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The paper presents the results of study of physical properties of synthesised by melt quenching and thermally
annealed (As2S3)1xAgy (0.04 <x < 0.40) alloys depending on the silver content. Temperature dependences of the
electric conductivity of the alloys under study measured in the 293 to 413 K range in the direct and alternate current
(DC and AC) modes showed that the dominating mechanism is thermally activated charge-carrier hopping mediated
by delocalised states in the tails close to the energy bandgap boundaries and localised states close to the Fermi
level. Thermal activation energy for the alloy ionic conductivity estimated from the Arrhenius plots increases with
silver content. For bulk (As2S3)1.xAgy samples with x = 0.30 and 0.40 AC electric conductivity studies revealed the
presence of two components in the charge transfer mechanism due to specific features of their inhomogeneous
structure. The effect of the increasing Ag content in the (As2S3)1.+Agx alloys on the optical absorption edge, energy
bandgap, and refractive index dispersion in the visible and infrared ranges is studied. For thermally annealed alloys

with high Ag content the optical bandgap shrinks and the refractive index increases.
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index.
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Introduction

Within recent decades, intense studies of
semiconducting chalcogenide glasses and alloys produced
a vast array of data on their unique structural, electronic,
and optical properties [1, 2]. These materials are
promising as media for modern photonics and
optoelectronics, capable for information recording and
transformation, infrared and nonlinear optics, electronic
memristors, thermoelectric generators, electrochemical
sensors and displays [3-9]. Semiconducting chalcogenide
alloys of As—S systems with metals introduced in their
structure attract researchers due to the dominating ionic
type of conductivity, efficient stimulated diffusion of
dopant atoms, polarity-dependent electric switching with
memory effect. This makes them promising for practical
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applications in solid-state ionics [10, 11].

As»S; chalcogenide glasses are generally known to
possess quite low electric conductivity which restricts
their electrotechnical applications. Doping such glasses
with transition metals like Ag or Cu intensely improves
their electric transport-related properties [11]. With
increasing metal content, their ionic conductivity can
essentially increase from 107'# S cm™ to 10° S ecm! [12].
Earlier chalcogenide alloys in a rather broad range of
silver content, from several ppm up to 30-35 at. % Ag
were studied [11, 13]. In these investigations two
experimental techniques were successfully combined:
electrical studies with separation of residual electronic
conductivity of the base matrix and much more
pronounced ionic component, and studies of optical
properties of chalcogenide alloys in the visible and near
infrared ranges [11, 14]. Contrary to selenide glassy
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system with introduced silver, for the (As»S3)1.+Ag, alloys
the effect of the residual electronic conductivity is, as a
rule, too small. As a rule, at low Ag doping level (not
exceeding several units ppm), (As2S3)1x<Agx glasses are
electrical insulators. Above the percolation threshold in
the Ag doping level (~8 at. %) abrupt changes in ionic
transport were observed, namely a stepwise transition
from the residual electronic to the dominating ionic
conductivity type [12]. A noticeable (by several orders of
magnitude) increase of the electric conductivity parameter
o with an accompanying change of the cationic diffusion
activation energy parameter is a direct reflection of such
percolation transition [11, 15]. Results of distinct changes
in the structure of doped glasses, in particular, due to
possible presence of submicrometer-type inhomogeneities
(phase separation in the as-prepared glass) were revealed
in optical studies [16-21].

In the present work we studied how the content of Ag
in the (As2S3)i<Agc alloys and subsequent thermal
treatment of the samples affect their electrical and optical
properties.

I. Experimental

Bulk glassy (As2S3)i-Agc (0.04 <x<0.40) alloys
were prepared by one-temperature synthesis. Appropriate
amounts of presynthesised As,S; glass and colloidal Ag
were loaded in quartz ampoules evacuated to 10 Pa and
heated to 870 K. At this temperature the melt was kept at
constant stirring for 4 h and rapidly quenched in air.

Binary As>S3 glass was presynthesised from
elemental components (purity 99.999%) in the
stoichiometric ratio in a quartz ampoule evacuated to
102 Pa which was constantly rotated around its axis. The
ampoule was heated to 920 K and quenched in cold water.

The procedure of thermal annealing of the (As>S3)i-
«Ag, alloys was performed in evacuated molten quartz
ampoules at 523 K for 1 and 4 h.

X-ray studies of the (As,S3)i.«Ag, alloys were carried
out using a Proto Manufacturing Ltd diffractometer
equipped with a DECTRIS MYTHEN2R 1D hybrid
photon detector. The measurements were performed in
Bragg-Brentano configuration using a Cu K, X-ray
source.

For electrical measurements the alloys were shaped in
plane-parallel plates with polished surfaces with
approximate dimensions 5x4x0.9 mm. Electric contacts
were provided by two gold electrodes and the
measurements were performed using a specially designed
holder in the temperature range 293440 K. For DC
measurements a B7-30 electrometer was used in a
standard electric circuit.

Direct current (DC) electric conductivity opc was
determined as

d-Ipc
g = —
DC Upc'S

(D
where Ipc is the measured current, Upc is the applied
voltage, and d is the thickness of the sample with a cross-
section S.

Alternate current (AC) electric measurements for
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(As2S3)1Age alloys  were carried out using
electrochemical impedance spectroscopy (EIS) [22] in the
frequency range 1x10' — 3x10°Hz in the temperature
interval 293-383 K using a high-precision LCR-meter AT
2818. The AC amplitude was 500 mV. In this case
samples under investigation could be considered an
equivalent of a capacitor C, with a parallel connected
resistor Rp.

The measurements were performed by a two-
electrode method with gold contacts applied by vacuum
thermal evaporation. The electric conductivity was
calculated from the value of resistance R as o = d/(RS)
where S is the electrode surface and d is the distance
between the electrodes.

Optical transmission spectra of the As>S3:Ag alloys in
the range of 400—1100 nm were measured using a UV-
1700 spectrometer (Macylab Instrument). Refractive
index dispersion of (As,S3)i.Ag. glasses in the spectral
interval of 440—1000 nm was studied using a Horiba Smart
SE spectral ellipsometer. The experimentally obtained
spectra were analysed using DeltaPsi2 software.

An IRAffinity-1S (Shimadzu) Fourier spectrometer
was used for the studies of infrared transmission spectra in
the range of 2-22 pm (450-5000 cm™).

II. Results and discussion

X-ray diffraction (XRD) patterns of as-prepared as
well as thermally annealed (As2S3)icAgy (x=0.2, 0.3, and
0.4) glassy alloys are shown in Fig. 1. XRD measurements
show that the as-prepared (unannealed) samples possess
amorphous structure without any evidence of the presence
of crystalline phases. For high silver content level in the
alloy (x = 0.4) in the diffractograms of the as-prepared
sample weak features were revealed which, with certain
caution, can be related to crystalline inclusions. Detailed
study of the XRD patterns and corresponding analysis
performed earlier [19] enabled us to assume presence of
inclusions of Ass4Ss4 crystalline phase (alacranite) in the
unannealed (As2S3)06Ago.4 alloy.

Meanwhile, thermal annealing of the sample with
x =0.3 in an evacuated quartz ampoule at the temperature
523 K for 1 and 4 h resulted in the formation of another
crystalline phase in the glass matrix (Fig. 1), evidenced by
distinct features in the diffractograms at 28°, 32,5°, and

46.4°. We compared the diffraction patterns with the
reference data for probable crystalline phases of AgAsS,
(smithite [23] and trechmannite [24]), Ag3AsS; (proustite
[25] and xanthoconite [26]) as well as for Ag,S (acanthite
[27D).

Comparison of the diffraction patterns for the
thermally annealed (As2S3)0.7Ago3 alloys with the known
data for the above crystals enabled us to assume that main
crystalline phases emerging in the course of the sample
annealing are smithite and (less probable) proustite. The
presence of the former is supported by the effect of phase
separation, well known for the Ag—As—S glass system [19,
28, 29]. In particular, for synthesised amorphous (As2S3);-
«Ag,. alloys with Ag content exceeding 20 at. %, the
fraction of silver-enriched non-crystalline phase close to
AgAsS; increased [16, 19].
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Fig. 1. XRD patterns of as-prepared as well as thermally
annealed (As2S3)1-<Agx alloys.
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We performed an experimental study of temperature
and frequency dependences of the electric properties of
(As2S3)1-cAgy alloys with various Ag content to elucidate
a possible mechanism of charge transfer in these materials.

The results of the DC electric conductivity
measurements for the as-prepared (As»S3)i«Ag. alloys
with various Ag content are shown in Fig. 2. We revealed
that in this case the electric conductivity value opc in the
alloys  with  relatively small silver  content
(0.04<x<0.20) exponentially  increases  with
temperature and this increase is described by a typical
Arrhenius dependence

AEq
—) @)
where o is the pre-exponential factor, kg is the Boltzmann
constant, AE; is the DC conductivity activation energy, T
is temperature.

Such linear functional dependence In(onc) =f(1/7) for
(As2S3)1<Ag: alloys with 0.04<x<0.2 is generally
typical for semiconducting chalcogenide glasses, for
which for which the electric conductivity is thermally
activated with participation of delocalised energy states in
the energy gap close to its boundaries (density-of-states
tails). Appearance of the latter is mostly caused by
structural disordering, structural defects of various type,
and presence of impurity inclusions [30]. A sharp increase
of the ionic conductivity for (As;S3)i+Ag. glasses at
x> 0.20 is directly related to the increase of the density of
energy states in the charge-carrier limited mobility gap
[31] with overcoming the above mentioned percolation
transition at a certain level of silver doping. Evidently,
introduction of additional amount of Ag atoms will cause
an increase of charge-carrier concentration due to the
appearance of new energy states and will affect the Fermi
level position [32].

For bulk samples with x > 0.3 the electric conductivity
opc at room temperature reaches ~107 S cm’';
meanwhile, at a noticeable increase of temperature a

Opc = 0p " exp(
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deviation from the Arrhenius-type dependence is possible
(See Fig. 2).
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Fig.2. Temperature dependence of DC electric

conductivity opc for as-prepared samples of (As2S3)1xAgx
system.

Graphic plots of the electric conductivity opc versus
inverse temperature for thermally annealed (As2S3)1+Ag:
alloys with x = 0.08 and 0.15 are shown in Figs. 3 and 4,
respectively. From the dependences measured for the
(As$2S3)0.70Ago30 alloy it can be seen that one-hour
annealing of the amorphous samples at 523 K resulted
only in a slight increase of the opc parameter. A similar
result was obtained after thermal annealing for 4 h. Based
on the measurements performed for both as-prepared and
annealed (As2S3)ixAg: (0.04 <x<0.20) samples, the
electric conductivity activated energy AE; was evaluated
and room-temperature conductivity was estimated (Figs. 5
and 6). The AE; was shown to vary slightly with Ag
content within an interval from 0.75 to 0.79 eV.

The obtained dependences and derived AE; parameter
values do not provide sufficient information to judge,
which of the known mechanisms of electric charge
transfer is predominant in the samples under investigation.
One may assume that ionic conductivity of the alloys with
x<0.20 is predominantly determined by hopping
conductivity of charge carriers within the existing density-
of-states tails, as predicted by the Mott model [33].
According to the latter, in this case the activation energy
values AE; are the difference between the Fermi level
energy position and the edge of the bandgap (limited
mobility gap). As a rule, in the alloys under study it
roughly corresponds to half of the optical bandgap value
[34].

The procedure of thermal annealing of the alloys at
523 K for 1 h resulted in an increase of the activation
energy AE; by 0.2 eV (Fig. 6). More durable annealing
(4 h) practically did not lease to essential increase of the
activation energy value (the observed variation is within
the experimental accuracy). The trend of the increase of
the AE; parameter due to thermal annealing of samples
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Fig. 4. Temperature dependence of DC electric
conductivity opc for the as-prepared and thermally
annealed at 523 K for 1 and 4 h (As;S3)1«Ag, alloys
(x=0.3 and 0.4).

with relatively high Ag content observed here is somewhat
different from the results obtained earlier [35] for bulk
Ag(As033S067)1x glasses, for which the conductivity
activation energy AE; decreased with silver content. From
Raman scattering studies of the Ag—As—S system glasses
[16, 17, 19, 29, 36] it is known that introduction of silver
in small quantities leads to structural changes related to
breakage of short S—S chains and bonding of S—-Ag-S
structural elements with pyramidal AsSs; units. The
controversy of our data and the above mentioned results
can be explained by the fact that earlier [35] sulphur-
enriched Ag.(As33Se7)1-x glasses were studied, which are
characterised by better bonding of Ag atoms with short
sulphur chains. In our case, when the general content of
sulphur is much lower, silver has more possibilities to
bond with atoms of different structural groups [19].
Important information can be obtained from the
studies of electric properties of (As2S3)1_<Ag, alloys with
high silver content (x >0.30) using the possibilities of
impedance spectroscopy in AC mode. While studying
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close to Arrhenius-type In(cac) versus 1/7 dependences,
we revealed the same character of variation of electric
conductivity with silver content showing a distinct
percolation stepwise change of the oac value when the Ag
content in the bulk alloys exceeded 20 at.% (See Fig. 7).
Different slope of the linear In(cac) versus 1/T
dependences (Fig. 7) shows the presence of two
components in the AC electric conductivity which depend
on the character of the charge carrier thermal activation.
Consequently, for different temperature intervals the
derived AE; parameters are essentially different (Table 1).

(ASZS 3)0.7U(Ag )G 30
b4 (ASZS 3)0.70(Ag)0‘30 523 KJ 1 h'

(AS.S,)570(AG)s 3523 K, 4
0 (AS;S3)560(A9)040

A

107F

10°

specific conductivity o,;, S/cm

-
e
o

26 2,8

3,0
1000/T, K~
Fig. 7. Graphic plot of the type of the temperature
dependence of AC electric conductivity cac for as-

prepared as well as thermally annealed at 523 K for 1 and
4 h (As2S3)1xAgy alloys (x=0.30 and 0.40).

Table 1.
AC electric conductivity activation energies for (As>S3)1-
xAgx alloys with considerable content of silver (x =0.30

and x = 0.40).
Activation Activation
energy inthe | energy in the
Composition low- high-
temperature temperature
interval, eV interval, eV
(ASQS})GOAg40 0.42 0.73
(ASzS3)7oAg3o 0.29 0.54
(As2S3)70Ag30
annealed 1 h (523 0.27 0.56
K)
(As2S3)70Ag30
annealed4h (523 K) 0.13 0.71

The activation energy determined in the low-
temperature interval increased with silver content
(x=10.30 and x=10.40) from 0.29 eV to 0.42 eV. This
parameter was affected by the duration of the sample
annealing. Meanwhile, the activation energy AEs for the
high-temperature interval increased with silver content
from 0.54 eV to 0.73 eV. Thermal annealing of the sample
with 30 at. % Ag resulted in a decrease of the AE; value
in the low-temperature range: from 0.29 eV for the as-
prepared sample to 0.27 eV and 0.13 eV for the samples
annealed for 1 and 4 h, respectively. For the high-
temperature range, on the contrary, this parameter was
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observed to increase from 0.54 eV (before annealing) to
0.56 eV (annealing for 1 h) and 0.71 eV (annealing for
4 h).

We took into account the specific feature of the AC
electric conductivity for chalcogenide alloys, enriched by
transition metals, when the oac parameter at rather low
frequencies is practically independent of frequency,
demonstrating temperature behaviour almost identical to
opc. However, at high frequencies oac can be affected by
dispersion according to power law [37]. In the high-
temperature interval, the height of the potential barrier for
charge carriers expectedly decreased, hence slightly lower
activation energy AFE; values were obtained. Model of
correlated barrier hopping proposed by Elliott [38] can be
used to explain the cacbehaviour revealed in different
temperature intervals. According to this model, the AC
conductivity is explained by the mechanism of hopping
across the energy barriers by a bipolaron, with which
charge carriers overcome the potential barrier formed by
spatially close D and D~ charges defect centers. In our
case the height of the potential barrier in the high-
temperature interval correlates well with intersite distance
and is due to Coulombic (interband) interaction of charged
defect centers.

We assume that at lower temperatures in the AC
regime hopping conductivity can be revealed, the latter
being mediated by closely located localised states in the
vicinity of the Fermi level, as predicted by the Mott model
(variable range hopping model) [33]. Meanwhile, at
higher temperatures hopping conductivity will reveal
itself with participation of both localised and delocalised
states adjacent to the bandgap edge [35]. Hence, ionic
charge transport can be determined by their hopping from
localised states close to the Fermi level to delocalised
states as well as thermally determined charge carrier
tunneling [39].

It was shown by energy-dispersive X-ray
spectroscopy (EDX) that in bulk (As2S3)1-<Ag, alloys with
x> 0.20 a so-called phase separation of so-called liquid-
liquid type is observed [19, 40], leading to the appearance
of Ag-rich and Ag-poor areas (at micrometer scale).
Introduction of the increasing amount of silver leads to the
fragmentation of the glass local structure with increasing
the relative fraction of Ag-rich areas dominating at the
expense of the related reduction of the Ag-poor phase [18,
35, 41, 42]. It may be assumed that the specific features of
the oac behaviour revealed in the temperature studies with
essentially different AE,; parameter values are related to
thermal activation of charged particles within the Ag-rich
and Ag-poor arcas. We take into account the fact that
charge carriers are accumulated more intensely at the
phase boundaries.

The disclosed features of the temperature
dependences of electric conductivity of the samples with
high Ag content are possibly due to various barriers and
defects on the charge carrier mobility (due to the phase
separation and thermally stimulated formation of new
phases). The observed trend to the increase of the
activation energy AE; with Ag content in the
(As2S3)1-<Agy alloys enables us to assume that for the low-
temperature range a moderate contribution to the
conductivity comes from the low-Ag areas while at higher
temperatures the contribution of Ag-rich areas to the
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charge transfer increases.

Study of infrared absorption spectra of the as-
prepared (As:S3)i«Ag: alloys (Fig. 8) shows that at
x>0.30 the optical transmission coefficient essentially
decreases in a broad spectral range. This is a consequence
of scattering of optical waves on structural
inhomogeneities in the glass, first of all due to
micrometer-scale inhomogeneities in the glass, first of all
due to the observed phase separation of liquid-liquid type
[19, 29, 40].

For all unannealed samples with lower silver content
a deep transmission minimum is observed near 14 pm.
This band is due to multiphonon absorption in
(As2S3)1-Agy alloys (stretching vibrations of As—S bonds)
and, possibly, presence of uncontrolled oxygen (As—O
bond vibrations). With increasing silver content (x > 0.30)
the transmission level sharply decreased what could be
evidence for the increasing absorption by free charge
carriers as well as formation of clusters with participation
of Ag atoms (Ag—Ag separation).

In our earlier study we showed how the increasing
silver concentration affects optical absorption edge in the
as-prepared (As»S3)1-+Ag; alloys in the case of
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Fig. 8. Infrared optical absorption spectra of the as-

prepared (As2S3)1-Agy (0 < x <0.40) alloys.

substantially lower Ag content [20]. The absorption edge
shifted with x towards longer wavelengths, simultaneously
the shape of the lower-energy part of the optical
absorption edge "tail" changed, clearly deviating from the
classical exponential shape. We explained this by silver
increment-induced  compositional and  topological
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structural disordering in glass leading to an essential
increase of the density of localised states in the bandgap.
In our case thermal annealing of the samples resulted in
smearing and decreasing slope of the optical absorption
edge in the (As>S3)1xAg. alloys with x >0.15, as can be
seen from Fig. 9. In order to estimate the optical bandgap
we used classical Tauc method (with certain reservations).
Nevertheless, the optical bandgap Eop: in the (As2S3)1-+Age
alloys was determined as [43]

@ hv=B-(hv - Eyp)’ 3)
where a is the optical absorption coefficient, Av is the
optical photon energy, B is an alloy composition-related
parameter.

Evaluation of the effect of 1-h and 4-h thermal
annealing on the optical bandgap AEq (Fig. 9) shows that
for the (As2S3)1xAg, alloy with x =0.08 variation of this
optical parameter can be neglected (AEqp: ~ 1.95 eV) while
for x = 0.15 the thermal treatment resulted in a
considerable decrease of the optical bandgap AEp: (from
~1.55 eV for the as-prepared to ~1.26 eV for the thermally
annealed alloy).

Ellipsometric studies of the as-prepared and thermally
annealed (As2S3)1+Ag. samples with high Ag content
enabled us to determine their refractive index dispersion
n(A) in the vicinity of the optical absorption edge. As can
be seen from Fig. 10, increasing silver content resulted in
the increase of the refractive index in the whole spectral
range under study. Meanwhile, thermal annealing of the
(As2S3)0.70Ag0.30 sample did not lead to any changes in the
n (L) dependence. Note that thermal annealing also
slightly affected the spectral dependence of transmission
of the (As2S3)1+Agy (x < 0.08) samples in the near-infrared
range.

Conclusions

This study presents analysis of the results of
investigation of electrical and optical properties of bulk
(As2S3)1xAgy (0.04 < x < 0.40) alloys synthesised by one-
temperature synthesis from a mixture of grained As,S3
glass and colloidal silver. Effect of thermal annealing on
the alloy properties was studied. Amorphous structure of
the as-prepared samples was confirmed by X-ray
diffraction. Thermal annealing of (As>S3)iAg, alloys
with high silver content (x = 0.30) led to the formation of
Ag-containing phase inclusions, mostly in the form of
crystalline smithite, in the amorphous alloy matrix.

DC electric conductivity measurement showed that
increase of concentration of Ag as a structural element of
the alloys under study (x> 0.20) resulted in a sharp
stepwise increase of the conductivity (by four to five
orders of magnitude). The increase of the DC conductivity
opc with Ag content in the alloys is most likely due to the
increasing density of localised states in the energy gap.

Temperature dependence of opc shows that in the
materials under study the process of charge transfer is
determined by hopping conductivity of charge carriers
mediated by delocalised states within the density-of-states
tails and localised states in the vicinity of the Fermi level,
as predicted by the Mott model. Thermal annealing of the
(A$2S3)1xAg, with 0.08<x<0.20 for several hours
resulted in an increase of both the electric conductivity opc
and the conductivity activation energy AE; (from 0.75 to
0.79 eV). For the alloys with x = 0.30 thermal annealing
only slightly affected the above parameters.

The study of temperature dependence of the AC
conductivity oac in the alloys under investigation revealed
presence of an additional component in the charge transfer
for the as-prepared and thermally annealed (As>S3)1cAgs
alloys with high silver content (x > 0.30). As a result, for
two different temperature intervals the obtained AFEs
parameter was essentially different. This is caused by the
character of thermal activation of charge carriers in a
medium with structural imperfection, in particular, with
pronounced phase separation. Thermal annealing resulted
in a somewhat decreased optical bandgap Eo for the
(As2S3)1<Ag, alloys with moderate silver content
(x=0.15).

Ellipsometric studies of the spectral dependence of
the refractive index n(A) in the vicinity of the optical
absorption edge and in the near-infrared range for the
(As2S3)1<Ag: (0.08 <x<0.40) alloys showed that
increasing silver content led to an increase of n(A) while
the thermal annealing affected this parameter only
slightly.
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EnexrpodiznuHi Ta ONTHYHI BJACTHBOCTI BillajieHUX cIJIaBIB (AS253)1-xAgx

Inemumym enexmponnoi pisuxu HAHY, m. Yaceopoo, Ypaina, kryshenik@gmail.com;
2Vaiczopodcwvruii nayionanshutl ynicepcumem, Yoiczopoo, Ykpaina;
33axapnamceruii yeopcokuil ynieepcumem im. Pepenya Paxoyi 1l, Bepezoeo, Yrpaina,
‘Bonuncekuti nayionanvruti ynisepcumem imeni Jleci Yrpainxu, JIyyok, Yrpaina

VY cTarTi npeAcTaBicHI pe3yabTaTH BUBYCHHS (i3MYHUX BIACTHBOCTEH CHHTE30BaHHX METOJIOM IapTyBaHHS
po3MIaBy 1 TakoX TepMIUHO BigmaneHnx cruiaBiB (As2S3)ixAg: (0.04 <x<0.40) 3amexHO BiX piBHA
BIPOBa/DKEHHs1 cpibma. Bumipsni B miamasoni Bim 293 nmo 413 K TemmepaTypHi 3aeXHOCTI MHTOMOI
CJIEKTPONPOBITHOCTI JOCIIPKYBaHHX CIUIABIB, 3HATI y PEKUMAX MOCTIHHOTO Ta 3MiHHOTO CTPyMY, IIOKa3alH, 110
JOMIHYIOYHMM € MEXaHi3M TepMiYHO aKTUBOBAHOTO IepecTpUOyBaHHS HOCIIB 3a OCEPEIHULTBA AEITOKATi30BaHIX
CTaHiB y XBOCTax MoOnM3y KpaiB 3a00pOHEHOI 30HM i JIOKaNi30BaHUX CTaHiB moOnu3y piBHs Depmi. Enepris
TepMivHO{ aKTHBaNii iOHHOTO THITy ITPOBIJHOCTI CIUIABIB, Ky OLIHIOBAIN HA OCHOBI 3aKOHY AppeHiyca, 3pocTana
31 30imbuieHHsAM BMmicTy cpibma. s o6’emuux B3ipmiB (As2S3)ixAgy 3 x=0.30 i 0.40 mociimkeHHS
€JIEKTPOTPOBITHOCTI Ha 3MiHHOMY CTPyMi BHSBIIIH ITPUCYTHICTH ABOX CKJIAJOBUX Y MEXaHi3Mi IIEPEHOCY 3apsliB,
3YMOBIICHUX OCOOJMBOCTAMH X HEOJHOPITHOI cTpyKTypH. JlOCIiJDKeHO, sIK 301IbIIeHHS BMIiCTY Ag y cIulaBax
(As2S3)1-xAgy BIIIMBa€ Ha Kpail ONTHYHOTO MOTIMHAHHA, MIMPUHY 3a00pOHEHOT 30HM 1 JHUCHEPCiio MOKa3HHUKa
3aJIOMJIEHHS y BUIUMOMY 1 OJIIDKHBOMY iH(padepBOHOMY Jiana3oHax. Y TepMivHO BiMaJIeHHUX CIUIABaX 3 BUCOKAM
BMiCTOM Ag ONTHYHA IIUPHHA 3a00POHEHOI 30HH 3MEHILYETHCS, @ TIOKa3HUK 3aJIOMJICHHSI 3pOCTaE.

KurouoBi ciioBa: amMopdHi XalbKOTEHIIH, eNEKTPONPOBIAHICTE HA MOCTIHHOMY 1 3MiHHOMY CTpyMi, Kpait
ONITHYHOTO MOTJIMHAHHS, IOKa3HUK 3aJOMJICHHSI.
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