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When studying the ternary system Sb2S3-Sn(Pb)S-Bi2Ss, it was established that in the Sn(Pb)Sb2Ss-
Sn(Pb)Bi2S4 sections a quaternary compound with the composition SnSbBiS4 and PbSbBiS4 is formed. And in the
SnSbBiSs-SnS system, solid solutions are formed based on the initial components. Their electrical conductivity
and temperature dependence of thermoelectric properties have been studied over a wide range. The results of
measuring the temperature dependence of electrical conductivity, the samples have a semiconductor conductivity
throughout the entire temperature range. It was established that all samples are n-type semiconductors. The
compound SnSbBiS4 and PbSbBiS4 have high photosensitivity in the IR region of the spectrum. At operating

voltage 10-20 V, Ra/ Ri 1.1-10%+1.4-103.
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Introduction

Currently, ternary semiconductors based on tin,
antimony and sulfur elements Sn(Pb).Sb(Bi),S(Se,Te).
have been presented as interesting materials in some
technological applications such as solar cells [1-9],
thermoelectric conversion energy [10] and sensors [11-
14].

Moreover, these compounds could open up new
opportunities for materials for solar energy and
thermionics. Applications because they are abundant and
stable compounds with easily controlled both surface and
bulk properties. Among them, SnSb,S4 has been studied
as a captivating sulfosel. Material as previously reported
[15-18]. However, its electrical as well as thermal
properties have not been widely studied. Compounds of
type and, as well as complex solid solutions based on
them, are the best thermoelectric materials, having a high
thermoelectric effect at 300-900 K.

Using complex methods of physicochemical analysis,
we studied the systems SnSb,S;—SnBixSs, PbSb,Ss—
PbBi,S4and SnSbBiS4—SnS in a wide concentration range.
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It has been established that in the SnSb,S;~SnBi»S4
section it is characterized by the formation of one
quaternary compound of the composition SnSbBiS4 and
narrow regions of solid solutions based on the ternary
sulfidle SnBi,Ss (Fig. 1) [19,20]. The quaternary
compound SnSbBiS4 melts congruently at 880 K.

The SnSbBiSs—SnS system is a quasi-binary section
of the quasi-ternary system Sb,S;—SnS-Bi,S3; its phase
diagram is of the eutectic type (Fig. 2). The section is
characterized by narrow areas of homogeneity based on
the initial components[21].

The PbSb,S4+—PbBi»S4 section is a partially quasi-
binary section of the Sb,S;—PbS-Bi,S; quasi-ternary
system (Fig. 3). When the ratio of the initial components
is 1:1, a quaternary compound of the composition
PbSbBiS; is formed, which melts congruently at
870 =5 K [22].


mailto:chemminfo@gmail.com

Preparation and some electrophysical properties of the compound Sn(Pb)SbBiS4 and solid solutions based ...

I. Experimental part

Previously, electrophysical properties of solid
solutions containing (SnSbBiS4)i1x(SnS)x (x =0.01;
x =0.03; x =0.05), SnSbBiS4 and PbSbBiSs compounds
were not studied. In order to measure physical properties,
1, 3 and 5 mol.% SnS samples, SnSbBiS4 and PbSbBiS,
compounds were re-synthesized based on SnSbBiS, cross-
section SnSbBiS4-SnS by complex methods of physico-
chemical analysis. The synthesis of the samples was
carried out by the direct synthesis method in a heat-
resistant quartz ampoule with air sucked up to 0.133 Pa.
The temperature of the synthesized ampoule was heated
up to 900K at a rate of 100/K per hour and kept at that
temperature for 3 hours. During the synthesis process, the
samples were mechanically mixed several times for
complete chemical interaction. The obtained alloys were
placed in the furnace at a temperature of 600-650 K for
50-55 hours. To measure the electrophysical properties,
solid solution alloys based on SnSbBiS4, samples of
SnSbBiS, and PbSbBiSs compounds were cut in the shape
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of a parallelepiped of ~3x4x10 mm in an electric spark
device. In order to remove the damaged layer formed on
the surface after cutting, the surface of the alloys was
electrochemically etched in KOH+C¢HsOs+H>O solution
at room temperature (300K) after cutting. The wear time
was 20-23 seconds, and the density of the current flowing
through the sample was 0.5 A/cm?. Electrical contacts
(mass %): drawn using (47Bi+53Sn) composition
ZnClL+NH4CI+NiCl,+H>O size. Electrical conductivity
(o) and thermo-e.h.q. of solid solution alloys based on
SnSbBiSs. (a) values were measured by potentiometric
method.

I1. Results

The electrical properties of (SnSbBiS4)1.«(SnS)x and
the compounds SnSbBiS4 and PbSbBiS; were studied over
a wide temperature range. The results of measuring the
temperature dependence of their electrical conductivity
are presented in Fig. 4. 5. The measurement showed that
all the studied samples have a semiconductor conductivity
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Fig. 1. Phase diagram of the SnSb,S4+—SnBi,S4 system [19,20].
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Fig. 2. Phase diagram of the SnSbBiS;—SnS system [21].
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Fig. 3. Phase diagram of the PbSb,S;—PbBi,S4
system [22].
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Fig. 6. Temperature dependence of thermo-emf of solid
solutions (SnSbBiS4);x(SnS)x: 1 —x=0.03;
2-x=0.05;3-x=0.01.

throughout the entire temperature range.

All compositions are initially characterized by a
region of impurity conductivity. Then, starting from
500 K for the (SnSbBiS4)i-«(SnS)x alloys, a stronger
increase in electrical conductivity with temperature is
observed, associated with the appearance of intrinsic
conductivity.

The study showed that the replacement of tin with
bismuth and stibium in the SnS crystal lattice leads to a
decrease in AE values.

The temperature dependences of the thermo-emf
coefficient of solid solutions are shown in Fig. 6. For all
samples they have the same character, typical for
compounds of the ATVBY! type and solid solutions based
on them, i.e. at the beginning a increases linearly with
temperature, then passes through a gentle maximum, after
which its monotonic decrease is observed. This behavior
of the thermo-emf coefficient is most likely associated
both with the appearance of carriers of the second sign in
the main valence band and with the approaching region of
intrinsic conductivity.

The results of the study allow us to make the
assumption that the complex band structure characteristic
of chalcogenides of elements of the germanium subgroup
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Fig. 5. Temperature dependence of electrical
conductivity of compounds PbSbBiS4 (1), SnSbBiS4
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Fig. 7. Temperature dependence of thermo-emf of
compounds PbSbBiS4 (1), SnSbBiS4 (2.)

and solid solutions based on them also occurs in the
materials studied, which is why such a complex change in
kinetic coefficients is observed depending on temperature.
In Figure 7, the temperature dependence of the of thermo-
emf (o) for PbSbBiS4s and SnSbBiSs compounds is
presented. It was found that in both samples, with
increasing temperature, the thermoelectric power factor
initially increases, reaching its maximum in the range of
400-500 K, and then shows a tendency to decrease. For
the PbSbBiSs compound, the maximum value of o is
approximately 160 mkV/K, while for the SnSbBiS4
compound this value reaches 210-220 mkV/K. The
decrease of the thermoelectric power factor in the high-
temperature region for both compounds can be explained
by the increase in carrier concentration. A comparison
shows that the SnSbBiS4 compound possesses higher
thermoelectric parameters, which proves its promising
potential. The results clearly demonstrate that the
thermoelectric power factor strongly depends on both the
composition of the materials and the temperature range.
This dependence highlights the importance of selecting
the optimal temperature region for the efficient application
of thermoelectric materials.

A study of the temperature dependence of the
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compound SnSbBiS, and PbSbBiS;, (Fig. 5) showed that resistances have the values R=9.2:10°+4.5-10°,
the temperature dependence of electrical conductivity is R.=1.3-107+0.8-107 at an operating voltage of 10-20 V and

semiconductor in nature. The calculated band gaps for illumination of 3.5-10"" lux. This connection has
SnSbBiSs; and PbSbBiSs are 1.20 and 0.94 eV, R#/Ri = 1.1:103+1.4-10%, which is suitable for the
respectively. Based on the sign of the thermo-emf, it was development of photoresistors and can be used in the
determined that these compounds are semiconductors with manufacture of energy converters. The compound

n-type conductivity. The spectral dependences of the SnSbBiSs and PbSbBiS; are characterized by high
photocurrent of the SnSbBiS4 and PbSbBiS4 compounds photosensitivity in the near and long IR regions of the

on the light wavelength were also studied (Fig. 8). As can spectrum. Their photosensitivity is many times higher
be seen from the figure, the PbSbBiS4 and SnSbBiS, than Sb,S3, used in optical devices, in particular, in
compounds have high photoconductivity in the IR region vidicons. These materials are recommended for use in the
of the spectrum. manufacture of photoresistors used in energy converters.

Their maximum photoconductivity A max shifts to the
region of short waves and amounts to 1.00 and 1.08 pm. .
The band gap of SnSbBiS, and PbSbBiSs, calculated from  Conclusions
the maximum photocurrent at 300 K, is AEop.=1.24 and

1.17 eV, respectively. 1. When studying the ternary system Sb,S3;-Sn(Pb)S-

The spectral sensitivity range of the SnSbBiSs and ~ BixS;, it was established that in the Sn(Pb)Sb,Ss-

PbSbBiS4 compounds is in the region of 0.7+1.4 um. The Sn(Pb)Bi,S,4 sections, with a ratio of initial components of
SnSbBiS4 compound, compared to PbSbBiS4, has a higher 1:1, a quaternary compound with the composition
sensitivity. SnSbBiS4, PbSbBiS, is formed.

2. In the SnSbBiS4-SnS system, solid solutions are
J formed based on the initial components.
wlk 3. Measurements of the temperature dependence of
electrical conductivity; samples have a semiconductor
it conductivity throughout the entire temperature range. It
was established that all samples are n-type
semiconductors.

4. The compound SnSbBiS4 and PbSbBiS, have high
photosensitivity in the IR region of the spectrum. At
6k . operating voltage 10-20 V, Rp/ R =1.1-10%+1.4-10%.

5. These materials (SnSbBiS4 and PbSbBiS4) are
o ' recommended for use in the manufacture of photoresistors
used in energy converters.
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II.T. Mammanos!, I'.P. I'yp6anos?

OTpumanHs i gesiki esiekTpodizuuHi BaacTuBocti cnoayku Sn(Pb)SbBiS4 Ta
TBEpPAUX Po34nHiB HA 0cHOBi SnSbhBiS4

! Inemumym xamanizy ma neop2aniunoi ximii im. axademixa M.®.Hazicsa, m. baxy, Pecnybnixa Azepbaiioxcar;
2Azepbatioscancokuti depaicasnuii ynisepcumem nagpmu i npomucnosocmi, m. baxy, Pecnybnixa Azepbaiiocar,
chemminfo@gmail.com

VY mpomeci BuB4eHHs mOTpiitHOI cuctemu Sb2S3-Sn(Pb)S-BixS3 Oymo BcTaHOBIEHO, MO B 00IACTAX
Sn(Pb)Sb2S4-Sn(Pb)Bi2S4  hopmyeTsest uwerBepTHHHI crmomyku ckiramy SnSbBiSs, PbSbBiSs. A y cucremi
SnSbBiSs-SnS yTBOpIOIOTBECS TBEpAi PO3YMHM HAa OCHOBI BHXIZHHUX KOMIIOHEHTiB. Byno nociipkeHo ix
CJIEKTPOIIPOBIIHICTh Ta TEMIIEPaTypPHY 3aJIEKHICTh TEPMOCICKTPUYHMX BIACTHBOCTEH y IIMPOKOMY Jiama3oHi.
Pe3ynbTaTd BHUMIPIOBaHb TEMIIEPATYypHOI 3aJISKHOCTI €JIEKTPONPOBIAHOCTI MOKa3aiM, L0 3pa3KH MaloTh
HaIBIPOBITHUKOBHUII XapaKTep MPOBITHOCTI B YChOMY JOCITIPKEHOMY TeMIlepaTypHOMY iHTepBaii. BcranoBneHo,
mo Bci 3pa3kW € HamiBrmpoBigHnkamu n-tumy. Cromyku SnSbBiSs i PbSbBiSs xapakTepu3yloThCsi BHCOKOIO
¢orouyriuBictio B [Y-o6macti cmektpa. [Ipum poGouiit Hampys3i 10-20 B, BimHomenHs Rda/ Ri cTanoBuTh
1,1-10°+1,4-10%

KiwuoBi cioBa: TBepli po3YHMHH, €IEKTPONPOBiMHICTH, SnSbBiS4, CBITIOUYTIMBICTE, TEPMOEICKTPHUKA,
¢azosa miarpama, PbSbBiSa.
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