Se;. From this
work it can be seen that the main peak in
the Raman spectrum of the Se is located at
~2583 em™1 and connected with the Seg
rings. The addition of As lead to formation
of the new peaks in the Raman spectra of
As-Se glasses located at lower wavenum-
bers. The Raman spectrum of the c-As,Se;
is characterized by the peaks at ~247, ~230,
~216 and ~202 cm~l. Taking into account
these data it can be argued that SERS spec-
tra of the ASZOseso, AS4OSe60 and As5ose5o
thin films (see Fig. 4) demonstrate the
dominance of selenium in the composition
of the films. Such Se-enrichment correlates
well with the results of the XPS investiga-
tions (see Table 1). It can be seen mostly for
the As,ySegy and As,ySegy compositions.
The broadening of the spectra in the low-
frequency part means the presence of some
quantity of the arsenic. This broadening is
the highest for the AsgySeg; composition
and correlates well with data presented in
Table 1. The Raman spectrum of the
As,oSegq film (Fig. 3) is similar to its SERS
spectrum and confirms the dominance of Se
in the structure of the film. The shape and
position of peaks in the Raman spectra of
As,pSegy and AsggSegg thin films are simi-
lar to those showed in [81] and demonstrate
the presence of As,Se; and As,Se, mole-
cules. Such differences between the results
of Raman spectroscopy and SERS confirm the
formation of the gradient concentration from
the surface to the deeper layers of the films.

4. Conclusions

The surface of ASZOSeso, AS408€60 and
AsgSesy nanolayers was studied in detail
using X-ray photoelectron spectroscopy and
surface enhanced Raman spectroscopy.
Atomic concentrations and calculated As-to-
Se ratios obtained from photoelectron spec-
tra show that all surfaces are enriched with
chalcogen. Each sample demonstrates depth
dependence (gradient) of arsenic content,
which increases with the distance from the
surface. The lowest deficiency of arsenic in
the subsurface region was found in the
As,pSegy sample, which was attributed to
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the 3D network-like structure of arsenic
triselenide. The properties observed in the
surface layers of As,3Segy, As,ySegy and
AsgySesy films are connected with both
their molecular structure and processes of
arsenic oxidation and desorption of the oxi-
dized products. The Raman spectra of
AS408€60 and AS508e50 films are different
from the Raman spectrum of the As,;Segg
film. However, the comparison of the
Raman and SERS spectra of the samples
shows that all film surfaces (As,3Segq,
AS408€50 and AS508e50) are enriched by Se,
as indicated by the main band at 247 em™!
in the Raman spectra.

Component analysis shows the presence
of structural units with homopolar Se-Se
bonds and the stoichiometric Se—2As s.u. at
the surface layers of all films, including
also the As-rich composition. Free selenium
(Se—-2Se) structural units were detected in
the structures of the As,3Segy and As,pSeqq
films. The stoichiometric Se—2As s.u. be-
comes dominant for the AsgySegy; composi-
tion. In spite of the Se-enrichment of the
sample surfaces, homopolar As—As bonds
were detected in the structure of As,pSegq
and AsgySegy films. Acknowledgments.
0.K. and R.H. gratefully acknowledge sup-
port from the Hungarian Academy of Sci-
ences within the Domus Hungarica Scien-
tiarum et Artium Programme. N.T. acknow-
ledges CERIC-ERIC consortium and Czech
Ministry of Education (LM2015057) for fi-
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