
PHYSICS AND CHEMISTRY 

OF SOLID STATE 
V. 27, No. 2 (2026) pp. 372-381 

 Vasyl Stefanyk Carpathian 

National University 

Section: Physics 

DOI: 10.15330/pcss.27.2.372-381 

ФІЗИКА І ХІМІЯ ТВЕРДОГО ТІЛА 

Т. 27, № 2 (2026) С. 372-381 

Фізико-математичні науки 
 

372 

PACS: 72.80.-r, 78.66.Jg ISSN 1729-4428 (Print) 

ISSN 2309-8589 (Online) 

V.M. Kryshenik1, I.M. Voynarovych1, A.I. Pogodin2, M.J. Filep1,3, V.V. Halyan4, 

M.M. Pop2, V.V. Rubish1, T.Y. Babuka2, A.V.Gomonnai1 

Electrical conductivity and optical properties of annealed  

(As2S3)1-xAgx alloys 

1Institute of Electron Physics, Nat. Acad. Sci. Ukr., Uzhhorod, Ukraine, kryshenik@gmail.com; 
2Uzhhorod National University, Uzhhorod, Ukraine; 

3Ferenc Rákóczi II Transcarpathian Hungarian University, Berehovo, Ukraine; 
4Lesia Ukrainka Volyn National University, Lutsk, Ukraine 

The paper presents the results of study of physical properties of synthesised by melt quenching and thermally 
annealed (As2S3)1-xAgx (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-xAgx 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-xAgx 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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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 

applications in solid-state ionics [10, 11]. 

As2S3 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 10-14 S cm-1 to 10-5 S cm-1 [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 (As2S3)1-xAgx 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)1-xAgx 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 

σ 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)1-xAgx alloys and subsequent thermal 

treatment of the samples affect their electrical and optical 

properties.  

I. Experimental 

Bulk glassy (As2S3)1-xAgx (0.04  x  0.40) alloys 

were prepared by one-temperature synthesis. Appropriate 

amounts of presynthesised As2S3 glass and colloidal Ag 

were loaded in quartz ampoules evacuated to 10-2 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 As2S3 glass was presynthesised from 

elemental components (purity 99.999%) in the 

stoichiometric ratio in a quartz ampoule evacuated to  

10-2 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 (As2S3)1–

xAgx alloys was performed in evacuated molten quartz 

ampoules at 523 K for 1 and 4 h. 

X-ray studies of the (As2S3)1-xAgx 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 Kα X-ray 

source. 

For electrical measurements the alloys were shaped in 

plane-parallel plates with polished surfaces with 

approximate dimensions 5×4×0.9 mm. Electric contacts 

were provided by two gold electrodes and the 

measurements were performed using a specially designed 

holder in the temperature range 293–440 K. For DC 

measurements a B7-30 electrometer was used in a 

standard electric circuit.  

Direct current (DC) electric conductivity σDC was 

determined as 

 

 𝜎𝐷𝐶 =
𝑑∙𝐼𝐷𝐶

𝑈𝐷𝐶∙𝑆
  (1) 

 

where IDC is the measured current, UDC is the applied 

voltage, and d is the thickness of the sample with a cross-

section S. 

Alternate current (AC) electric measurements for 

(As2S3)1-xAgx alloys were carried out using 

electrochemical impedance spectroscopy (EIS) [22] in the 

frequency range 1×101 – 3×105Hz 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 Cp 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 σ = d/(RS) 

where S is the electrode surface and d is the distance 

between the electrodes. 

Optical transmission spectra of the As2S3:Ag alloys in 

the range of 400–1100 nm were measured using a UV-

1700 spectrometer (Macylab Instrument). Refractive 

index dispersion of (As2S3)1-xAgx 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 m (450–5000 cm–1). 

II. Results and discussion  

X-ray diffraction (XRD) patterns of as-prepared as 

well as thermally annealed (As2S3)1-xAgx (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 As4S4 crystalline phase (alacranite) in the 

unannealed (As2S3)0.6Ag0.4 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 AgAsS2 

(smithite [23] and trechmannite [24]), Ag3AsS3 (proustite 

[25] and xanthoconite [26]) as well as for Ag2S (acanthite 

[27]). 

Comparison of the diffraction patterns for the 

thermally annealed (As2S3)0.7Ag0.3 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)1-

xAgx alloys with Ag content exceeding 20 at. %, the 

fraction of silver-enriched non-crystalline phase close to 

AgAsS2 increased [16, 19]. 
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Fig. 1. XRD patterns of as-prepared as well as thermally 

annealed (As2S3)1-xAgx alloys. 

 

We performed an experimental study of temperature 

and frequency dependences of the electric properties of 

(As2S3)1-xAgx 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 (As2S3)1-xAgx alloys 

with various Ag content are shown in Fig. 2. We revealed 

that in this case the electric conductivity value σDC 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  

 

 𝜎𝐷𝐶 = 𝜎0 ∙ 𝑒𝑥𝑝 (−
∆𝐸𝜎

𝑘𝐵𝑇
) (2) 

 

where σ0 is the pre-exponential factor, kB is the Boltzmann 

constant, ΔEσ is the DC conductivity activation energy, T 

is temperature. 

Such linear functional dependence ln(DC) = f(1/T) for 

(As2S3)1–xAgx 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 (As2S3)1–xAgx glasses at 

х ˃ 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 

σDC at room temperature reaches ~10–7 S cm–1; 

meanwhile, at a noticeable increase of temperature a 

deviation from the Arrhenius-type dependence is possible 

(See Fig. 2). 

 

 
Fig. 2. Temperature dependence of DC electric 

conductivity σDC for as-prepared samples of (As2S3)1-xAgx 

system. 

 

Graphic plots of the electric conductivity σDC versus 

inverse temperature for thermally annealed (As2S3)1-xAgx 

alloys with x = 0.08 and 0.15 are shown in Figs. 3 and 4, 

respectively. From the dependences measured for the 

(As2S3)0.70Ag0.30 alloy it can be seen that one-hour 

annealing of the amorphous samples at 523 K resulted 

only in a slight increase of the σDC parameter. A similar 

result was obtained after thermal annealing for 4 h. Based 

on the measurements performed for both as-prepared and 

annealed (As2S3)1-xAgx (0.04 ≤ x ≤ 0.20) samples, the 

electric conductivity activated energy ΔEσ was evaluated 

and room-temperature conductivity was estimated (Figs. 5 

and 6). The ΔEσ was shown to vary slightly with Ag 

content within an interval from 0.75 to 0.79 eV. 

The obtained dependences and derived ΔEσ 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 ΔEσ 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 ΔEσ 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 ΔEσ parameter due to thermal annealing of samples 
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with relatively high Ag content observed here is somewhat 

different from the results obtained earlier [35] for bulk 

Agx(As0.33S0.67)1-x glasses, for which the conductivity 

activation energy ΔEσ 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 AsS3 units. The 

controversy of our data and the above mentioned results 

can be explained by the fact that earlier [35] sulphur-

enriched Agx(As33S67)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–xAgx alloys with 

high silver content (x ≥ 0.30) using the possibilities of 

impedance spectroscopy in AC mode. While studying  

 

 
Fig. 6. Dependence of the DC conductivity activation 

energy ΔEσ on the Ag content in (As2S3)1–xAgx alloys 

before and after thermal annealing.  

 

 

 
a) b) 

Fig. 3. Temperature dependence of DC electric conductivity σDC for the as-prepared and thermally annealed 

(As2S3)1–xAgx compounds: a – (As2S3)0.92Ag0.08, b – (As2S3)0.85Ag0.15. 

 

 
 

Fig. 4. Temperature dependence of DC electric 

conductivity σDC for the as-prepared and thermally 

annealed at 523 K for 1 and 4 h (As2S3)1–xAgx alloys 

(x = 0.3 and 0.4). 

Fig. 5. Dependence of the DC electric conductivity σDC 

determined at room temperature, on the Ag content in 

(As2S3)1–xAgx alloys. 
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close to Arrhenius-type ln(σAC) versus 1/T dependences, 

we revealed the same character of variation of electric 

conductivity with silver content showing a distinct 

percolation stepwise change of the σAC value when the Ag 

content in the bulk alloys exceeded 20 at.% (See Fig. 7). 

Different slope of the linear ln(σAC) 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 ΔEσ parameters are essentially different (Table 1).  

 

 
Fig. 7. Graphic plot of the type of the temperature 

dependence of AC electric conductivity σAC for as-

prepared as well as thermally annealed at 523 K for 1 and 

4 h (As2S3)1-xAgx alloys (x=0.30 and 0.40). 

 

Table 1. 

AC electric conductivity activation energies for (As2S3)1–

xAgx alloys with considerable content of silver (x = 0.30 

and x = 0.40). 

Composition 

Activation 

energy in the 

low-

temperature 

interval, eV 

Activation 

energy in the 

high-

temperature 

interval, eV 

(As2S3)60Ag40 0.42 0.73 

(As2S3)70Ag30 0.29 0.54 

(As2S3)70Ag30 

annealed 1 h (523 

K) 

0.27 0.56 

(As2S3)70Ag30 

annealed4h (523 K) 
0.13 0.71 

 

The activation energy determined in the low-

temperature interval increased with silver content 

(x = 0.30 and x = 0.40) from 0.29 eV to 0.42 eV. This 

parameter was affected by the duration of the sample 

annealing. Meanwhile, the activation energy ΔEσ 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 ΔEσ 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 

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 σAC parameter at rather low 

frequencies is practically independent of frequency, 

demonstrating temperature behaviour almost identical to 

σDC. However, at high frequencies σAC 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 ΔEσ values were obtained. Model of 

correlated barrier hopping proposed by Elliott [38] can be 

used to explain the σACbehaviour 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-xAgx 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 σAC behaviour revealed in the temperature studies with 

essentially different ΔEσ parameter values are related to 

thermal activation of charged particles within the Ag-rich 

and Ag-poor areas. 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 ΔEσ with Ag content in the  

(As2S3)1–xAgx 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 (As2S3)1–xAgx 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 m. 

This band is due to multiphonon absorption in 

(As2S3)1–xAgx 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 (As2S3)1–xAgx alloys in the case of  

 
Fig. 8. Infrared optical absorption spectra of the as-

prepared (As2S3)1-xAgx (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 

 
Fig. 9. Dependence of (αhν)1/2 on the photon energyhν for the as-prepared and thermally annealed  

(As2S3)1-xAgx (x =0.08 and 0.15) alloys. 

 

 
Fig. 10. Refractive index dispersion n(λ) for the as-prepared (As2S3)1-xAgx alloys (0.08 ≤ x≤ 0.40) and thermally 

annealed (As2S3)0.70Ag0.30 alloy. 
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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 (As2S3)1–xAgx 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 Eopt in the (As2S3)1–xAgx 

alloys was determined as [43] 

 

 𝛼 ∙ ℎ𝑣 = 𝐵 ∙ (ℎ𝑣 − 𝐸𝑜𝑝𝑡)
2
  (3) 

 

where α is the optical absorption coefficient, hν 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 ΔEopt (Fig. 9) shows that 

for the (As2S3)1-xAgx alloy with x =0.08 variation of this 

optical parameter can be neglected (ΔEopt ~ 1.95 eV) while 

for х = 0.15 the thermal treatment resulted in a 

considerable decrease of the optical bandgap ΔEopt (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–xAgx samples with high Ag content 

enabled us to determine their refractive index dispersion 

n(λ) 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 (λ) dependence. Note that thermal annealing also 

slightly affected the spectral dependence of transmission 

of the (As2S3)1-xAgx (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)1-xAgx (0.04 ≤ x ≤ 0.40) alloys synthesised by one-

temperature synthesis from a mixture of grained As2S3 

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 (As2S3)1-xAgx 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 

σDC with Ag content in the alloys is most likely due to the 

increasing density of localised states in the energy gap. 

Temperature dependence of σDC 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 

(As2S3)1–xAgx with 0.08 ≤ x ≤ 0.20 for several hours 

resulted in an increase of both the electric conductivity σDC 

and the conductivity activation energy ΔEσ (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 σAC in the alloys under investigation revealed 

presence of an additional component in the charge transfer 

for the as-prepared and thermally annealed (As2S3)1–xAgx 

alloys with high silver content (x ≥ 0.30). As a result, for 

two different temperature intervals the obtained ΔEσ 

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 Eopt for the 

(As2S3)1–xAgx alloys with moderate silver content 

(x = 0.15). 

Ellipsometric studies of the spectral dependence of 

the refractive index n(λ) in the vicinity of the optical 

absorption edge and in the near-infrared range for the 

(As2S3)1–xAgx (0.08 ≤ x ≤ 0.40) alloys showed that 

increasing silver content led to an increase of n(λ) while 

the thermal annealing affected this parameter only 

slightly. 
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Електрофізичні та оптичні властивості відпалених сплавів (As2S3)1–xAgx 
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У статті представлені результати вивчення фізичних властивостей синтезованих методом гартування 

розплаву і також термічно відпалених сплавів (As2S3)1–xAgx (0.04 ≤ x ≤ 0.40) залежно від рівня 
впровадження срібла. Виміряні в діапазоні від 293 до 413 K температурні залежності питомої 

електропровідності досліджуваних сплавів, зняті у режимах постійного та змінного струму, показали, що 

домінуючим є механізм термічно активованого перестрибування носіїв за посередництва делокалізованих 

станів у хвостах поблизу країв забороненої зони і локалізованих станів поблизу рівня Фермі. Енергія 
термічної активації іонного типу провідності сплавів, яку оцінювали на основі закону Арреніуса, зростала 

зі збільшенням вмісту срібла. Для об’ємних взірців (As2S3)1–xAgx з x = 0.30 і 0.40 дослідження 

електропровідності на змінному струмі виявили присутність двох складових у механізмі переносу зарядів, 

зумовлених особливостями їх неоднорідної структури. Досліджено, як збільшення вмісту Ag у сплавах 
(As2S3)1–xAgx впливає на край оптичного поглинання, ширину забороненої зони і дисперсію показника 

заломлення у видимому і ближньому інфрачервоному діапазонах. У термічно відпалених сплавах з високим 

вмістом Ag оптична ширина забороненої зони зменшується, а показник заломлення зростає. 

Ключові слова: аморфні халькогеніди, електропровідність на постійному і змінному струмі, край 
оптичного поглинання, показник заломлення. 
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