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Absirac—The complicated complex nature of vapour flows of
these glasses which contain about three tens of different As.S,
atomic complexes(m=0-4 ,n=0-8 . ) has been revesled By
increasing the flow density of an fonizing dectron beam of the
mass-spectrometer  the coincidence of the total mass
spectrometric compasition of the vapour phase with the chemical
composition of glasses before evaporation has been ensured. The
presence of three types of congentration dependences for
different As, S, dusters versus the chemical compaosition of initial
glasses. growing, degressing, dome-shaped ones has besn
established. Theinfluence of technadlogical conditions of synthesis
for As-Sglasses on their mass-spectra has been revealed.

Keywords—mass-spectrometry; arsenic-suifur clugters;
evaparation of chal cogenides
. PNTRUDCUTION

For mass-spectra of As-S glasses o considerable content of
AsmSn polyatomic complexcs is typical, where m changes from
zero to four, and n - from zero to eight [1. 2]. These various
vapour components are adsorbed on the surface of the growing
fiim under cendensation and invelved into the processes of
chemical self-collecting of its atomic grid. The formation of
different structural and phasc states of As-S amorphous films is
conditioned by the chemical composition and structure of these
particles, their quantitative ratios. kinetic, energy and chemical
characteristics, combined with a certain set of other parameters
of the condensation process.

The analysis of mass-spectra of As-8 materials, studied by
different authors |3 - 9| shows that in most cases the total
mass- speclrometric composition of the vapour phase does not
correspond to the chemical composition of initial materials, In
this case, the chemical composition of the vapouwr flow is
generally substantially enriched with arsenic compared with
the composition of initlal matcrials (differences reach 20 at %),
Such large deviations can be caused by scveral reasons;
deviations from the presel chemical compositions  of initial
materials; differences in their structure; prolonged exposure of
the substance at elevated temperatures of an effusion cell prior
to the registration of the mass-spectrum, as a result of which
volatile atomic particles have time to sublimate from the balch;
improper conducting of mass-spectrometric measurements and
processing of their results and so on. In particular, the ratio of
cancentrations of different vapour particles greatly differs at
the initial, basic and final stages of evaporation. Therefore, cur
work analyzes the given problem, too.
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[ MENOROLOGY OF RESEARCH

Mass- spectrometric studies were conducted by Knudsen
mecthod on MH-1201 devices. The effusion cell was made
trom tantalum foil und had a small diameter of a hole equal to

0.5 - 0.7 mm. Around the cell a radiation screen from tantalum

toil was also placed. The ratio ol the area of Knudsen cell hole
to the area of its section made up 1: 200. The evaporation
temperature of the cell batch was mceasured by the differential
W-Re thermocouple, Before each new experiment the effusion
cclls were heated up to 1000 - 1200 K.

The experiments were conducted in vacuo of - 10-5 Pa,
which was created by a lamellar-rotary pump Pleiffer Vacuum
DUO 2.5 and turbo-molecular pump TMH-150. The devices
were calibrated according to atomic particles of aluminum
VAPOUrs.,

According 1o the data [10]. the maximum ionizalion
efficicney of AsyS, cluslers s typical for exciting electrons
with energies of 30 - 60 eV, That s why the flow of lonizing
electrons was formed just in this energy range. The effective
cross section of jonization process of wvarious atoms and
molecules by the electrons of low energics is on the average
directly propoertional to their sizes. The sizes of arsenic atoms
are by 30% greater than those of sulfur atoms. Thus cnriched
with As the AspS, clusters will have much larger geometric

‘sizes and thoercfore sipnificantly greater cross scetions of

electron scattering. Thus, these clusters will be much more
effectively ionized by the flow of cxciting electrons of the
mass-spectrometer and their ionic currenis will  prevail in
experimental wass-spectra. In our opinion, just by this a
significant enrichment wilth arsenic of the total chemical
compaosition of the fonized flow in the mass- spectrometer is
determined {scc papers [3 - 9]). 'I'herelore, these ellects should
be taken into account while obtaining reliable experimental
mass-spectrometric data for evaporation of As-8 materials. One
way of making this effect slacken is to increase the cfficiency
of vapour flow ionization by an electronic gun.

For evaporation small picees of glasses of As-S system
with the chemical composition of AssSu, AszSy, AS2:S7,
AsiiSin AsgeSen T2 AswSsy were taken. The glasses were
synthesized by cooling of the ampoules  with melt in co.d
water. The evaporation temperalures T. of glasses of all
chemical compositions were chosen to be such ones, as to
ensure oplimal densitics of  vapour flows in the mass-
speclrometer. It was found that values T, which were 30 - 80
K greater than the glass transition temperature of glasses and

02NTF06-1



NAP-2017, 201 7ALEE 7th International Conterence on Nanomatcerials: Applications and Properties (NAP)

the samc 30 - 80 K lower than the corresponding  liquidus
temperatures of As-S  sfale diagram.  correspond to such
conditions. During studics the mass-spectra were recorded only
during the base average period of the experiment and unstable
initial and final stages of the evaporation process of glasses
were not considered.

(1L, RESULTS AN TTIFIR ANALYSIS

A. Clusters with high content of Qulfur atoms

Mass-spectra of sulfur-rich glasses of As-S system obtained
by us contain all atomic complexes of 5, fiom S to Ss. But,
unlike the elementary sulfur, the mass-spectra lines of all S,
particles are quite intense and lie in the range from 10 to 100 a.
u. At this, for the composition of As3S,, glasses the most
intense mass-spectrum line corresponds to the particle S.. With
the growth of arsenic part in the compesition of glasses the
intensities of these lines naturally reduce gradually and for As-
rich samples in the vapour phase a small quaniity of only S5,
Sy 1a 8; pariicles appears.

The averaged data of other researchers correlate quite well
with our results. Bul there are a few features in them that are
difficult to explain. 1. the concentration of all $, complexes
changes nonmonotonously with changing the chemical
composition of glasses. 2, The intensity of lines ol S; clusters
is practically identical for ail investigatcd glasses from AsySg
10 AsysSss, the conceniration of sulfur atoms of which is
reduced more than twice, 3. The intensity of Sg cluster lines
even increases by four times at the indicated changes in the
chemical composition of giasses.

Quite a different behavior with changing the chemical
composition of evaporaled glasses is typical for AsS. particles
of the second type. [n particular. AsS; and AsS. complexes
have not been reported in most previous studies on evaporation
processes of As,Sipo. glasses. In our own experiments only
AsS:  particles were fixed in the wvapour phase during
evaporation of As ;Se glasscs exclusively.

The lines of AsS: and AsS, clusters are presented in the
mass-spectra more extensively, [n our experiments these
atomic complexes are found in all investigated glasses of As-§
system, except AsySs.. AL this the intensities of tines of the
given cluslers in mass-spectra of glasses having different
chemical compositions are quite similar and lic within 4 - 12 a,
u. Previous mass-spectra of olher authors point to the presence
of AsSs and AsS, clusters only in vapours of As, Sy glasses
with 25 < x < 40 at.%. A substantal concentration of such
clusters was revealed oniy in wvapours of glasses with
compositions in the vicinity of As;,Ses

in a wide range of compaositions of As-S glasses from 20 1o
33 at.% the lines of As; 8. particles have the maximum intensity
in the mass-spectra investigated by us. The concentration of
such clusters is also quite high in vapowr flows of glasses with
other chemical composilions. Previous experiments  also
revealed a significant coniribution of the given atomic
complexes in the mass- spectra of all investigated As-S glasses.
This indicates to the fact that As-S8, clusters are one of the main
components of vapour flows of all As,8 50 glasses.

Our cxperiments also revealed AsyS,  clusters in vapour
Mows of glasses with 20 < x < 40 at.%. Fspecially intense lines
of these particles are seen in mass-spectra of AsyS.; and
AsaSep glasses. In contrast to our data. previous studies by
other authors found such complexes mainly in vapours of
glasses only In the vicinity of As;;S4 compaositions,

lt shouid be noted that in mass-spectra of vapour flows of
AsnSeglasses we also constantly recorded a weak line (- 5 a.
w.} of AsyS; atomic particles. In all other studies this particle
was not detected.

B. Clusters with commensurable content of arsenic and Sulfur
atoms

Quite a large number of mass-spectra lines of A5,S:gox
glasses corresponds to the complexes in which quantitics of
sulfur and arscnic atoms are equal or ditfer by one. One of such
AsS clusters is the second main part of vapour flows of the
investigaled glasses. The intensity of lines of this cluster is high
tor all glasses and it is maximum for mass-speetra of glasses
with a high contenl of arscnic both for our experiments and
other articles.

According to our data the concentralion of AsS, compleyas
is high enough only for vapours of As;pSe; glasses (the line
intensity is 87 a. u.). With the growth of As content in glasses
the number of clusters is rapidly declining and they are already
absent for samples with x = 40 at.%. According to cther
researchers AsS» atomic particles significantly contribute oniy
into mass-spectra of Ass3S,; glasses.

In previous papers in mass - spectra of almost all glasses of
As-5 systems there were recorded quite noticeable lines of
As8:8, AsS; and As.S; clusters {the intensity of lines was
within the limils from 10 to 60 a. v.). But our research revealed
such clusters only in vapour flows of glasses rich in arsenic
{mainly for composilions with x > 33 at.%.). The iniensitics of
iines of the given parlicles In our mass- specira are much
smaller (2-25a. u.).

Quite unexpected are (he avernged results of previous
research as to the content ol As,S qo, clusters with a large
number of arsenic atoms © As;S- A58y AsS, and As, Sy in the
vapours of glasses. These atomic particles were found in the
samples of all chemical compositions, beginning with AszSg.
The intensities of their fines it mass-spectra naturally grow
with the increase of x, beginning from 1 a. u. and rcaching 20 -
40 a. u. In our experiments such clusters are found in vapours
of glasses only for x = 40 at.% . At this the concentrations of
AsS; and AsyS. clusters arc commensurable  with the data
from previous studics, and the concentrations of As;S. and
As:8: clusters are almost by an order of magnitude less in
comparison with previous studies .

For A8, and  As:S; clusters the resulls of mass-
spectrometric  experiments are very close both by the
intensities of lines and by their change with variations in the
chemical composition, ‘The given atomic complexes are
revealed only in vapour flows of As S na glasses for x = 40
al.%.
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C. Clusterswith high content of Arsenic atoms

Atomic particles with a large number of As atoms in
vapours of As-S system are mainly presented near As,.. wheren
varies from 1 1o 4 Bur only As and Asy lines have significant
intensities in mass-spectra. in previous studies a great decrease
in the intensity of As lines (Fom 90 (o 17 4, v.) with increasing
the arsenic concentration in glasses {from 20 to 45 at.%? is
unclear. However, in our experimenis, the mtensities of As
lines in mass-specirn of glasses with the same range of
compositions are much lower and change very little within 3 -
10 a. u, Researchers usually indicaie [1 - 3], (hat lines of single
arsenic atoms in mass-spectra of As-5 glasses appear largely
due to dissociation of AsS particles under the influence of an
fonizing clectron beant. But in this case, mass- spectra must
have the appropriale intensity of lines of single sulfur atoms.
Moreover, the intensities of I8, As and AsS lines should
correlale with cach other, which is not observed in the mass-
spectra presented by previous rescarchers.

At the same time, these distinet patterns of lines are typical
for the lines of these particles in our mass-spectra of all
investigaled As-S glasscs. [n particular, the intensities of sulfur
and arsenic lines in them are very ¢lose, and the inlensities of
AsS lines by 5-10 times higher than 8§ and As lines. In
addition, a strong ingrease in the intensily of AsS lines {to 100
a. 1) for the glasses with x = 40 at% is accompanicd by the
decrease in the intensity of As and S lines to ~ 3 a. u. This
indicates to the facl that if dissociation of AsS dimers does
occur when the ionization of ionic flow takcs place, it does
not play a significant role in our experiments.

Regarding As- clusters, the results of our research, mainly,
coincide with previous dama. The intensity of their lines
naturally increases with increasing the arsenic content in the
composition of glasses. However, the concentration of these
clusters in vapour flows investigated by us Is twice as low as
compared with other scientific works of researchers.

The concentration of As, clusters in vapour flows ol As-S
materials is very low. A weak line of these particles was
detected by us only in mass-spectra of plasses in the vicinity of
AsgpSs composition. [lowever, in previous studies this line was
mainly observed in mass-spectra of plasses rich in  sulfur
(As2557s and Asy 8.7 compositions), while in the glasscs with
high ursenic content, thig line was missing.

Close are the results of all studies as 1o availability of As,
and As5,S, clusters in vapour flows of As- S materials. At this
the lines of As. particles are clearly revealed only in mass-
spectra, of glasses  with the compositions in the vicinity of
AS445s,. However, in our studies, the intensity of these lines
was at the level of 2 - 4 a. ., whereas in previous studies it
exceeded 60 a. u.

AssS: clusters are present in vapours  of all investigated
ASS o glasses of composiions with 33 < x < 40 at.% (with
intensity of lines [rom 3 to 3 a. u.). But in previous studies a
significant concentration of such atomic particles was also
revealed in the glasses rich in sulfur (the range of x s [rom 20
10 25 at.%).

The results also shows a comparison of the initial
chemical composition of glasses before evaporation and the

total chemical composition of the vapour flow. As follows
from these data, for many previous experiments [3 - 9] the total
mass-specltrometric composition of the vapour phase of glasses
docs not correspond  to the chemical composition of initial
materials. This averaged vapour flow contains 4 - 8§ at.% of
arsenic atoms more than compared with the inilial  glasses.
Exceplions are only Asy;Sg; plasses, for which such deviation
does not exceed | at.%. Unfortunately, the authors of papers
indicated above do not give a detailed description of mass-
spectrometric experiments by which one could analyze the
detected deviations.

In qur mass-spectrometric studies within the experimental
error  the 1olal mass-spectrometric composition of the vapour
phase coincides with the chemical composition of glasses
before evaporation. We belicve this is duc to a correct choice
of conditions of both the evaporation of glasses from Knudsen
cells and the ionization of the vapour flow formed, In
particular, the 5-fold increase in the valuc of flow of lonizing
electrons provided much greater probability of ionization of all
vapour particles, regardless of their sizes. As a result the
conditions for effective ionization of overwhelming majority of
vapour flow particles were created in the mass-gpectrometer
and, accordingly. they all gave contribution to the ionte current
of the mass-analyrer.

It should also be noted that mass-spectra of As-S glasscs
undet evaporation rather strongly wvary depending on the
preparation conditions of the initial material. This is evidenced
by the experimental data obtained both by us and other
researchers {1, 2]. However, in all these spectra relatively
"stable” vapour particles appear whose parts in mass-spectra
are little dependent on the conditions of synthesis of the initial
material, These include S, S.. 8;, As-8,, AsS; AsS, As.S.,
Asy8a, A58y clusters. Al the same time, the parts of many
atemic complexes vary greatly during the transition from o..e
sample of glasses to another. Among them are AsS, As., As-S,
S5, 85, A53Sa, AsySa. ASyS;. Such behavior of different parts of
the vapour is caused by both the differences in the structure of
initial  glasses  synthesized under different  technological
conditions and the differences in the condilions of conducting
mass- spectromelric studies. [n addition, atomic complexes in
these lists can also vary by their stability in the vapor phase.

The analyzed mass-speetra of As-S plasses are prepared at
evaporation temperatures of initial materials from 400 to 600
K. which are by ~ 80 K lower than the melting temperature of
appropriate substances. In actual manufacluring condensation
processes of amorphous films the  evaporation of initial
materials is carried out at higher  temperatures of the
evaporator (300 - 900 K). It is clear that in such eircumstances
of evaporation mass- spectra of glasses can sufficiently differ
from the considered above. But methodically to invesligale
them by traditional mass-spectrometry methods is much more
dilficull.

1V, CONCLUSIONS

The results of mass-spectrometric studies of evaporation
processes of As-S glasses wilhin the range of chemical
compositions from As;Ss t0 As::35, have been analyzed. It
has been revealed ihat mass- spectra of vapour flows of these
glasses have a complicated complex character and contain
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about three tems of ditterent atomic complexes. But ihe total
mass-spectrametric composition of the vapour phase in the
majority of mass-spectroscopic studies does not correspond to
the chemical composition of initial  materials and s
significantly rich in arsenic atoms. This fact is explained by the
dependence of (he ionization probabitity of vapour particles by
an electron buwn of the mass-spectrometer on the size of thesc
particles. With significant increase in the flow density of
ionizing electrons the jonization probabilities of different
vapour clusters are aligned. Under such circumsiances within
the oxperimental error the tolal  mass-spectrometric
composition of the vapour phase of As-5 glasses coincides
with the chemical composition of glasses before evaporation,

The dependences of concentrations of different AsmSy
clusters in (he vapour flow on the chemical composition of
initial As,S 0. glasses have been studied. The presence of
clear correlations in the behavior of these two paranelers has
been eslablished. Three types of dependencies have been
revealed: a) the concentration of some vapour particles
decreases with the growth of x; b) the concentration of other
particles increases in this case; ¢ the dependence of
concentration of some vapour particles on the parameter x has
a dome-like shape.

It has been found that the change in the structural state of
initial As-S glasses by changing the technological conditions of
their ‘synthesis can  cause significant changes in the
concentrations of vatious complexes in mass-spectra.
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