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THE INFLUENCE OF THE TEMPERATURE OF A MIXTURE OF LEAD NITRATE
AND SODIUM HYDROXIDE SOLUTIONS ON THE GROWTH PECULIARITIES OF LEAD SULFIDE FILMS

The present work is devoted to studying the effect of temperature on the formation of a submicron-sized
particles of lead sulfide (PbS). Lead sulfide samples were obtained by chemical bath deposition method. 25
ml of an aqueous solution of lead nitrate Pb(NQs),, 75 ml of sodium hydroxide NaOH and 50 ml of thiourea
CH4N3S with molar concentrations of 0.18 M (1.52 g), 0.38 M (1.151 g) and 0.11 M (0.397 g), respectively, were
used as reagents. In the process of obtaining samples, solutions of lead nitrate and sodium hydroxide were
initially mixed at temperatures of 70°C and 100°C, then a thiourea solution was added to this mixture. It was
found that temperature has an effect on the formation of PbS structures. It is shown that at a temperature of
100°C isolated particles are formed, whereas at a temperature of 70°C a film is formed.

The morphology and elemental composition of the obtained lead sulfide (PbS) samples were studied by
scanning electron microscopy (SEM) and the surface structure was studied using an atomic force microscope
(AFM). As a result of the study of the morphology and texture of the surface of lead sulfide samples, the
average size of isolated particles was determined, which is ~144 nm, and these particles also had a cubic shape
with a smooth surface.

Keywords: lead sulfide, film, isolated particles, temperature, optimal parameters.
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KopracblH cynbduai nneHKanapbliHbIH, 6Cy epeKLlenikTepiHe KOpFacbiH HATPaTbl MEH HaTpUi
rMMAPOKCUA epiTiHAiNep Kocnackl TeMnepaTypackiHbIH, acepi

Byn 3epTrey »KymbICbl TemnepaTypaHblH KopfacbiH cynbduai (PbS) cybmukpoHaplk, enwemai
HenweKTepiHiH, Ty3inyiHe acepiH 3epTTeyre apHanfaH. KopfacbiH cynbbUAiHIH, yATinepi cynbl epiTiHaiaeH
XMMUANBIK TYHOBIPY 94iCiMEH anblHAbl. PeareHTTep peTiHae 25 ma KopracblH HUTPaTbl Pb (NOs),, 75 ma HaTpuit
rmapokcnai NaOH »kaHe 50 ma TnomoueBnHa CH4N,S THiciHLLE MONAPAbIK KOHUEHTPaumManaps! 6oMbiHwwa 0,11
M (0,397 ), 0,18 M (1,52 1), 0,38 M (1.151 r) cynbl epiTiHAinepi nanaananbingsl. YArinepai any npoueciHae
HacTankbl KeseHe KOPFacbliH HATPaTbl MEH HAaTpUI rnapokenai epitiHainepi 70°C xaHe 100°C TemnepaTypaja
apanacTblpbinabl, COAaH KeWiH Oyn Kocnafa TMOMOYEBWMHA epiTiHAici Kocbinabl. TemnepaTypa PbS
KYPblNbIMAaPbIHbIH, KanbliNTacyblHa acep eTeTiHi aHbikTanapl. 100°C TemnepaTtypala oKLaynaHfaH benwekrep
naiaa 6onabl, an 70°C TemnepaTtypana naeHKa nanaa 6onapi.

ANbIHFaH KopFacbliH cynbduaiHiH (PbS) yarinepiHiH mopdonornacsl MeH 31eMeHTTIK KypaMbl CKaHepaeyLi
3NEKTPOHAbl MUKpockonua (CIM) aaicimeH 3epTTeni »aHe 6eTTiK KypblibIMbl aTOM/bIK KYLWITIK MUKPOCKOMbI
(ACM) apkbinbl 3eptTengi. KopfacbiH cynbGUAiIHIH, yArinepiHiH mopdonormuacel meH 6eTki KabaTbiH 3epTTey
HOTMXKECIHAEe OKluaynaHfaH benleKkTepaiH, opTalla mMmeslepi aHbiKTanabl, on ~144 Hm Kypandbl, COHbIMEH
KaTap byn beniexkTep 6eTi Teric Tekwe TypiHae 6onabl.

TyWiH cesmep: KopfacblH cynbdUAi, NAeHKa, OKlaynaHfaH OeslweKTep, TemnepaTypa, OHTaWAbI
napameTpnep.
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BAnAHWe TemnepaTypbl CMECH PacTBOPOB HUTPAaTa CBMHLA M TMAPOKCUAAE HaTpuA
Ha 0cob6eHHOCTM pocTa NAeHOK cynbduaa CBUHLA

HacTosllee wccnenoBaHWe MOCBAWEHO M3YYEHWUIO BAMAHUA TemnepaTypbl Ha ob6pa3oBaHMe 4YacTul,
cynbduaa cemHua (PbS) cybmmnkpoHHoro pasmepa. Obpasupl cyabduaa cBMHLA ObIIM NOAYYEHb METOA0M
XMMMYECKOTO OCaXKAeHWs M3 BOAHOro pacTBOpa. B KayecTBe peareHTOB MCMO/b30BaAuCh 25 M BOAHOMO
pacTBopa HUTpaTa cBuHUA Pb(NOs),, 75 mn ruapokemaa HaTpusa NaOH u 50 ma TmomodesuHbl CH4NLS ¢
MOIAIPHBbIMKU KOHUeHTpaumammn 0,18 M (1,52 r), 0,38 M (1.151 1) n 0,11 M (0,397 ), cooTBETCTBEHHO. B
npouecce nosyyeHuna obpasLoB Ha Ha4Ya/IbHOM 3Tane NPOM3BOANNAOCH NEPEMELINBAHNE PAaCTBOPOB HUTPATA
CBUHLA 1 TMAPOKCcKaa HaTpua npu TemnepaTtypax 70°C n 100°C, 3aTem B AaHHYO cmech A006aBnaACs pacTBop
TMOMOYEBMHbI. BblJIO YCTAHOBNEHO, YTO TeMNepaTypa OKasblBaeT BAMAHME Ha GOPMMPOBHME CTPYKTYP PbS.
MoKasaHo, 4to npu TemnepaType 100°C 0b6pasytoTca M30MPOBaHHbIE YAaCTULbI, TOFAa KaKk nNpu Temnepartype
70°C dopmMmunpyeTca nneHka.

Mopdonorns n snemeHTHbIN COCTaB NOAYyYeHHbIX 06pasLoB cybduaa cenHua (PbS) nsyyanmcs metomom
CKaHUPYIOLLEN INEKTPOHHOM MMKpPOcKonumM (COM) 1M noBepxHOCTHAA CTPYKTypa Oblaa M3yyeHa C MOMOLLbIO
aTOMHO-CM0BOro MMKpocKkona (ACM). B pesynbTaTte nccnefoBaHna MOphOaOTMm 1 CTPYTKYTYPbI MOBEPXHOCTM
06pa3uoB cyabduaa CBUHLA Bbin onpeaeneH cpeaHnin paamep M30AMPOBAHHbIX YAaCTMLL, KOTOPbI cocTaBnAeT

~144 Hm, KpOME TOTO AaHHbIe YaCTULLbl UMEIOT Kybunyeckyto Gopmy C rnaaKoi NoBEPXHOCTbIO.
Kniouesble cnoBa: cynbdua, CBMHLUA, NAEHKA, M30JMPOBaHHbIE YacTuLpl, TemnepaTypa, OnTMMalbHble

napameTpsbl.
Introduction

Lead sulfide (PbS) is an inorganic chemical
compound of lead and sulfur. The appearance of
crystalline substance ranges from blue-gray to silver-
gray color. In nature it is found in the form of the
mineral galena [1-3]. In the laboratory it can be
obtained by reaction between solutions of lead salt
and sodium sulfide. Lead sulfide (PbS) is recognized
as an excellent material for infrared luminescence
with several advantages including a direct narrow
band gap of 0.41 eV, broad spectral absorption in the
visible to near infrared region, and remarkable
quantum confinement effects of charge carriers [4].
Lead sulfide is a semiconductor material. The lattice
parameter is 0.593 nm. There are different methods
of lead sulfide production. One method is chemical
vapor deposition (CVD), where lead sulfidization
occurs. This process uses lead (Pb) vapor, hydrogen
sulfide (H2S). This process uses atmospheric
pressure, inert gas (Ar, Ny), reaction temperature is
from 400-800°C. This process has disadvantages
such as limited particle shape and size and the need to
control temperature and pressure [5-9]. There is also
pyrolysis of aerosol, in this method lead salt solution
(Pb(NO3)2) and thiourea (CS(NH.)2) are used as
starting substances. To make the process run well, the

reaction temperature should be 400-600°C and the
pressure should be atmospheric, inert gases such as
(Ar, N2) are used as an admixture. The advantages of
this method are that the shape and size of the particles
can be controlled, but the disadvantage is that the
sedimentation rate is very low and the process is very
complicated [10-14]. The third method is physical
vapor deposition (PVD), which is a vacuum
deposition method, in this method a target of lead
(Pb) and sulfur (S) is used as a starting material. In
this process the lead is evaporated in vacuum, the
reaction takes place with sulfur vapor and
sedimentation on the substrate. The advantages of this
reaction are that the product has high purity, the film
thickness can be controlled, but also this process has
its disadvantages such as the cost of this process is
very high and has its own difficulties in the reaction
[15]. The fourth method is ion beam deposition. In ion
beam deposition, lead ions (Pb+) and hydrogen
sulfide (H2S) are used as precursors. This method is
carried out through bombarding the substrate with
lead ions and reacting with hydrogen sulfide. As a
result lead sulfide is formed. The advantage of this
process is that the process is carried out at low
temperature and the shape and size of the particles can
be controlled, besides it has the disadvantage that the
deposition takes place at a low rate [16]. The fifth
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method is molecular beam epitaxy. In molecular
beam epitaxy, molecular beams of lead (Pb) and
sulfur (S) are used as a starting material and lead and
sulfur molecules are deposited on a substrate. In this
process, high quality crystals grow and the doping
process can be controlled. The disadvantage of this
process is that it is very expensive and has its own
difficulties [17-20]. The sixth method is laser
deposition. This process requires laser light and lead
sulfide (PbS) target as the starting material. The
process takes place by laser vaporization of the target
and deposition on the substrate. The advantages of
this method are that the process is very fast and the
shape and size of the particle can be controlled. The
disadvantage of this method is that the purity of the
product is very low and the process has its own
difficulties [21-23]. Seven is the most commonly
used method of chemical bath deposition (CBD)
because it is a very simple, cost-effective and
economically reproducible method that can be used
for large area deposition at low temperature.
Chemical bath deposition is used to deposit thin films
from a wide range of materials. The deposition
mechanism is essentially the same for all such
materials. A soluble salt of the desired metal is
dissolved in an aqueous solution to release the
cations. A non-metallic element is provided by a

a
- ~
d

suitable starting compound, which is decomposed in
the presence of hydroxide ions to release anions. The
anions and cations then react to form a compound
[24].

In this work, we report the effect of reaction
temperature on the structure of lead sulfide obtained
by chemical method from aqueous solution.

Experiment

Lead sulfide samples were obtained by chemical
precipitation on silicon substrate from aqueous
solution. A mixture of aqueous solutions of 25 mL of
lead nitrate Pb(NO3), 0.18 M (1.52 g) and 75 mL of
sodium hydroxide NaOH 0.38 M (1.151 g) were
mixed using a magnetic stirrer for 60 minutes at
temperatures of 70°C and 100°C. At the initial
moment of the process, the mixture of the mixed
solutions was transparent, further during the mixing
process it started to change color from transparent to
yellow and small golden particles were formed in the
mixture (Figure 1a). 50 mL aqueous thiourea CH4N>S
solution with a molar concentration of 0.11 M (0.397
g) was prepared for 30 minutes at room temperature
(Figure 1b). Aqueous thiourea solution was added to
the mixture of lead nitrate and sodium hydroxide
solutions (Figure 1c).

Figure 1-Solutions of lead nitrate, sodium hydroxide, and thiourea to produce isolated particles and films of
lead sulfide (PbS) as a function of temperature

After adding a thiourea solution to a mixture of lead
nitrate and sodium hydroxide, the process of lead
sulfide synthesis began. During the process, during
the first four minutes of the reaction, the resulting
solution changed its color from brown to dark gray.
At the first minute the color of the solution was light
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brown, and in the second minute it changed to a more
brown color (Figure 1d), and in the third minute the
solution had a darker shade (Figure 1e), and in the
fourth minute a thin film of lead sulfide was formed
on the surface of the beaker (Figure 1f). And after
that, the silicon substrate was immersed in the
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solution. The synthesis was carried out for 35 minutes
and the obtained samples were cleaned in an
ultrasonic bath for 15 minutes at room temperature.

The chemical reaction of the formation of inorganic
lead sulfide compound took place according to the
following formula:

Pb(NGQ;), + 2NaOH +CH,N,S——H,O + PbS + CH,N,O + 2NaNO, (1)

The obtained samples were examined by
scanning electron microscope (SEM), and the
elemental composition was also determined by
energy dispersive anlysis on Quanta3D 200i. The
surface structure of the obtained lead sulfide samples
was investigated by atomic force microscopy (AFM),
which allowed to study their morphological
characteristics.

Results and discussion

Figure 2 shows the surface morphology of the
samples obtained by scanning electron microscope.

Figure 2a shows the morphology of lead sulfide
sample obtained at a temperature of 70°C mixture of
lead nitrate and sodium hydroxide solutions and its
elemental composition is shown in Figure 2b. This
figure shows that at this temperature, a continuous
film with a rough surface formed from cubic shaped
crystallites is formed. From the elemental analysis,
the atomic of lead was determined to be 49.76% and
sulfur 50.24%, which shows that the elemental
composition corresponds to the stoichiometric
percentage ratio of lead sulfide (PbS).

14 4
» 5K TEVESS
IR . I m we am
| L {
Momy|  Corecton)  ZAY
o
OB
e
a
T T TR Y|
gy eV |
I
b i a” vli;
AN 169 LI
e | Conmten | SAF
7
h -
o
Z
n
)
M |
T T Y T T T
s bed

d

Figure 2-(a), (b), SEM image and energy dispersive analysis of PbS lead sulfide film and (c), (d) SEM
image and energy dispersive analysis of isolated PbS lead sulfide particles

Figure 2 (c, d) shows the SEM image and
elemental composition of lead sulfide obtained at the
temperature of 100°C mixture of lead nitrate and
sodium hydroxide solutions. As can be seen from the
figure, the obtained sample of lead sulfide has
separate isolated particles of cubic shape with an
average size of ~144 nm, which repeats the crystal

structure of lead sulfide itself. From the data of EDS
analysis it follows that the particles have 49.28 at.%
and sulfur 50.72 at.%, in which as well as in lead
sulfide films the stoichiometric ratio is observed. The
insignificant deviation of atomic percentages does not
exceed 1%, which can be related to the accuracy of
measurement.
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Figure 3 - AFM image of the surface of the film (a, b) and isolated particles (c, d) of lead sulfide (PbS)

Figure-3 shows the AFM images of PbS samples
of 5x5 um? scanning area. It can be seen from the
figure that the results of the study are in good
agreement with the results obtained by scanning
electron microscope (SEM). Figure 3 (a, b) shows 2D
and 3D images of the surface of lead sulfide film
obtained at a temperature of 70°C mixture of lead
nitrate and sodium hydroxide solutions. From the
figure it can be seen that the film was formed and it
has a rough surface of cubic crystallite shape with
peak-to-peak value of ~ 300 nm.

AFM images of lead sulfide samples obtained at
the temperature of the mixture of lead nitrate and
sodium hydroxide solutions 100°C are presented in
Figure 3 (c, d). The figure shows that lead sulfide is
formed into separate isolated particles homogeneous
in size and with a height similar to the thickness of
the films, i.e. ~ 300 nm.

Conclusion

In this work, isolated submicron lead sulfide
(PbS) particles were prepared using the chemical bath
deposition method and it was determined that at a
lower temperature (70°C) the growth of PbS film
occurs and at a higher temperature (100°C) the
formation of individual submicron particles.

Scanning electron microscopy (SEM) was used
to study the morphology and elemental composition
of lead sulfide samples. Atomic force microscope
(AFM) allowed a detailed study of the surface
structure of these samples. The analysis showed that
the average size of isolated lead sulfide particles is
about 144 nm. At the same time, all the particles have
cubic shape and smooth surface.

Thus, isolated particles of PbS were obtained
using temperature effects. On the next stage of the
research it is planned to reduce the size of these
particles, our research work will be devoted to the
study of the influence of time on the synthesis of lead
sulfide structures.
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