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STRUCTURAL AND SPECTROSCOPIC STUDY
OF UNDOPED AND Ag-DOPED Sb2S3 POLYCRYSTALS

Ag-doped Sb2S3 polycrystals with silver content up to 10 at.% were obtained by high-tempera-
ture synthesis. Chemical composition of the samples determined by EDX spectroscopy corre-
sponds to the element content in the initial mixture with a rather uniform element distribution
over the sample surface with slight inhomogeneities of Ag distribution. XRD data confirmed
the orthorhombic (stibnite) structure of the synthesized polycrystalline Sb2S3 : Ag ingots, for
the Ag-containing samples AgSbS2 (𝛽-miargyrite) phase was also revealed. Possible presence
of the AgSbS2 phase can also be assumed from Raman measurements performed at low laser
power density (𝑃exc = 4 kW/cm2). Raman spectra at increased 𝑃exc (40 kW/cm2) reveal pho-
tostructural and photochemical transformations, namely the formation of Sb2O3 and elemental
Sb phases due to heating of the sample surface by the tightly focused laser beam.
K e yw o r d s: phase-change materials, X-ray diffraction, energy-dispersive X-ray fluorescence
spectroscopy, Raman spectroscopy, oxidation.

1. Introduction
Antimony trisulfide (Sb2S3) belongs to the class of
phase-change materials for high-performance non-
volatile photonics and exists not only in crystalline
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and amorphous forms, but can also be readily trans-
formed from one form to another by thermal anneal-
ing or laser irradiation [1–6]. Upon switching from
crystalline to amorphous phase, the band gap of
Sb2S3 changes from 2.05 to 1.7 eV [7]. Sb2S3 is char-
acterized by a high refractive index 𝑛, moreover, the
difference between the 𝑛 values in the crystalline and
amorphous phases is also quite considerable [8]. An
important advantage of Sb2S3 compared to tradi-
tional phase-change materials (e. g., Ge2Sb2Te5), is
its very low optical absorption (𝑘 < 10−5) in the
near-infrared and even in the visible spectral range
both in the amorphous and crystalline states. This



Y.M. Azhniuk, A.I. Pogodin, M.J. Filep et al.

enables its application as a medium for building up
neural networks, as an alternative to known phase-
change materials used in tunable photonic devices
[1, 9, 10]. Thermal transport in Sb2S3 is dominated
by the contribution of phonons rather than by elec-
tronic thermal conductivity. This makes it promising
for thermoelectric devices [10]. This chalcogenide ma-
terial has a significant potential for applications in
solar energy conversion [4, 5, 11–14].

Needle-shaped Sb2S3 (stibnite) crystals at room
temperature have an orthorhombic structure (space
group 𝑃𝑏𝑛𝑚) with unit cell parameters 𝑎 =
= 11.3107 Å, 𝑏 = 3.8363 Å, 𝑐 = 11.2285 Å [14]. The
stibnite structure is formed of long (Sb4S6)𝑛 chains
(ribbons) along the [001] direction, a single ribbon
element consisting of two trigonal SbS3 and two
square SbS5 pyramids. The ribbons are linked to-
gether, forming zigzag-type sheets perpendicular to
the (100) plane [14].

Doping Sb2S3 with silver is applied, in particu-
lar, for films with the intention of decreasing their
intrinsic high electrical resistivity that is important
for their application as buffer layers in photovoltaics
as well as of increasing their refractive index thereby
making them attractive for applications in photon-
ics [15]. A quite efficient method to introduce silver
into Sb2S3 is photodoping, or optically induced dif-
fusion and dissolution when a thin layer of Ag is de-
posited onto the sample and subsequently illuminated
to enhance its diffusion into Sb2S3, thereby achieving
the desirable silver content [16]. Sb2S3-based materi-
als with incorporated silver are promising for applica-
tion in rechargeable lithium-ion batteries, mostly as
alternatives for the existing anode materials [17]. In
such a case, the presence of silver accelerates elec-
trochemical processes in the batteries, increases their
lifetime and charging speed as well as reduces the
battery resistance [17].

Here we present the results of our study of poly-
crystalline Sb2S3 and Sb2S3 : Ag ingots by X-ray dif-
fraction (XRD), energy-dispersive X-ray fluorescence
spectroscopy (EDX), and Raman spectroscopy.

2. Experimental

Sb2S3 was synthesized from high-purity elemental Sb
(99.999%) and S (99.9995%) taken in stoichiometric
proportions in evacuated quartz ampoules by a two-
temperature synthesis with the “hot” (Sb-containing)
zone temperature of 650 ∘C. While the interaction

between the components was going on, the ampoule
was gradually moved to the “hot” zone and after the
interaction being finished it was cooled down to room
temperature at a rate 50 K/h. Colloidal silver was
obtained by reduction of AgCl by hydrazine chloride
N2H6Cl2 in an alkaline medium (NaOH). AgCl was
obtained from AgNO3 and KCl dissolved in deionized
water. Purity of AgNO3, KCl, N2H6Cl2, and NaOH
was not worse than 99.95%.

Sb2S3 : Ag samples were synthesized from Sb2S3

and colloidal Ag in evacuated quartz ampoules at
650 ∘C. The melts were kept at this temperature un-
der constant stirring for 4 h and subsequently quen-
ched in air.

The polycrystalline Sb2S3 and Sb2S3 : Ag samples
were studied by X-ray diffraction (XRD) using an
AXRD benchtop diffractometer with Cu K𝛼 radi-
ation and a Ni filter. The chemical composition of
the samples was analysed based on the EDX data
obtained using a Tescan Vega TS5136MM scanning
electron microscope equipped with an Oxford Instru-
ments INCAx-act EDX detector (129 eV resolution
at 5.9 keV). A thin (15–20 nm) film of amorphous
carbon was sputter-deposited on the surface of the
samples to avoid surface charging during measure-
ment of the spectra and EDX mapping. The primary
electron beam energy of 20 keV was used for the el-
emental analysis. The EDX mapping was performed
at a primary electron beam energy of 10 keV.

Micro-Raman spectra of the polycrystalline Sb2S3

and Sb2S3 : Ag samples were measured at room
temperature using an XPloRa Plus spectrometer
(Horiba) equipped with a 532 nm laser and a cooled
CCD camera.

3. Results and Discussion

XRD patterns of the polycrystalline Sb2S3 : Ag in-
gots are shown in Fig. 1. At a first glance, the diff-
ractograms look quite similar for all the samples
(Fig. 1, a), exhibiting a strong similarity to the
reference data for the orthorhombic stibnite struc-
ture (PDF 42-1393 [18]). However, a more careful
look into the narrower range between 25∘ and 35∘
(see the zoomed-in view in Fig. 1, b) shows diffrac-
tion peaks at 27.3∘ and 31.6∘ emerging already at
the lowest silver content (0.02) and increasing in
intensity with increasing silver content. These fea-
tures perfectly match reflections from (111) and (200)
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planes of the cubic structure of AgSbS2 (𝛽-miar-
gyrite) [19, 20], the reference curve being shown in
Fig. 1, b for convenience along with the experimental
data. It may be concluded that in our case polycrys-
talline Sb2S3 : Ag samples with 𝑥 > 0 contain AgSbS2

phase as well. Note that earlier crystallization of cu-
bic AgSbS2 was reported (along with that of stib-
nite) for amorphous Ag𝑥(Sb0.33S0.67)100−𝑥 samples il-
luminated by a 514.5 nm laser light [16, 21] while for
Ag𝑥(Sb0.4S0.6)100−𝑥 samples with Sb-to-S ratio sim-
ilar to ours, photoinduced crystallization of rhombo-
hedral Ag3SbS3 (pyrargyrite) was observed [21].

The content of the Sb2S3 and AgSbS2 phases in
the obtained alloys was quantitatively estimated us-
ing the Rietveld refinement method with the Pow-
derCell2.4 software [22]. The obtained data are sum-
marized in Table 1 showing a relatively good agree-
ment between the Ag content in the initial mixture
and the XRD-based data. A slight deviation is prob-
ably due to the small number of the observed reflec-
tions corresponding to cubic AgSbS2 as well as to
the overlap of diffraction peaks at 31.6∘ and 45.4∘
for both phases. Since the AgSbS2 phase content ob-
tained using the Rietveld method is only slightly
lower than the theoretically calculated value, com-
bined with the absence of diffraction peaks of other
phases, it can be concluded that most of the silver
atoms entered into the composition of the formed
AgSbS2 phase. Note that synthesis, properties, and
applications of AgSbS2 which is a promising mate-
rial for photovoltaics are studied in detail in recent
publications [23–25] and references therein.

EDX spectra measured for the Sb2S3:Ag samples
(Fig. 2) confirmed the presence of silver, antimony,
and sulphur. The inset in the figure shows that the
element content is in good agreement with the content
loaded in the initial mixture.

Table 1. Content of the AgSbS2 phase 𝑦

in Sb2S3 : Ag samples obtained from XRD
data using Rietveld refinement versus
the content of Ag in the initial mixture 𝑥

𝑥, mol. % 𝑦, mass % 𝑦, mol. %

2 1.25 1.44
4 2.54 2.93
6 3.69 4.24
8 5.33 6.11

10 8.31 9.49

Fig. 1. XRD patterns of polycrystalline Sb2S3 : Ag samples
(a) and a zoomed-in view of the same XRD patterns in a nar-
rower range (b) along with the reference AgSbS2 diffractogram
adapted from [19]

EDX mapping of the samples under investigation
was performed to check the uniformity of the element
distribution. Examples of the element maps, along
with the scanning electron microscopy (SEM) image
of the mapped area, are shown in Fig. 3. They revea-
led relatively homogeneous patterns over the scanned
surface area for the elements of interest, with some
areas of increased silver content, seemingly along the
“steps” on the polycrystalline sample surface.
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Fig. 2. EDX spectra of polycrystalline Sb2S3 : Ag sam-
ples. The insets show the element content calculated from the
spectra

The Raman spectrum of a bulk polycrystalline
Sb2S3 sample measured at the excitation with a low
𝑃exc = 4 kW/cm2, is shown in Fig. 4. It is well known
from group-theoretical analysis that the phonon spec-
trum of Sb2S3 includes in total 30 Raman-active
modes (10𝐴𝑔 + 5𝐵1𝑔 + 10𝐵2𝑔 + 5𝐵3𝑔) [3, 26, 27]. The
most detailed recent polarized Raman study per-
formed on Sb2S3 single crystals (stibnite) and poly-
crystals using multiple excitation wavelengths and
low temperatures as well as comparison with the cal-
culation data claims symmetry assignment and iden-
tification of all 30 modes, although some of them
are not observed as distinct peaks, but can be iden-
tified after deconvolution of the experimental spec-
tra [27]. Our measurements, performed for polycrys-
talline samples, reveal a less extensive set of features,

similar to those observed earlier by other groups for
bulk [26, 28–30] and thin-film [3, 15, 18, 31–34] poly-
crystalline Sb2S3.

As can be seen from Fig. 4, the most pronounced
peaks are the higher-frequency ones, with maxima
in the range from 280 to 311 cm−1. Interestingly,
two Raman spectra of the same polycrystalline Sb2S3

sample measured under similar conditions at differ-
ent spots on the sample surface exhibit the higher-
frequency maximum at quite different frequency po-
sitions, 302 and 311 cm−1 (see the two bottom curves
in Fig. 4). Likewise, Raman studies of Sb2S3 poly-
crystals by other authors also reported the highest-
frequency peak at 303–305 cm−1 [3, 29, 30, 32] or at
310–312 cm−1 [18,27,33]. Moreover, in an earlier pub-
lication [26], three distinct features were revealed for
Sb2S3 in this spectral range, being even more pro-
nounced at low-temperature measurements.

The peak at 281 cm−1 is assigned to 𝐴𝑔 symmetry
[3, 15, 18, 26, 32, 34]. However, opinions on the assign-
ment of the maximum at 303–305 cm−1 vary: some
authors relate it to 𝐴𝑔 symmetry vibration [3, 26]
while others ascribe it to 𝐵1𝑔 [32]. Opinions on the
assignment of the highest-frequency peak at 310–
312 cm−1 are also different: it is considered an 𝐴𝑔

symmetry vibration [27, 33, 34], a 𝐵𝑔 [3, 15] or a 𝐵2𝑔

[26] symmetry one. Our measurements were unpolar-
ized, and the samples were polycrystalline; hence we
have no own experimental data to rely on for the
symmetry assignment, however, in our opinion, the
conclusions of [27] seem more trustworthy since they
are based on their own polarized spectra measured
for a single crystal at multiple wavelengths and are
supported by their calculations.

In our measurements for Sb2S3 the two higher-
frequency bands above 300 cm−1 are not resolved,
one of them being more intense while the other is
masked by the more pronounced band. Since the ex-
periment was carried out for polycrystalline samples,
different preferred orientations of crystallites in the
probed volume of the sample can be the reason for
the observed discrepancies in intensities and even in
the number of the Sb2S3 bands revealed in this spec-
tral range.

As noted above, the crystalline structure of Sb2S3

contains pyramidal units of two types, namely,
SbS3 and SbS5 [3, 14]. The Raman features at 280–
282 cm−1 and 303–305 cm−1 are ascribed to antisym-
metric stretching vibrations of Sb–S bonds [18]. In a
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Fig. 3. Scanning electron microscopy (SEM) image and EDX-based maps of element (Ag, Sb, and S)
content distribution for the Sb2S3 : Ag sample with 2 at.% Ag

recent paper [3], the lower-frequency band is related
to the Sb–S bond vibration in trigonal SbS3 pyramids
while the higher-frequency peak is related to that in
SbS5 units. Such an assignment seems quite reason-
able since bond lengths in SbS3 and SbS5 pyramidal
units are slightly different because of different coordi-
nation environment [14]. The highest-frequency peak
at 311 cm−1 corresponds to symmetric stretching vi-
brations of Sb–S bonds [18, 33].

Lower-frequency features, which are less pro-
nounced, nevertheless clearly correlate with the data
of earlier studies and are assigned to 𝐴𝑔 (155 cm−1)
[3, 15, 33, 34], 𝐴𝑔 (190 cm−1) [3, 15, 26, 33], and
𝐵1𝑔/𝐵3𝑔 (237 cm−1) [3,15,26,33,34] symmetry vibra-
tions. Exceptionally, the 190 cm−1 band is attributed
to 𝐵2𝑔 symmetry by the authors of Ref. [34].

Adding silver to the sample composition in the
amount up to 10 at.% does not lead to striking
changes in the Raman spectra (see Fig. 4). As the
XRD data give clear evidence for the presence of
AgSbS2 crystallites in the silver-containing samples,
one could expect characteristic AgSbS2 Raman bands
to appear with increasing Ag content. In fact, in the
spectrum of the Sb2S3 : Ag sample with 10 at.% Ag
one can observe a weak feature at 254 cm−1, the
intensity of which only slightly exceeds the noise
level. This frequency corresponds to the most pro-
nounced Raman peaks of miargyrite at 250 cm−1 [35]
or cuboargyrite at 254 cm−1 [15] (monoclinic and
cubic modifications of AgSbS2, respectively). One
can claim that, even in spite of the weak intensity,
the presence of the discussed feature in the Raman
spectrum of Sb2S3 : Ag (10 at.% Ag) supports the
conclusion regarding the existence of a crystalline
AgSbS2 phase in the samples based on the XRD
data (Fig. 1, b) which is in itself quite convincing. Al-
ternatively, one may assume that the weak maximum

at 254 cm−1 can be a signature of antimony oxide
Sb2O3 which is known to possess an intense Raman
feature at this frequency [38]. However, contrary to
AgSbS2, the XRD measurements did not confirm the
presence of Sb2O3 phase in the sample (Fig. 1).

Raman spectra of Sb2S3:Ag polycrystals measured
at a higher 𝑃exc = 40 kW/cm2 (Fig. 5), however, are
drastically different from those obtained at a lower
𝑃exc. New intense peaks are observed in all samples
near 104, 115, 146, 187, 249, 367, and 446 cm−1.
These features are revealed in the spectra of all sam-
ples, independent of the silver content, being much
more intense than the most pronounced Sb2S3 max-
ima observed at a lower 𝑃exc, which in this case
are seen as a rather smeared background at 280–
300 cm−1. Only in the undoped Sb2S3 sample one can
clearly observe the two maxima at 275 and 295 cm−1

(slightly shifted downward with respect to the low-
𝑃exc measurements) in this spectral range.

Spectral positions and intensities of most of the
newly emerged peaks remarkably coincide with the
values for senarmontite, a cubic modification of
Sb2O3. Technically, one can relate the peak at
∼187 cm−1 to polycrystalline Sb2S3, since the spec-
trum of the latter at a low 𝑃exc contains a weak
feature at a close frequency (see Fig. 4). However,
the intensity of the ∼187 cm−1 peak, much higher
than those of the higher-frequency peaks (generally
the most prominent for Sb2S3), suggests that the fea-
ture is related to a different phase, namely Sb2O3,
which can be formed on the Sb2S3 surface under laser
irradiation.

It should be noted that the spectral position of
the intense Raman peak at 249–250 cm−1, emerg-
ing in the spectra of Sb2S3 : Ag polycrystals measured
at 𝑃exc = 40 kW/cm2, coincides with that of the
dominating feature reported at 250 cm−1 for crys-
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Fig. 4. Raman spectra of bulk polycrystalline Sb2S3 : Ag
samples measured at the excitation with 𝜆exc = 532 nm and
𝑃exc = 4 kW/cm2. Two spectra presented for the Sb2S3 sam-
ple measured from two different spots demonstrate the diver-
sity related to the sample polycrystallinity

talline AgSbS2 (miargyrite) [35]. Therefore, one may
be tempted to assume that possible photoinduced
formation of AgSbS2 crystallites also contributes to
the high intensity of the discussed peak at 249–
250 cm−1. A careful look at the intensity ratio of the
emerging ∼250 cm−1 and ∼187 cm−1 peaks would
not clarify the issue in this case since this ratio in
the spectra of Sb2O3 [29] and AgSbS2 [35] appears
quite similar. Hence, the observed independence of
the discussed ratio on the silver content in the sam-

Fig. 5. Raman spectra of bulk polycrystalline Sb2S3 : Ag
samples measured at the excitation with 𝜆exc = 532 nm and
𝑃exc = 40 kW/cm2

ples (Fig. 5) does not provide any clarification with-
out further studies. Note that the appearance of the
AgSbS2 phase upon annealing was assumed in an ear-
lier study [15] based on the emerging ∼250 cm−1

peak, however, in our opinion, such an explana-
tion is not sufficiently substantiated since, similar to
our case, this feature can equally result from Sb2O3

formed due to thermal oxidation. Meanwhile, anneal-
ing of amorphous Ag–Sb–S films with much higher sil-
ver content than that in our case clearly showed the
formation of cubic and monoclinic AgSbS2, as well as
monoclinic and hexagonal Ag3SbS3 phases [36].
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The lower-frequency features near 115 and
150 cm−1, on the contrary, are not observed for
Sb2O3, but are typically assigned to elemental anti-
mony [29] which is known to possess 𝐸𝑔 and 𝐴1𝑔 mo-
des, respectively, at these frequencies [37].

Evidently, Raman fingerprints of Sb2O3 and ele-
mental Sb (as well as possibly AgSbS2) can arise in
the spectra of the samples due to photochemical re-
actions on their surface initiated, first of all, by local
heating of the sample in the laser spot [29]. The re-
action occurs within first seconds after the onset of
illumination. From the spectrum of the Sb2O3-related
features one may conclude that oxidation of the sam-
ple surface leads to the formation of cubic senarmon-
tite, not its orthorhombic isomorph valentinite which
has a quite different set of Raman peaks [38, 39], or
another antimony oxide Sb2O4 (cervantite) with the
strongest peak near 200 cm−1 [38]. However, the pos-
sibility of formation of valentinite should not be com-
pletely excluded since the most intense feature of the
latter is reported at 142–143 cm−1 [38, 39]; hence it,
along with the 𝐴1𝑔 vibration of elemental Sb, can
contribute to the maximum observed in Fig. 5 at
139–142 cm−1. Here one should keep in mind that
the mentioned literature data refer to room tempera-
ture, however, in our case, due to the local heating of
the sample by the above-bandgap laser light, the ac-
tual Raman frequencies are expected to be somewhat
lower. Hence, the feature observed at 139–142 cm−1

(Fig. 5) due to the increased temperature in the laser
spot, is quite likely to correspond to the 𝐴1𝑔-type
vibration of elemental Sb reported at room temper-
ature at 150 cm−1 [37]. Note that the Raman spec-
tra measured at 𝑃exc = 40 kW/cm2, are similar for
all samples under study, independent of the silver
content.

Note that Raman features of elemental Sb and
Sb2O3 were also revealed at elevated 𝑃exc in an ear-
lier study of Sb2S3 by other authors [29]. The ef-
fect of photooxidation of Sb2S3 is an important is-
sue leading to the degradation of Sb2S3-based optical
phase-change materials; therefore, in order to prevent
it, Sb2S3 films can be passivated by ZnS/SiO2 lay-
ers [34].

In the Raman experiment, after the sample hav-
ing been subjected to 532 nm laser illumination at
𝑃exc = 40 kW/cm2 initiating the above photochemi-
cal transformations, we performed one more Raman
measurement from the same spot on the surface at a

Fig. 6. Raman spectra of bulk polycrystalline Sb2S3 measured
at the excitation with 𝜆exc = 532 nm and at 𝑃exc = 4 kW/cm2

measured from the same spot on the sample surface after the
measurement at 𝜆exc = 532 nm and at 𝑃exc = 40 kW/cm2

reduced 𝑃exc = 4 kW/cm2 (Fig. 6). One can clearly
see that the Sb- and Sb2O3-related features remain
in the spectra, showing that the oxidation effects on
the sample surface are irreversible. It is clearly seen
that the spectral positions of the Sb- and Sb2O3-
related peaks are slightly higher than those measured
at 𝑃exc = 40 kW/cm2, thereby showing the difference
between the temperatures attained due to the sample
heating by the laser beam at different 𝑃exc values.

Although the thermal effect of the laser illumina-
tion during the Raman measurement is generally con-
sidered the most essential mechanism of the photo-
chemical and photostructural transformations on the
Sb2S3 : Ag sample surface, one should also mention
the possibility of a nonthermal mechanism of pho-
toinduced changes. In particular, it is known to be
responsible for photosoftening of amorphous arsenic
chalcogenides resulting in the formation of nanocrys-
tals with the participation of dopant atoms [40, 41]
and for Sb2S3 and Sb2S3 : Ag one should likewise con-
sider the possibility of nonthermal effects resulting
in the observed photochemical transformations. In an
attempt to at least partly separate the thermal and
nonthermal effects, we performed Raman measure-
ments of the polycrystalline Sb2S3 sample immersed
in isopropanol to provide essential heat dissipation
from the measurement area as well as to eliminate
access of ambient air to the sample surface. We as-
sumed that this would reduce the thermal effect of
the incident light on the sample surface and pre-
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a b
Fig. 7. Raman spectra of bulk polycrystalline Sb2S3 (a) and Sb2S3 : Ag (10 at.%) (b) immersed in iso-
propanol measured at the excitation with 𝜆exc = 532 nm and various 𝑃exc values. The isopropanol peaks
are marked by asterisks

vent (or at least hinder) the surface oxidation in
the laser spot.

Raman spectra of the Sb2S3 and Sb2S3 : Ag
(10 at.%) samples immersed in isopropanol are shown
in Fig. 7. It is clearly seen from the figure that at 𝑃exc

up to 400 kW/cm2 no features related to Sb2O3 are
revealed which means that in this case photooxida-
tion does not occur on the sample surface under laser
illumination. Evidently, liquid isopropanol not only
dissipates heat from the sample surface, but, which
in this case seems more important, blocks supply of
oxygen from the ambient air thereby preventing oxi-

dation. However, a rather weak feature at 138 cm−1,
related, as noted above, to elemental Sb, appears al-
ready at 𝑃exc = 40 kW/cm2 and noticeably increases
in intensity with 𝑃exc, becoming the dominating peak
in the spectrum at 𝑃exc = 200 kW/cm2. As the Sb2S3

decomposition under laser irradiation is most likely
due to a thermal mechanism, one can assume that
dissipation of heat from the laser spot by liquid iso-
propanol is insufficient to prevent this reaction at high
𝑃exc values.

It seems important to note that the choice of iso-
propanol as a liquid used to isolate the Sb2S3 sam-
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Fig. 8. Raman spectra of bulk polycrystalline Sb2S3 im-
mersed in water measured at the excitation with 𝜆exc = 532 nm
and various 𝑃exc values

ple surface from ambient oxygen is quite reason-
able not only due to the absence of intense Ra-
man peaks directly in the spectral range of inter-
est (which is not the case, for instance, for toluene),
but also due to the above-mentioned non-reactivity
of isopropanol. For instance, Raman spectra of the
Sb2S3 sample immersed in deionized water measured
at 𝑃exc ≥ 40 kW/cm2 clearly show the appearance
of a Sb2O3-related feature near 250 cm−1 evidently
due to the photochemical reaction of antimony atoms
with oxygen released from the water (Fig. 8).

4. Conclusions

Sb2S3 : Ag polycrystals with silver content up to
10 at.% were obtained by high-temperature synthe-
sis. Chemical composition of the samples determined
by EDX spectroscopy corresponds to the element con-
tent in the initial mixture. The element distribution

over the samples measured by the EDX mapping is
rather uniform with slight inhomogeneities in the sil-
ver distribution. XRD data confirmed the orthorhom-
bic (stibnite) structure of the synthesized polycrys-
talline Sb2S3:Ag ingots, the Ag-containing samples
exhibiting the presence of the AgSbS2 (𝛽-miargyrite)
phase as well.

Raman spectroscopy data measured at low laser
power density (𝑃exc = 4 kW/cm2) suggest possible
(although not unambiguous) presence of the AgSbS2

phase, thereby supporting the XRD data. Raman
measurements at increased 𝑃exc (40 kW/cm2) re-
vealed photostructural and photochemical transfor-
mations, namely the formation of Sb2O3 and elemen-
tal Sb phases due to heating of the sample surface
by the tightly focused laser light. Raman measure-
ments performed for the samples immersed in liquid
isopropanol prevent the sample oxidation by blocking
access of air to the laser spot, hence, contrary to mea-
surements in air, no features of Sb2O3 are observed
in the Raman spectra measured at elevated 𝑃exc. The
observed tendency of the material towards the sur-
face oxidation under laser light indicates that surface
passivation should be considered during the fabrica-
tion of Sb2S3 thin film-based optical phase-change el-
ements.
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СТРУКТУРНЕ ТА СПЕКТРОСКОПIЧНЕ
ДОСЛIДЖЕННЯ НЕЛЕГОВАНИХ I ЛЕГОВАНИХ
СРIБЛОМ ПОЛIКРИСТАЛIВ Sb2S3

Легованi срiблом полiкристали Sb2S3 зi вмiстом срiбла до
10% отримано шляхом високотемпературного синтезу. Хi-
мiчний склад зразкiв, визначений за даними EDX-спект-
роскопiї, вiдповiдає вмiсту елементiв у вихiднiй сумiшi
при досить рiвномiрному розподiлi елементiв по поверхнi
зразка з незначними вiдхиленнями в розподiлi Ag. Данi
рентгенiвської дифрактометрiї пiдтвердили орторомбiчну
(стибнiт) структуру синтезованих полiкристалiчних зраз-
кiв Sb2S3 : Ag; для срiбловмiсних зразкiв також проявляє-
ться кристалiчна фаза AgSbS2 (𝛽-мiаргiрит). Про ймовiр-
ну присутнiсть фази AgSbS2 також можуть свiдчити рама-
нiвськi спектри, вимiрянi при низькiй поверхневiй густинi
потужностi лазерного опромiнення 𝑃exc = 4 кВт/см2). Ра-
манiвськi спектри при пiдвищенiй поверхневiй густинi поту-
жностi опромiнення (𝑃exc = 40 кВт/см2) свiдчать про фото-
структурнi та фотохiмiчнi перетворення, зокрема про утво-
рення фаз Sb2O3 та елементного Sb внаслiдок нагрiвання
поверхнi зразка сильно сфокусованим лазерним променем.

Ключ о в i с л о в а: фазозмiннi матерiали, дифракцiя рент-
генiвських променiв, енергодисперсiйна рентгенофлуоре-
сцентна спектроскопiя, раманiвська спектроскопiя, окис-
нення.
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