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CONTROL OF THE SIZES OF LEAD SULFIDE (PBS)
NANOPARTICLES BY PLASMA TREATMENT METHOD

Abstract

In this work, the optimal parameters for the production of lead sulfide nanoparticles (PbS) were determined.
Lead sulfide nanoparticles were obtained by chemical precipitation in an aqueous solution of lead nitrate (Pb(NO,),)
25 ml 0.18 M (1.524 g), sodium hydroxide (NaOH) 75 ml 0.38 M (1.172 g), thiourea (CH,N,S) 50 ml 0.11 M
(0.399 g), at a reaction temperature of 100 °C, the duration of the synthesis reaction was 120 minutes. The particles
were deposited on a pre-purified silicon (Si) substrate. After synthesis, the particles were processed in a glow
discharge plasma in an argon atmosphere at a pressure of the order of D=1 Pa, for #, =1 minand U =2 min, ata
voltage of / =2 kV and a current strength of / =1,5 mA. The morphology of the obtained structures was studied
using a scanning electron microscope (SEM), the elemental composition of the particles was determined by energy
dispersion analysis (EDX). Plasma treatment reduces the average particle size from the submicron to the nanometer
range.

Key words: PbS particles, CBD method, plasma treatment, optimal parameters, Si substrate.

Introduction

Lead sulfide (PbS) is a semiconductor material that is one of the main materials in solar cells,
photo detectors [1-5] and for selective coating for photo thermal conversion [6-9]. PbS is also
used in devices such as LEDs, photoluminescence and infrared photo detectors [10] and in gas sen-
sors [11]. This material is of particular interest, since its band gap (0.41 eV at 300 K) can increase
with a decrease in its crystallite size and particle size become comparable to the exciton radius of
Boron, this affects its physical properties and arouses the interest of scientific researchers, therefore
they are intensively studied today [12].
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PbS nanoparticles can be produced by various methods such as vacuum evaporation, pyrolysis
by spraying, electro deposition, pulsed laser deposition, chemical vapor deposition (CVD), ultra-
sonic deposition and chemical bath deposition (CBD) [13].

In this work, the chemical bath deposition (CBD) method was used. This method is financially
budgetary and very convenient, since it does not require a vacuum and the reaction takes place in an
open space [14—18]. With the help of parameters (reaction time, temperatures and concentrations of
reagents), the particle size can be varied and their properties can be influenced. If we compare, the
physical method is energy-intensive and has a high cost of production [19]. Therefore, the (CBD)
method is the most optimal method for the future, because it is more efficient, highly manageable
and environmentally friendly [20].

Materials and methods

Lead sulfide (PbS) nanoparticles were obtained by chemical bath deposition (CBD). At the be-
ginning of the experiment, the Si (100) substrate was washed with distilled water and the surface was
cleaned with alcohol. The masses of the reagents were Pb (NO,), (lead nitrate) 25 ml 0.18 M (1.524
g), NaOH (sodium hydroxide) 75 ml 0.38 M (1.172 g), CH,)N,S (thiourea) 50 ml 0.11 M (0.399 g),
reaction temperature 100°C. Lead nitrate and sodium hydroxide were diluted in 75 ml of distilled
water, with a turnover of 1200 rpm, using a magnetic stirrer at a temperature of 100 °C. And thiourea
was diluted separately in 50 ml of distilled water with a turnover of 500 rpm, using an agitator at
room temperature. Both reactions took place within 120 minutes. After that, the two solutions were
mixed and after two minutes, when the color of the solution turned blue-black, at that moment the
Si (100) silicon substrate was immersed in the solution for exactly 10 minutes, at room temperature.
To maintain the uniformity of the solution, a magnetic stirrer was used. After receiving the PbS, the
substrate surface was cleaned in an ultrasonic bath for 10 minutes.

Further, the resulting film was subjected to plasma treatment of a glow discharge in argon. The
surface treatment was performed under the following parameters: pressure D=1 Pa, voltage / =1,5
kV, discharge current 7 =1,5 mA and processing time ¢, =5 minand ¢, =5 min. The main param-
eters of the glow discharge (voltage, current, brightness) remain unchanged under constant external
conditions. Figure 1 shows that the smoldering discharge is accompanied by a visible glow, the color
of which depends on the type of gas.

Figure 1 — Glow discharge
In the process of plasma generation, argon gas and direct current were used in the glow dis-

charge, which is released from the power supply of the Aktakom APS-1915 High voltage DC Power
supply. A constant current source provides stable voltage and current. A low pressure is created in the
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vacuum chamber and the vacuum pump regulates the pressure in the chamber and the control system
monitors and corrects the pressure using sensors and feedback. The vacuuming process takes place -
the chamber is pumped out to a set pressure of 10 Pa, the pressure is not absolutely constant, but is
usually maintained with high accuracy (for example, + 5%). Argon is injected into the chamber until
an operating pressure of 1 Pa is reached. A voltage of 2 kV is applied between the electrodes. During
the collision of electrons with argon atoms, their ionization occurs and an avalanche of ionization
leads to the formation of a quasi-neutral electron—ion gas - plasma. The camera material was made
of stainless steel.

The choice of specific parameters for plasma surface treatment of lead sulfide on a silicon sub-
strate is determined by a combination of factors aimed at achieving the desired effect. The pressure
(1Pa) ensures a high degree of ionization of the working gas, which increases the number of active
particles bombarding the surface. It helps to remove impurities and adsorbed molecules from the
surface more effectively. Modifications to the surface of lead sulfide reduce the formation of byprod-
ucts associated with collisions of neutral particles. High voltage (2kV) prevents the destruction of
lead sulfide by high-energy particles. Provides a controlled change in the chemical composition of
the surface. Promotes the functionalization of the surface. A low current (1.5 mA) limits the thermal
load on the sample, which reduces the risk of degradation. It promotes uniform surface treatment and
increases the reproducibility of the process.

Quanta 200i 3D (FEI Company, USA) was used to measure the size of nanoparticles and study
structural properties, and the energy dispersion spectroscopy (EDX) method was used to verify the
stoichiometry of the obtained films.

Main provision

The treatment of cubic particles of lead sulfide with glow discharge plasma reduces the average
particle size from the submicron to the nanometer range.

Results and discussion

The morphology and elemental composition of the particles were studied using a scanning elec-
tron microscope and energy dispersion analysis, respectively. The images were obtained at 50,000
times magnification. Figure 2 (a) shows that as a result of chemical deposition, individual cubic
particles with an average size of 320 + 70.1 nm are formed. It is worth noting that the reaction
temperature and synthesis time affect their uniformity. Figure 2(b) is an energy dispersion analysis
(EDS) of these particles. Figure 2 (c) shows the particle size distribution.
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Figure 2 — SEM image, energy dispersion analysis and distribution
of PbS particles obtained by the CBD method.
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Further, these cubic particles were subjected to plasma treatment. Figure 3 (a) and 3 (d) show
images treated with plasma for #, =1 minutes and ¢, =5 minutes. The average particle size during
treatment with duration of ¢, =5min is 178 + 44.7 nm. The reduction of the average size occurs
linearly, which is very important for controlling the size of cubic particles.
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Figure 3 — SEM images, energy dispersion analysis and distribution
of PbS particles obtained using CBD and plasma processing

Figure 3 (a) demonstrates PbS particles obtained by chemical method for 10 minutes and sub-
jected to plasma treatment for 1 minute. Figure 3 (b) is an energy dispersion analysis (EDS) of these
particles. Figure 3 (d) shows PbS particles obtained by chemical method for 10 minutes and sub-
jected to S-minute plasma treatment. Figure 3 (e) — EDS analysis of these particles. The elemental
composition of PbS nanostructures was investigated using EDS. Energy dispersive spectroscopy of
the samples revealed peaks of Si, Pb and S, which confirms the presence of these elements in the
nanostructure. Figure 3 (c, f) shows the separation of particles by size, treated with plasma for one
and five minutes, respectively. As can be seen from these figures, the smallest cubic particle size in 1
minute treatment was 110 nm, and in 5 minute treatment, the smallest cubic particle size decreased
by 60 nm.

Lead sulfide crystallites have a cubic shape due to the peculiarities of the crystal structure of this
substance. Lead sulfide crystallizes in the cubic symmetry that its unit cell has the shape of a cube. In
this cell, lead and sulfur atoms are arranged in strictly defined positions, creating a repeating three-
dimensional structure. Defects in the crystal lattice: may lead to the formation of imperfect cubic
shapes.
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Conclusion

In this paper, the effect of plasma treatment on the size of cubic particles of lead sulfide (PbS)
obtained by chemical method was studied. It was found that plasma treatment for five minutes leads
to a significant reduction in the particle size of PbS. As a result of plasma exposure to cubic particles
of lead sulfide, a change is observed.
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IJIABMAJIBIK OHJIEY B1ICI BOUBIHIIIA KOPFACBHIH CYJIb®UII
(PBS) HAHOBOJILLEKTEPIHIH OJIINEMIEPIH BACKAPY

Anjiarna

Byn sxymbicTa KoprachH cyabduainiy (PbS) HanoOemmeKkTepiH KaJbIITaCThIPYIbIH OHTAMIIBI apamMmeTpiepi
aHbIKTanel. KopraceiH cymbhumiHiH HaHoOemmekTepi KopracklH HHUTpaTeHBEIH (Pb (NO3)2) 25 mm 0,18 M
(1,520 ), marpuii ruapoxcuai (NaOH) 75 mi 0,38 M (1,150 1), TnomoueBuna (CH4N2S) 50 m 0,11 M (0,396 1)
CyJIbl epiTiHAiciHae, peakuus Temneparypackl 100°C, cuHTe3 peakiUsIChIHBIH Y3aKThiFbl 120 MUHYT IIaMachIHIA
XUMUSUTBIK TYHZBIPY apKbUIBI aNbIHABL. belmiekrep anapH aia TazapTbuiFaH KpeMHHH (Si) ToCeHiliHe KOWBIIIBI.
Cunresnen keitin Gemmekrep [ =1,5xB xepueyne xone [ =1,5 MA toxra, ¢, =5 Mun xoHe f, =5 wMun
YaKBIT IamMachin/a, f, = 1T1a KpIcbIMIa apron arMocd)epachlH/Ia CONFbIH Pa3psil Ia3MAChIH/IA OHIEI. AJbIHFaH
KYPBUTBIMIIAPIBIH MOPQOIOTHACH CKaHEPICYIIi AIEKTPOHIB MHUKPOCKONTHH (SEM) kemeriMeH 3epTTemnmi, ai
OenmeKTepAiH MMEMEHTTIK KypaMbl sHeproauciepcusutbik Tanaay (EDX) apkputer ansikTanasl. [Inasmamen exuey
OeuiIeKTep IiH opTalla eJeMiH CyOMUKPOHHAH HAHOMETPIIIK JAMara3oHFa AeiiH KilipenTe.

Tipek ce3mep: PbS Gemmiexrepi, CBD omici, ma3manbik ©HJICY, OHTANIIBI TapaMeTpiep, Si TOCCHIIIII.
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KOHTPOJIb PABMEPOB HAHOYACTHUL CYJIb®UJA
CBUHIA (PBS) METOAOM IIJIABMEHHOU OBPABOTKH

AHHOTALUSA

B 01 paboTe ObLTH OTIpeIeIeHB ONTUMANbHBIC TapaMeTPHI MTOTyYeHISI HAHOYaCTHUI] Cyabduaa cBuHIa (PbS).
Hanouactuns! cynb(uaa cBUHIIA ObIIH TOIYyYEHBl METOIOM XMMHUYECKOTO OCAXK/ICHUS B BOXHOM PAacTBOpPE HUTpaTa
ceuna (Pb (NO,),) 25 mn 0,18 M (1,524 r), ruapokcuna narpus (NaOH) 75 ma 0,38 M (1,172 r), THOMOYEBUHBI
(CH,N,S) 50 mx1 0,11 M (0,399 1), ipu Temneparype peakuuu 100 °C, JUTMTENBHOCT PEAKIIMU CUHTE3a COCTABIIAIA
120 MunyT. YacTHIbl OCaXIaIiCh HA MIPEABAPUTEIBHO OYUINCHHOW KpeMHHUeBoit (Si) momnoxke. [Tocie cunresa
YyacTHIBl ObUTH 00pa0OTaHbl B IUIa3Me TIICIOIETO pas3psijia B aTMocg)epe aproHa npu JaBjeHuu nopsaka I, =1
ITa, B Teuenne t, =1 MunH I=1,5 mun., npu Hanpsokernn [ =15 kB u cune Toka [ =1,5 mA. Mopdonorus
MOJYYCHHBIX CTPYKTYp OBIIa HMCCIIEAOBaHA C TOMOIIBIO CKAaHHPYIOIIETO 3JIEKTPOHHOTO MHKpockoma (COM),
AJIEMEHTHBIN COCTAB YaCTHUI] OTPEEIISIICS METOJIOM dHeprouciepcronHoro ananmsa (EDX). O6paborka miiazmoit
MPUBOJIUT K YMEHBIICHHIO CPEIHET0 pa3Mepa 4acTul] OT CyOMHKPOHHOTO 10 HAHOMETPOBOTO JIMara3oHa.

KuaroueBbie ciaoBa: PbS wactumer. CBD meron, mmasmeHHass 00pa0bOTKa, ONTHUMAIBHBIC MAapaMeTphl, TOJ-
JIOKKa Si.
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