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CHEMICAL DEPOSITION OF BISMUTH IODIDE SULFIDE 
SEMICONDUCTOR THIN FILMS

Abstract. Semiconductor compounds play a critical role in devices that convert solar energy into electricity. 
In particular, the BiSI compound is of interest to researchers due to its excellent semiconducting properties 
and narrow band gap (1.59 eV). Bismuth iodide sulfide belongs to photovoltaic materials that can use most 
of the solar spectrum, from the visible to the near infrared wavelength range.

This article discusses the method of chemical deposition of bismuth iodide sulfide semiconductor thin 
films for application as a photoanode in photoelectrochemical cells. The effect of the chemical deposition 
process duration and the addition of polyvinylpyrrolidone on the surface morphology, elemental composition, 
thickness and photoconductivity of the films obtained has been investigated. It was shown that uniform film 
coatings of bismuth iodide sulfide, deposited within 60 minutes, have a particle size of the order of 1 ± 0.2 
μm. Studies of the elemental composition and structure (SEM and XRD methods) showed the presence, 
along with the BiSI phase, secondary phase Bi19S27I3, which is also characterized by a low band gap and high 
photosensitivity. The creation of such a two narrow-gap semiconductors system contributed to an increase 
in the samples photosensitivity. The photoelectrochemical parameters of the deposited BiSI films were 
determined by the PEC method in a 0.5 M Na2SO4 solution under modulated illumination (wavelength 465 
nm). The research results confirmed the n-type conductivity characteristic of bismuth iodide sulfide. The 
presence of a stable photoresponse indicates the possibility of further application of n-BiSI as an alternative 
thin-film material in photoelectrochemical solar cells.

Key words: photoelectrochemical cells, thin films, bismuth thioiodide, bismuth iodide sulfide, solar 
energy conversion.

Introduction. Solar radiation is an efficient and affordable source of «green energy». Converting sunlight 
into electrical energy and chemicals is one of the ways to solve the problems of improving the environmental 
situation and reducing the economic costs associated with the use of fossil fuels [1,2]. Therefore, the 
development of devices for its conversion into electrical and chemical energy is an actual task for modern 
scientists.

Currently, more and more attention is paid to the study of the third generation of solar cells - 
photoelectrochemical cells (PEC), as well as semiconductor compounds based on thin-film materials for 
photoanodes and photocathodes used in the operation of this cells type. PEC cells are a new part of existing 
solar energy conversion technologies alongside solid-state photovoltaic cells and photocatalytic systems. 

An interesting feature of PEC cells is the ability to convert solar energy into electrical energy and water 
splitting to produce hydrogen. Such cells can be part of systems for the accumulate and storage of electrical 
energy [3].

In general, any PEC cell consists of one or two photoelectrodes based on a semiconductor electrode, as 
well as a counter electrode and a reference electrode immersed in a solution. Such a system is characterized 
by photosensitivity due to processes occurring at the semiconductor/electrolyte heterojunction. The photons 
absorption  gives rise to the charge carriers formation with excess free energy, the flow of such charge carriers 
causes an electric current (photocurrent) [4,5].
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Among the wide multicomponent semiconductor compounds variety  capable of absorbing solar radiation, 
the group of compounds AVBVICVII, (A = Bi, Sb; B = S, Se, Te; C = Cl, Br, I) attracts the attention of 
scientists due to diverse of the physicochemical properties [6-8]. In particular, bismuth chalcohalides BiSX (X 
= Cl, Br, I), possessing excellent semiconducting properties and a suitable band gap, are actively studied for 
applications in the photovoltaic industry [9], photoconductivity [10], photocatalysis, and radiation detection 
[11]. 

Bismuth sulfide iodide (BiSI), as one of the typical bismuthchalcohalides, is a promising material for 
the photovoltaic conversion of solar energy. This compound is characterized by a small band gap (1.59 eV) 
and the ability to absorb most of the visible radiation [12]. In addition, the compound has many interesting 
physical properties such as thermoelectric, photoelectric, ferroelectric properties, as well as luminescence 
effects, electro-optical effects, magnetic susceptibility, and electromechanical effects.

Thin BiSI films are obtained by such methods as spray pyrolysis [13, 14], asynchronous ultrasonic spray 
pyrolysis (APUSP) [15], hydrothermal synthesis [16], solvothermal synthesis [17, 18], spin-coating [19, 20].

To date, the chemical method for the synthesis of bismuth sulfide iodide thin films has not been sufficiently 
studied. In [21], to obtain a BiSI film with morphology in the form of crystal needles on an FTO substrate, 
chemical deposition was carried out from aqueous solutions of bismuth, iodine, and thiourea salts dissolved 
in nitric acid. The deposition time was 120 minutes. As a result, BiSI acicular crystallites with a characteristic 
pronounced faceting, 0.2–0.5 µm thick and 10–12 µm long were obtained on the substrate. Crystallites 
grow on the FTO substrate surface from crystallization centers in divergent beams; however, the coating 
is uneven and leaves most of the substrate unfilled. Themostcommon problem withsuchcoating sistheir 
lowphotocorrosionstability.

These studies’ purpose was to develop a technologically simple method of chemical deposition of uniform 
BiSI films on conductive substrates, as well as to study their structure and physicochemical properties. 
Polyvinylpyrrolidone was used to achieve a uniform surface coating.

Materials and methods. BiSI semiconductor compound thin films were prepared by chemical deposition 
from solution onto the glass surface coated with conductive fluorinated tin oxide (FTO).  FTO substrates were 
washed with a soap solution and subjected to boiling in a solution of NH4OH + H2O2 (1:1) and drying before 
the chemical deposition. 

A solution for the chemical deposition of BiSI was prepared as follows: weighed portions of bismuth 
nitrate (0.01M), thiourea (0.1M), potassium iodide (0.015M), and 2.5% by weight of рolyvinylpyrrolidone 
were successively dissolved in HNO3 (0.1M) at 45°C in constant mixing mode. 

The source of sulfide anions was thiourea CS(NH2)2, which decomposes when heated in aqueous solutions, 
with the release of carbon monoxide, ammonia and hydrogen sulfide [22]:

CS(NH2)2 + 2H2O → H2S + CO2 + 2NH3 (1)

When bismuth salt is mixed with thiurea, a thiourea complex is formed. This complex decomposes when 
heated in an acidic medium, and in the presence of iodide ions in the solution, BiSI is formed:

Bi[CS(NH2)2]2(NO3)3 + KI + 4H2O +2HNO3 → (2)BiSI + H2S +  2CO2 + 4(NH4)NO3 +KNO3

During the preparation of the solution bismuth sulfide iodide precipitates on the centers of crystallization in 
the volume of the solution. In order to suppress this process, the solution was filtered off before precipitation. 

To carry out the chemical deposition of BiSI on FTO, the previously prepared substrates were completely 
immersed in a solution heated to 90°C. The duration of the process varied from 15 to 60 minutes. Then the 
films were dried at a temperature of 90°C for 15 minutes.

The elemental composition and surface morphology of the obtained samples were determined by the SEM 
method (JSM6610 LV, JEOL, Japan with microanalysis capabilities). 

X-ray structural analysis (XRD) was performed on a Bruker D8 Advance powder diffractometer using a 
Cu Kα radiation source (λ = 1.541 Å) operating at 40 kV and 40 mA with a scan rate of 2 g/min, range 2θ = 
10-100° with a step of 0.020°.

Photoelectrochemical (PEC) measurements were carried out using a GillACpotentiostat (ACM 
Instruments, England) in a standard three-electrode cell (50 ml volume) with a Pt counter electrode and an 
Ag/AgCl reference electrode (sat. KCl). All electrode potentials in operation are shown with respect to this 
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reference electrode. The photosensitivity of the samples was determined under modulated illumination with 
a light wavelength of 465 nm and an intensity of 1 mW/cm2 from the solution side.

Results and discussion. As a result of chemical deposition with varying process time, uniform coatings 
were obtained from yellow (for 15 minutes of deposition) to dark gray (for 60 minutes of deposition). To 
determine the deposited BiSI films morphology, surface micrographs were taken.

To carry out the chemical deposition of BiSI on FTO, the previously prepared substrates were 
completely immersed in a solution heated to 90°C. The duration of the process varied from 15 to 60 
minutes. Then the films were dried at a temperature of 90°C for 15 minutes.

The elemental composition and surface morphology of the obtained samples were determined 
by the SEM method (JSM6610 LV, JEOL, Japan with microanalysis capabilities). 

X-ray structural analysis (XRD) was performed on a Bruker D8 Advance powder 
diffractometer using a Cu Kα radiation source (λ = 1.541 Å) operating at 40 kV and 40 mA with a 
scan rate of 2 g/min, range 2θ = 10-100° with a step of 0.020°.

Photoelectrochemical (PEC) measurements were carried out using a GillACpotentiostat 
(ACM Instruments, England) in a standard three-electrode cell (50 ml volume) with a Pt counter 
electrode and an Ag/AgCl reference electrode (sat. KCl). All electrode potentials in operation are 
shown with respect to this reference electrode. The photosensitivity of the samples was determined 
under modulated illumination with a light wavelength of 465 nm and an intensity of 1 mW/cm2

from the solution side.
Results and discussion. As a result of chemical deposition with varying process time, 

uniform coatings were obtained from yellow (for 15 minutes of deposition) to dark gray (for 60 
minutes of deposition). To determine the deposited BiSI films morphology, surface micrographs 
were taken.
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a - 15 minutes;b - 30 minutes;c - 45 minutes;d - 60 minutes

Figure 1 - Micrographs of the deposited semiconductor BiSI films surface

According to the scanning electron microscopy image (Figure 1a), the film obtained within 15 
minutes is formed by acicular crystallites having a length of 10–12 µm and a thickness of 0.2–0.5 
µm, and part of the FTO surface area remains unoccupied. This indicates a significant mismatch 
between the FTO crystal lattice and the BiSI crystal lattice, as well as a high value of the activation 
energy for the formation of nuclei of a new bismuth iodide sulfide phase on the FTO surface.

a - 15 minutes;b - 30 minutes;c - 45 minutes;d - 60 minutes
Figure 1 - Micrographs of the deposited semiconductor BiSI films surface

According to the scanning electron microscopy image (Figure 1a), the film obtained within 15 minutes is 
formed by acicular crystallites having a length of 10–12 µm and a thickness of 0.2–0.5 µm, and part of the 
FTO surface area remains unoccupied. This indicates a significant mismatch between the FTO crystal lattice 
and the BiSI crystal lattice, as well as a high value of the activation energy for the formation of nuclei of a 
new bismuth iodide sulfide phase on the FTO surface.

In order to study the effect of the deposition time on the filling of the FTO substrate surface with BiSI 
crystallites, the deposition time was varied from 15 to 60 minutes. As can be seen from Figures 1b, c, d, with 
an increase in the deposition time, the formation of globules with a size of 0.90 μm - 1.17 μm is observed. 
The most densely filled film surface obtained during 60 minutes of deposition, the maximum particle size 
reaches 1.25 microns. 

To study the chemical composition of the deposited BiSI thin films, EDAX spectra were obtained (Figure 2).

In order to study the effect of the deposition time on the filling of the FTO substrate surface 
with BiSI crystallites, the deposition time was varied from 15 to 60 minutes. As can be seen from 
Figures 1b, c, d, with an increase in the deposition time, the formation of globules with a size of 
0.90 μm ­ 1.17 μm is observed. The most densely filled film surface obtained during 60 minutes of 
deposition, the maximum particle size reaches 1.25 microns. 

To study the chemical composition of the deposited BiSI thin films, EDAX spectra were 
obtained (Figure 2).
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a ­ 15 minutes;b ­ 30 minutes;c ­ 45 minutes;d ­ 60 minutes

Figure 2 ­ EDAX spectra of BiSI films

The EDAX spectra shown in Figure 2 confirm the presence of elements Bi, S, I. 
The BiSI compound is characterized by the presence of secondary phases. The triple phase 

diagram Bi­S­I includes 4 triple and more than 15 binary stable compositions [23]. These
compositions, as well as the pure stoichiometric composition of BiSI, are classified as highly 
efficient materials with photoconductivity [24, 25].

Thus, obtaining a BiSI formulation in a 1:1:1 ratio is not a primary concern. In addition, along 
with BiSI, much attention is paid to the synthesis of compounds Bi13S18I2 and Bi19S27I3, since they 
have a small band gap (~ 1.2 eV) and are perspective for use in photovoltaic devices [26].

Studies of the EDAX spectra (Figure 2) and XRD analysis (Figure 3) of the samples showed 
that the system is quasi­binary and includes two ternary compounds ­ BiSI and Bi19S27I3.The 
crystal structure of these compounds is well researched.
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In order to study the effect of the deposition time on the filling of the FTO substrate surface 
with BiSI crystallites, the deposition time was varied from 15 to 60 minutes. As can be seen from 
Figures 1b, c, d, with an increase in the deposition time, the formation of globules with a size of 
0.90 μm ­ 1.17 μm is observed. The most densely filled film surface obtained during 60 minutes of 
deposition, the maximum particle size reaches 1.25 microns. 

To study the chemical composition of the deposited BiSI thin films, EDAX spectra were 
obtained (Figure 2).
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Figure 2 ­ EDAX spectra of BiSI films

The EDAX spectra shown in Figure 2 confirm the presence of elements Bi, S, I. 
The BiSI compound is characterized by the presence of secondary phases. The triple phase 

diagram Bi­S­I includes 4 triple and more than 15 binary stable compositions [23]. These
compositions, as well as the pure stoichiometric composition of BiSI, are classified as highly 
efficient materials with photoconductivity [24, 25].

Thus, obtaining a BiSI formulation in a 1:1:1 ratio is not a primary concern. In addition, along 
with BiSI, much attention is paid to the synthesis of compounds Bi13S18I2 and Bi19S27I3, since they 
have a small band gap (~ 1.2 eV) and are perspective for use in photovoltaic devices [26].

Studies of the EDAX spectra (Figure 2) and XRD analysis (Figure 3) of the samples showed 
that the system is quasi­binary and includes two ternary compounds ­ BiSI and Bi19S27I3.The 
crystal structure of these compounds is well researched.

a - 15 minutes;b - 30 minutes;c - 45 minutes;d - 60 minutes
Figure 2 - EDAX spectra of BiSI films

The EDAX spectra shown in Figure 2 confirm the presence of elements Bi, S, I. 
The BiSI compound is characterized by the presence of secondary phases. The triple phase diagram Bi-S-I 

includes 4 triple and more than 15 binary stable compositions [23]. These compositions, as well as the pure 
stoichiometric composition of BiSI, are classified as highly efficient materials with photoconductivity [24, 
25].

Thus, obtaining a BiSI formulation in a 1:1:1 ratio is not a primary concern. In addition, along with BiSI, 
much attention is paid to the synthesis of compounds Bi13S18I2 and Bi19S27I3, since they have a small band gap 
(~ 1.2 eV) and are perspective for use in photovoltaic devices [26].

Studies of the EDAX spectra (Figure 2) and XRD analysis (Figure 3) of the samples showed that the 
system is quasi-binary and includes two ternary compounds - BiSI and Bi19S27I3.The crystal structure of these 
compounds is well researched. 

It is known that BiSI crystallizes in the orthorhombic space group Pnma with lattice parameters a = 8.529, 
b = 4.172, c = 10.177 Å and z = 4. Bi19S27I3 has a hexagonal lattice, space group P63/m, with parameters a = 
15.640, c = 4.029(2) Å, z = 2/3 [23].

It is known that BiSI crystallizes in the orthorhombic space group Pnma with lattice 
parameters a = 8.529, b = 4.172, c = 10.177 Å and z = 4. Bi19S27I3 has a hexagonal lattice, space 
group P63/m, with parameters a = 15.640, c = 4.029(2) Å, z = 2/3 [23].

a ­ 15 minutes;b ­ 30 minutes;c ­ 45 minutes;d ­ 60 minutes
Figure 3 ­ X­ray diffraction spectra of the films BiSI

X­ray phase analysis data (Figure 1a) confirm the presence of the ternary compound Bi19S27I3

and single­phase BiSI with the corresponding characteristic parameters of the unit cells. In this case, 
the dominant crystal plane directions are (110) for Bi19S27I3 and (220), (160) for BiSI. 

The X­ray diffraction pattern of the sample obtained after 15 minutes of deposition (Figure 
3a) contains high­intensity SnO2 (FTO) reflections, while the BiSI and Bi19S27I3 reflections are 
low­intensity against them.This indicates the unevenness of the coating with the film of the FTO 
substrate, which is confirmed by the micrograph (Figure 1a), in which only partial coverage with 
BiSI acicular crystallites is observed.

The data of X­ray phase analysis of the sample deposited for 30 minutes (Figure 3b) indicate 
the appearance of additional reflections characteristic of bismuth iodide sulfide and the ternary 
compound Bi19S27I3, with the appropriate values of Miller's indices (020); (210); (310); (321); 
(002) and (310); (002). The reflections observed at 15 minutes of deposition and inherent in the 
FTO substrate are less intense at 30 minutes of deposition. This fact indicates a higher occupancy of 
the substrate surface area and is confirmed by SEM micrographs (Figure 1b). 

Figure 3c shows an increase in the intensity of bismuth­containing compounds reflections, as 
well as the appearance of new reflections in the range of angles 30°­60°. In this case, a decrease in 
the intensity of reflections from the substrate is observed. A similar trend is observed in the X­ray 
diffraction pattern in Figure 3d. There is also an increase in the intensity of reflexes that appeared at 
45 minutes of deposition. Based on these data, it can be concluded that the free area of the substrate 
surface decreases and the number of globules increases and their enlargement occurs. The data 
obtained are confirmed by the results of scanning electron microscopy (Figure 1c, d). 

a - 15 minutes; b - 30 minutes; c - 45 minutes; d - 60 minutes
Figure 3 - X-ray diffraction spectra of the films BiSI
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X-ray phase analysis data (Figure 1a) confirm the presence of the ternary compound Bi19S27I3 and single-
phase BiSI with the corresponding characteristic parameters of the unit cells. In this case, the dominant 
crystal plane directions are (110) for Bi19S27I3 and (220), (160) for BiSI. 

The X-ray diffraction pattern of the sample obtained after 15 minutes of deposition (Figure 3a) contains 
high-intensity SnO2 (FTO) reflections, while the BiSI and Bi19S27I3 reflections are low-intensity against them.
This indicates the unevenness of the coating with the film of the FTO substrate, which is confirmed by the 
micrograph (Figure 1a), in which only partial coverage with BiSI acicular crystallites is observed.

The data of X-ray phase analysis of the sample deposited for 30 minutes (Figure 3b) indicate the appearance 
of additional reflections characteristic of bismuth iodide sulfide and the ternary compound Bi19S27I3, with the 
appropriate values of Miller’s indices (020); (210); (310); (321); (002) and (310); (002). The reflections 
observed at 15 minutes of deposition and inherent in the FTO substrate are less intense at 30 minutes of 
deposition. This fact indicates a higher occupancy of the substrate surface area and is confirmed by SEM 
micrographs (Figure 1b). 

Figure 3c shows an increase in the intensity of bismuth-containing compounds reflections, as well as 
the appearance of new reflections in the range of angles 30°-60°. In this case, a decrease in the intensity of 
reflections from the substrate is observed. A similar trend is observed in the X-ray diffraction pattern in Figure 
3d. There is also an increase in the intensity of reflexes that appeared at 45 minutes of deposition. Based on 
these data, it can be concluded that the free area of the substrate surface decreases and the number of globules 
increases and their enlargement occurs. The data obtained are confirmed by the results of scanning electron 
microscopy (Figure 1c, d). 

The photosensitivity of the deposited BiSI films was determined by the PEC method. The dependences of 
the photocurrent on the electrode potential in a 0.5M Na2SO4 solution were obtained (Figure 4).

The photosensitivity of the deposited BiSI films was determined by the PEC method. The 
dependences of the photocurrent on the electrode potential in a 0.5M Na2SO4 solution were 
obtained (Figure 4).

a ­ 15 minutes;b ­ 30 minutes;c ­ 45 minutes;d ­ 60 minutes
Figure 4 ­ Dependence of current density on electrode potential for BiSI electrode

As can be seen from Figure 4, the films obtained in a Na2SO4 solution demonstrate a 
characteristic flow of anodic photocurrent for n­type electrodes. The potential of the photocurrent 
beginning (Eon) for the electrodes is about 0.15V. With an increase in the anodic polarization, the 
photocurrents values increase smoothly, reaching the maximum value of the photocurrent in the 
studied range of potentials at a potential of about 350 mV. For films deposited on the FTO surface 
for 60 minutes, the achieved values remain constant over time (~ 5­7 μA), and change slightly with 
further potential sweep. An increase in the photocurrent value with an increase in the deposition 
time is apparently due to a denser filling of the substrate surface, which makes it possible to 
efficiently absorb a large fraction of the incident light. Along with the photocurrent, a high dark 
current was recorded, which can be explained by the electrochemical oxidation of water molecules
on the FTO surface, a significant part of which is in direct contact with the solution. Water 
molecules are insufficiently active photoholesacceptors and a significant part of the photocharges 
goes to the oxidation of crystal lattice anions  and photodegradation of the semiconductor in 
accordance with the equation:

BiSI + 3h+ → Bi3+ + S + I (3)

In a Na2SO4 solution, the obtained electrodes (Figure 4 a,b,c) undergo photooxidative 
corrosion after several minutes of photopolarization measurements. This data indicates possible 
phase changes in the investigating films. 

Thus, in spite of the photocurrent values that are stable over time, there are high dark current 
values. A possible solution to this problem is doping the film during synthesis or modifying the
surface with metal nanoclusters. This should ensure an increase in the photocurrent values, as well 
as a decrease in photooxidative processes. 

Conclusion. As a result of these studies, a chemical method was developed for the deposition 
of thin semiconductor films of bismuth iodide sulfide on conductive FTO substrates.To increase the 
uniformity of the coating and reduce photocorrosion effects, рolyvinylpyrrolidone was added to the 
composition of the deposition solution.

a - 15 minutes;b - 30 minutes;c - 45 minutes;d - 60 minutes
Figure 4 - Dependence of current density on electrode potential for BiSI electrode

As can be seen from Figure 4, the films obtained in a Na2SO4 solution demonstrate a characteristic flow of 
anodic photocurrent for n-type electrodes. The potential of the photocurrent beginning (Eon) for the electrodes 
is about 0.15V. With an increase in the anodic polarization, the photocurrents values increase smoothly, 
reaching the maximum value of the photocurrent in the studied range of potentials at a potential of about 
350 mV. For films deposited on the FTO surface for 60 minutes, the achieved values remain constant over 
time (~ 5-7 μA), and change slightly with further potential sweep. An increase in the photocurrent value 
with an increase in the deposition time is apparently due to a denser filling of the substrate surface, which 
makes it possible to efficiently absorb a large fraction of the incident light. Along with the photocurrent, a 
high dark current was recorded, which can be explained by the electrochemical oxidation of water molecules 
on the FTO surface, a significant part of which is in direct contact with the solution. Water molecules are 
insufficiently active photoholesacceptors and a significant part of the photocharges goes to the oxidation of 
crystal lattice anions  and photodegradation of the semiconductor in accordance with the equation:
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BiSI + 3h+ → Bi3+ + S + I (3)

In a Na2SO4 solution, the obtained electrodes (Figure 4 a,b,c) undergo photooxidative corrosion after 
several minutes of photopolarization measurements. This data indicates possible phase changes in the 
investigating films. 

Thus, in spite of the photocurrent values that are stable over time, there are high dark current values. A 
possible solution to this problem is doping the film during synthesis or modifying the surface with metal 
nanoclusters. This should ensure an increase in the photocurrent values, as well as a decrease in photooxidative 
processes. 

Conclusion. As a result of these studies, a chemical method was developed for the deposition of thin 
semiconductor films of bismuth iodide sulfide on conductive FTO substrates.To increase the uniformity of 
the coating and reduce photocorrosion effects, рolyvinylpyrrolidone was added to the composition of the 
deposition solution.

Coating continuity was achieved by increasing the deposition time. The thermal drying time of the samples 
at 90°C remained unchanged and amounted to 15 minutes. As a result, upon deposition for 60 minutes, 
uniform bismuth iodide sulfide film coatings with a particle size of the order of 1±0.2 μm were obtained. 

Studies of the composition and structure have shown the presence, along with the BiSI phase, secondary 
phase Bi19S27I3, which is also characterized by a low band gap andhigh photosensitivity.

The secondary phase Bi19S27I3 fraction in the composition of the film increases with deposition process 
prolongation up to 60 minutes. The production of such a system of two narrow-gap semiconductors contributes 
to an increase in the photosensitivity of the samples, as well as a decrease in photocorrosion processes and, 
as a consequence, stabilization of the values of the recorded photocurrents. 

The studies carried out show that the development of methods for obtaining BiSI electrodes is perspective 
for further applications in photoelectrochemical solar cells.
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ВИСМУТ ЙОДИД СУЛЬФИД ЖАРТЫЛАЙ ӨТКІЗГІШ ЖҰҚА ҚАБЫҚШАЛАРЫНЫҢ 
ХИМИЯЛЫҚ ӘДІСПЕН ТҰНДЫРЫЛУЫ

Аннотация. Жартылай өткізгіш қосылыстар күн энергиясын электр энергиясына айналдыратын 
құрылғыларда маңызды рөл атқарады. Атап айтқанда, BiSI қоспасы жартылай өткізгіштік қасиеттері 
мен шағын диапазондағы тыйым салынған аймақ енімен (1,59 эВ) зерттеушілердің қызығушылығын 
тудырады. Висмут сульфид йодид - бұл фотоэлектрлік материал, ол күн спектрінің көп бөлігін 
көрінетін жарықтан жақын инфрақызыл толқын ұзындығына дейін қолдануға мүмкіндік береді.

Бұл мақалада фотоанод ретінде фотоэлектрохимиялық ұяшықтарда қолданылатын висмут сульфид 
иодид жартылай өткізгіш жұқа қабықшаларды химиялық тұндыру әдісі қарастырылды. Химиялық 
тұндыру процесінің ұзақтығы және поливинилпирролидон қоспасымен алынған қабықтардың 
морфологиясына, элементтік құрамына, қалыңдығына және фотоөткізгіштігіне әсері зерттелді. 
Висмут йодид сульфидінің 60 минут ішінде жиналып, біркелкі, жұқа қабықты бөлшектерінің мөлшері 
1 ± 0,2 мкм болатынын көрсетті. Элементтік құрамы мен құрылымын зерттеудің нәтежесінде (СЭМ 
және РФА әдістері) BiSI фазасымен қатар Bi19S27I3 қосындысының қосалқы фазасының болуын 
көрсетті, ол сонымен қатар шағын тыйым салынған аймақ енімен және жоғары фотосезімталдықпен 
сипатталды. Үлгілердің фотосезімталдығының артуына шағын тыйым салынған аймақ енімен 
екі жартылай өткізгіштердің осындай жүйені құруына ықпал етеді. Алынған BiSI пленкалардың 
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фотоэлектрохимиялық параметрлері 0,5 М Na2SO4 ерітіндісінде, модуляцияланған жарықтандыруда 
(толқын ұзындығы 465 нм) РЕС әдісімен анықталды. Зерттеу нәтижелері висмут сульфид 
иодидінің n-типті өткізгіштік сипаттамасын растады. Тұрақты фото-жауаптың болуы n-BiSI-ді 
фотоэлектрохимиялық күн батареяларында балама жұқа қабықты материал ретінде әрі қарай қолдану 
мүмкіндігін көрсетті.

Түйінді сөздер: Фото электрохимиялық ұяшықтар, жұқа қабықшалар, висмут тиойодиді, висмут 
йодид сульфиді, күн энергиясының айналуы.
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ХИМИЧЕСКОЕ ОСАЖДЕНИЕ ПОЛУПРОВОДНИКОВЫХ ТОНКИХ ПЛЕНОК СУЛЬФИД 
ИОДИД ВИСМУТА

Аннотация. Полупроводниковые соединения играют важнейшую роль в приборах, преобразующих 
солнечную энергию в электричество. В частности, соединение BiSI вызывает интерес исследователей 
благодаря превосходным полупроводниковым свойствам и узкой шириной запрещенной зоны (1,59 
эВ). Сульфид иодид висмута относится к фотоэлектрическим материалам, которые могут использовать 
большую часть солнечного спектра, от видимого до ближнего инфракрасного диапазона длин волн.

В данной статье рассмотрен метод химического осаждения полупроводниковых тонких пленок сульфид 
иодид висмута для применения в фотоэлектрохимических ячейках в качестве фото анода. Исследовано 
влияние продолжительности процесса химического осаждения и добавки поливинилпирролидона на 
морфологию поверхности, элементный состав, толщину и фотопроводимость полученных плёнок. 
Показано, что однородные пленочные покрытия сульфида йодида висмута, осажденные в течение 
60 минут, имеют размер частиц порядка 1 ± 0,2 мкм. Исследования элементного состава и структуры 
(методы СЭМ и РФА) показали наличие наряду с фазой BiSI вторичной фазы соединения Bi19S27I3, 
которая также характеризуется малой шириной запрещенной зоны и высокой светочувствительностью. 
Создание такой системы из двух узкозонных полупроводников способствовало увеличению 
фоточувствительности образцов. Фотоэлектрохимические параметры осажденных пленок BiSI 
определяли методом РЕС в 0,5М растворе Na2SO4 при модулированном освещении (длина волны 465 
нм). Результаты исследований подтвердили характерную для сульфид иодид висмута проводимость 
n-типа. Наличие устойчивого фото отклика указывает на возможность дальнейшего использования 
n-BiSI в качестве альтернативного тонкопленочного материала в фотоэлектрохимических солнечных 
элементах.

Ключевые слова: фотоэлектрохимические ячейки, тонкие пленки, тиоиодид висмута, сульфид 
иодид висмута, преобразование солнечной энергии.
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