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Abstract: In this Chapter, we demonstrated the synthesis of Lead sulphide by using low-cost chemical displacement
method. We used thioacetamide for the source of sulphide ion and for the source metal salt; lead nitrate was used. The
structural, morphological, metal percentage and optical properties of as synthesized nanoparticles are investigated by using
X-ray diffraction (XRD), Uv-Visible spectra; Field emission gun Scanning electron microscopy (FEG-SEM) with EDS,
Fourier transforms infrared spectroscopy (FTIR), High-resolution transmission electron microscopy (HR-TEM) and
Photoluminescence spectroscopy (PL).The average particle size of the nanoparticles from the x-ray diffraction is about 20
nm and also field emission gun Scanning electron microscopy shows good morphology and exhibited clearly cubic shape.
Further, the photocatalytic degradation of Janus green B dye was measured by visible absorption spectroscopy. To obtain
the optimal conditions for the dye degradation, the effect of various experimental parameters, i.e., pH, amount of
nanoparticles, concentration of dye and light intensity on the rate of reaction was studied. It was found that the JGB dye
degradation gave the best results at a pH of 7.0, dye concentration= 200 ppm and using a 70 mW-cm 2 light intensity with
0.5 g of PbS nanoparticles. At room temperature, the photocatalytic degradation of Janus green B dye was observed about
93.5%.
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1 Introduction

The properties of semiconductor nanostructured materials
depend not only on their chemical composition but also on
their shape and size [1,2,3,4,5,6]. Semiconductor medicine
and materials science and their different interdisciplinary
fields, nanocrystallines exhibit electronic, magnetic,
optical, photochemical, and photo physical properties
greatly differing from those observed in the corresponding
bulk materials due to quantum size effects, resulting from
predominant number of surface atoms in nano-scale
materials [7,8]. Semiconductor nanoparticles have good
optical and electronic properties and there has been much
interest in the synthesis and characterization of sulphide
nanoparticles [9,10,11]. The nanoparticles have wide
applications in many fields such as solar cells [12], lasers
[13], LED devices [14,15], detectors [16],

Telecommunication [17], optical switches and optical
amplification. Transition metal chalcogenides are very
important semiconductor materials, especially in nano-scale
because of their excellent photoelectron transformation
properties and potential application in physics, chemistry,
biology, for instances solar cells, sensitive sensor, photon
computer, and slow-release medicament [18]. Bulk PbS
(rock salt crystal structure) is a direct band gap IV-VI
semiconductor with a band gap of 0.41 eV and an exciton
Bohr radius of 18 nm at room temperature, which means
that an obvious quantum confinement effect can be
observed in PbS nanocrystals. PbS nanocrystals can be used
in electro luminescent devices such as light-emitting
diodes, and optical devices such as optical switches due to
the high third order nonlinear optical properties [19]. The
size, shape, capping material and surface characteristics
have a strong influence on the optical properties of PbS
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nanocrystals. Much attention has been paid to controlling
these parameters to manipulate the optical properties of PbS
nanocrystals. A great deal of research effort has been
devoted to the methods of synthesis of PbS nanocrystals
with various sizes and shapes in a controllable manner such
as colloidal solution [20,21,22,23,24,25] or using strong
organic [26,27,28] and inorganic [29,30,31] matrix supports
to stabilize nanocrystals. In our previous report, we have
used PVA as organic surface passivating agent to
synthesize PbS nanoparticles, and the obtained
nanostructure of cubic morphology with the size of 42-5
nm [18]. Azo dyes account for over 70% of all synthetic
dyes consumed by the dyeing industry globally. One or
more azo groups (-N=N-) operate as chromophores in the
molecular structure of a reactive azo dye. Furthermore,
molecules containing the azo group constitute the majority
of synthetic dyes and are difficult to breakdown even at low
concentrations due to their resistance to light, heat,
chemicals, and microbial attacks. As a result, the removal
of such synthetic dyes has become critical prior to the
release of waste industrial effluents into the environment's
water. Many attempts have been undertaken to remove dyes
from wastewaters utilizing commonly used processes such
as photocatalytic degradation of Rose Bengal, Congo red
and Methylene blue dyes [32,33,34]. Zhou et al. Have
prepared 100 nm PbS truncated nanocubes and nanocubes
by using cetyl trimethyl ammonium bromide and polyvinyl
pyrrolidone (PVP) as surface passivating agents [35]. PbS
nanocubes with the size of 50-80 nm has been synthesized
using PVP and glycerol by Dong et a/ [36]. However, the
size of PbS nanocubes was too large (50—100 nm) and thus
further size reduction is required to observe the quantum
confinement effect. Therefore, various physical and
chemical synthesis methods have been developed to
produce PbS nanocrystalline material with different sizes
and shapes in a controllable manner. One of the major
disadvantages of physical methods is the agglomeration of
the nanoparticles. On the other hand, chemical synthesis
apart from being simple and cheap process offers an easy
way of preventing agglomeration of the nanoparticles. In
general, during chemical synthesis of nanoparticles, a
suitable organic stabilizer is added, which caps the
nanoparticles and thus avoids their aggregation. Addition of
organic stabilizers also improves chemical properties
(stability, solubility etc.) as well as the physical properties
(light emission characteristics). The surface modification
by stabilizers can remove the localized surface trap states
and significantly increases the quantum yield of the
excitonic emission.

The present study deals with PbS Nanoparticles prepared
by Displacement Method. The present method is very low
cost and very easy to prepare PbS Nanoparticles. In this
method, we used CTAB as a stabilizer. We used
thioacetamide for the source of sulphide ion and for the
source of metal salt; lead nitrate was used. Synthesized
Lead Sulfide nanoparticles are characterized by various

analytical techniques like X-ray diffraction (XRD), Uv-
Visible Spectra; Field emission gun scanning electron
microscopy (FEG-SEM) with EDS, Fourier transforms
infrared spectroscopy (FTIR), High-resolution transmission
electron microscopy (HR-TEM) and Photoluminescence
spectroscopy  (PL). The Photocatalytic activity of
synthesized PbS nanoparticles was investigated by photo
degradation of Janus Green B dye.

2 Experimental

2.1 Materials

AR-grade Lead nitrate, thioacetamide, cetyl trimethyl
ammonium bromide (CTAB), methanol and Janus Green B
dye (JGB) were used as received from the s.d fine and Hi-
media chemicals (India). All reactions were performed
using double distilled water.

2.2 Synthesis of PbS nanoparticles

The PbS nanoparticles were prepared by reaction of 1 mol
of Pb (NO:s)2 and 2 mol of Thioacetamide. Lead nitrate was
dissolved in 30 ml double distilled water and was a
transferred to a round bottom flask. In a separate beaker 2
mol of thioacetamide and 1 mol of cetyl trimethyl
ammonium bromide (CTAB) were dissolved in 50 ml of
methanol. This mixture was added drop wise in metal salts
solution and the resulting mixture was refluxed at around
65 °C for 2 hrs. After 2 hrs, colour of the solution changed
from light green to dark black. Black solution was cooled at
room temperature. The nanoparticles were centrifuged and
were washed with double distilled water for 5 times to
remove the impurities. For Calcination these nanoparticles
were transferred to silica crucible and kept in muffle
furnace at 600 °C for 2 hrs. After this process the crystalline
nanoparticles of PbS were obtained.

2.3 Photocatalytic activities

The photocatalytic activity of the nanoparticles was
assessed by monitoring decolorization of Janus Green B in
the presence of visible light. Janus green B dye is cationic
dye. The photocatalytic experiments were carried out in an
immersion well photo reactor (consisting of inner and outer
jacket) made up of Pyrex glass, equipped with water
circulating jacket. Irradiations were carried out using a
visible light 200 W tungsten lamp (Philips). The Reaction
temperature was kept constant at 30 °C. Before irradiation
experiments, 100 mL of the dye solution of appropriate
concentration containing the desired quantity of the
photocatalyst (0.1 to 0.6 g) and a predetermined amount of
2mM NaOH solution (For pH), was magnetically stirred,
while the solution was at least 15 min in the dark to attain
adsorption—desorption equilibrium between the dye
solution and the catalyst surface. Afterwards, first sample
(at Omin) was taken out and the irradiation was started.
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During irradiation, samples of 5-10 mL were withdrawn at
regular time (every 15 min) intervals, centrifuged and the

Chemical Displacement Method

Thioacetamide+ CTAB + MeOH Pb(NO;),+ Double distilled water

Mixed well with continuous

stirring

Displacement Reaction Reflux at 65 °C, 2 hrs

-

Black ppt

-

Filtration and Washing
With
Double distilled water

-

PbS Crystalme

Nanoparticles

Calcination
at 600 °C, 2hrs
(Muffle furnace)

Fig.1: Schematic diagram for the synthesis of PbS Nanoparticles.
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supernatant was subsequently analyzed. The change in
absorbance of the dye aliquots was followed at its Amax (660
nm) as a function of irradiation time. The observed
absorbance spectra are in accordance with Beer-Lambert
Law in the range of examined dye concentration.

The concentration of dye was calculated by standard
calibration curve obtained from the absorbance of the dye
at different known concentrations. The photocatalytic
experiments were repeated three times in order to check the
reproducibility of the experimental results. The accuracy of
the optical density was found to be within + 5%. The
consistency in activity of the catalyst was analyzed by the
recycling experiments. After the first attempt of the
photocatalysis experiment, the catalyst was retrieved from
the photo reactor and the aliquots by centrifugation. The
retrieved catalyst was thoroughly washed with deionized
water and distilled ethanol. The catalyst was dried at 60°C
for 12h and then reused in the next cycle of the
photocatalysis experiment.

Equally, the experiment was repeated for a set of cycles to
monitor the loss inefficiency of the catalyst after repetitive
use.

The photocatalyst amount was optimized by a series of

CHs

HiC N

W ™ CHe

Fig.2: Chemical Structure of Janus Green B dye.

Photocatalysis ~ experiments. ~ Higher = amount  of
photocatalyst were thought to absorb more incident photons
and produce more photogenerated charge carriers, but past
a particular concentration, the particles suspended in the
solution cause shielding and light scattering, affecting the
light transmittance in solution. Moreover, the decreasing
transmittance may enhance recombination as the photons
could not be continuously injected onto the photocatalyst
particles. Similarly, the initial dye solution concentration
has significant influence on the activity as it affects the
light penetration into solution. This result was consistent
with literature for the effect of initial concentration on
photocatalysis.

The degradation efficiency (%) was calculated as follows:

Co—

£x100........... 1)
Co

Degradation (%) =

Where Co is the initial concentration of JG, and C is the
time-dependent concentration of dye upon irradiation. The
following first order kinetic equation can be used to
describe photocatalytic JG B degradation.

In (%f) R Q)

Where Coand C; are the concentrations of dye in solution at
times 0 and t respectively, and k is the first-order rate
constant (min™).

3 Results and Discussion

3.1 Characterization of lead sulfide nanoparticles

3.1.1 Uv-Vis spectrum of PbS nanoparticles:

2.5

2.0

1.5-

= Abs.

0.5-

400 500 600 700 800
Wavelenght (nm)

Fig.3: Uv-Vis absorption spectrum of synthesized PbS
nanoparticles.

The Figure-3 shows that Uv—Vis absorption spectrum of
synthesized PbS nanoparticles dispersed in the distilled
water using by Probe sonication. The UV absorption was
observed at 495 nm. This confirms the formation of lead
sulfide Nanoparticles.

3.1.2 FTIR spectra of PbS nanoparticles:

Figure-4 shows the FTIR spectrum of PbS Nanoparticles.
The vibrations appeared in the spectrum were in the range
as reported earlier. However, the observed Peaks at 2391,
2289 cm’! is due to C-H bonding. Other peaks observed
mainly at 3523 ¢m! are due to water molecules and the
peak position at 630 cm! is due to the Pb-S bending
vibration mode.
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Fig.4: FTIR spectrum of PbS nanoparticles.
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3.1.3 XRD spectra of PbS nanoparticles

The Lead sulfide nanoparticles synthesized by displacement
process were characterized by X-ray powder diffraction
(XRD) to evaluate and study their structure. XRD spectra
of the synthesized Lead sulfide nanoparticles are shown in
Figure-5. As seen, the obtained nanoparticles have good
crystallinity. The extended peaks are representing the
dimensions of the Nanoparticles. Peaks are observed at
25.920, 29.920, 42.910, 510, 53.810, 62.970, 68.810, 710
and 79.100 respectively corresponding to the (h k 1) values
of the peaks (111),(200),(220),(311),(222),(400),
(311),(420)and (4 2 2) respectively. All the diffraction
peaks in the spectra are analogous to the literature pattern
of face centered cubic phase PbS (galena) powder (JCPDS
file n0.5-592), confirming the formation of PbS particles,
which inconsistent with values reported in the previous
literature [37,38]. Also, the average particle size of the PbS
Nanoparticles was estimated by the Scherrer equation.

_ 0.9A
B Cosb

Where, D is the average crystalline size of the PbS
nanoparticles, 0is the peak position angle, A is is
wavelength of the X-ray radiation and f3 is the full width at
half-maximum (FWHM) of the XRD corresponding Peaks.
The results show that the average crystalline size of the
obtained lead sulfide nanoparticles is 20 nm and Lattice
strain 0.0044.

3.1.4 Field emission gun scanning electron
microscope (FEG-SEM) with EDS of PbS
nanoparticles

Field emission gun scanning electron microscopy (FEG-
SEM) analysis was performed by JEOL JSM-7600F model
and showed morphological features and examine the
surface morphology and distribution of nanoparticles. The
Figure-6 shows FEG-SEM micrographs of the PbS
nanoparticles presented the homogenous distribution of
nano particles. FEG-SEM images (Figure-6) represented
the spherical cluster of PbS nanoparticles. The
Stoichiometric composition of PbS nanoparticles is shown
in the EDS profile. From the micrograph, it was observed
that the nanoparticles are almost uniform in size. The PbS
Nanoparticle morphology was observed like cubic shape.

The EDS spectra obtained for PbS nanoparticles (Figure-
7). EDS spectra of PbS show the peaks for Lead and Sulfur
elements indicating the good development of PbS
nanoparticles. Peak indexing of the elements is Sulfur 2.4
keV and Lead 1.8, 2.5, 2.7, 9.2 keV. The compositions in
the mass percentage of the elements are Sulfur 41.34 % and
Lead 46.28 %. The above data indicate no other impurities
in synthesized PbS nanoparticles.

(200)

XRD Spectrum of PbS NPs

1.0e+004- ann

(220)

Intensity (cps)

5.0e+003

0.0e+000 “_W-hj U\

20 40 80 80
2-theta (deg)

(420)
(400) (311)

(422)

Fig. 5 X-ray diffraction spectra of PbS nanoparticles.

Fig.6: FEG-SEM images for Lead Sulfide nanoparticles.
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Fig.7: EDS spectra for Lead sulfide nanoparticles.

3.1.5 High resolution transmission electron
microscope (HR-TEM) of PbS nanoparticles

High resolution transmission electron microscopy (HR-
TEM) was performed using Tecnai G2-F30 model.
Crystalline Size and shape morphology studied by HR-
TEM. The HR-TEM images (Figure-8) confirm the particle
size of the PbS is to be 25 nm in cubic shape. Using the
selected area electron diffraction (SAED) pattern with
bright circular spots, the crystallinity of the PbS
nanoparticles was evidenced.
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Fig.9: Photoluminescence spectra of lead sulphide nanoparticles.

3.2 Photocatalytic activities:

The photocatalytic degradation of Janus Green B dye using
PbS nanoparticles under visible light was investigated by
visible absorption spectroscopy, and most kinetic
measurements were performed at room temperature (300 K).
The concentration of dye in the form of absorbance before
and after photocatalytic degradation was measured at 660 nm
(Amaxvalue obtained for Janus Green B dye). A 200 W
tungsten lamp (Philips) was used as the visible light source.
A cutoff filter was placed between the light and the sample
(filled with water) to remove the thermal radiation just to
ensure elucidation by visible light. The progress of the
photocatalytic reaction was observed by taking absorbance at

regular time intervals.

Fig.8: HR-TEM images for Lead sulfide nanoparticles.

3.2.1 Effect of the amount of PbS nanoparticles

3.1.6 Photoluminescence Spectrum of Lead The effects of the amount of PbS nanoparticles are also likely
Sulfide Nanoparticles to affect the process of dye degradation and therefore,

different amounts of nanoparticles were used.

E:gopaﬁgfg;u?;m:;g?;ein i%zct?gr?lre_(;f; Tlﬁ::dexcsi}[l;ggzh has been observed that as the amount of nanoparticles was
wavelength was 650 nm. The emission spectrum Showsmcreased, the rate of photo degradatlpn of Janus Grepn B also
broad peaks at 792 nm. The peaks were attributed tolncreased as well as the number of active sites. But ultimately the
emissions from defect levels. As observed from figure, rate became almoist constant after adding a certain amount (Q.S g) f)f
sharp emission peak is observed at 792 nm when thenanqpartlcles.. This may be due to the fact. that, qfter a certain limit,
samples were excited at 650 nm. The peak position remainsthe increase in amount of. PbS .nanopartlcles did not increase the
constant in all the cases, although a variation in intensity.eXposed surface. area (active sites) of the nanoparticles. It O?ﬂy
has been founded. M. Navancethan ef al. have reported an1ncreased the thickness of the laye.r, as the bottom of .the reaction
emission at 796 nm in the PL spectra of PbS on excitatio vessel was covered by the nanoparticles. It may be considered that a

at 760 [38] nkir?d of saturation point was reached, anq that, after this saturatiqn

' point no effect of amount of nanoparticles was observed. This
hypothesis was also confirmed by using reaction vessels of different
dimensions. As the bottom area of the vessel increased, the
nanoparticles exposed area also increased, hence, the rate of
photocatalytic degradation increased. In the present work, beakers of
the same size were also used for a whole experiment and, after a
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maximum exposure to nanoparticles; further addition g&f2. 3 Effect of concentration of Janus Green B
nanoparticles only increased the layer thickness, but did n%}e

contribute to increase the photocatalytic degradation rate.
The concentration of dye was varied from 50 ppm to 250

Dose of PbS NPs pm.
4 Effect of dye concentration
35 /\ 5 y
3 e
7:2.5 // 4 w
5 7]
g 2 L 3
X 15 i
= 1 2 /—/
0.5
0 0.2 04 0.6 08 1 0 T T T T T T T T )
Dose of PbS NPS (g) 25 50 75 100 125 150 175 200 225 250
Dye concentration (ppm)

Fig.10: Effective dose of PbS nanoparticles. . :
Fig.12: Effect of Dye concentration.

3.2.2 Effect of pH It has been observed that the rate of photocatalytic

. ] ) ] degradation increases with increase in the concentration of
The effect of pH on photocatalytic degradation was investigated jpe dye up to 200 ppm. This may be due to the fact that as

the range 4.5 — 8. ) the concentration of the Janus Green B was increased, more
It is evident from the data that the degradation rate of Janus Green @ye molecules were available for excitation and

increases with increasing pH of solution up to 7 and above this valyggecutive degradation. Hence, an increase in the rate was
of pH, the rate of photocatalytic degradation of Janus Green B starf$,cerved. The rate of photocatalytic degradation was found
decreasing. It may be explained on the basis that at low pH, the azg decrease with further increase in the concentration of
dye (Figure 2) was attracted by positively charged surface @fc This may be attributed to the fact that the dye started
nanoparticles, but after a certain limit, further increase in pH turn ting as a filter for the incident light and it does not permit
surface of nanoparticles as negatively charged. Due to presence ¢fe desired light intensity to reach the photocatalyst surface
lone pairs on two oxygen atoms, Janus Green B (Figure 2) seems {§ 5 limited time domain; thus, decreasing the rate of
face a force of repulsion from negatively charged surface of ﬂfﬂlotocatalytic degradation of Janus Green B.

nanoparticles, which results into a decreasing rate of reaction.

3.2.4 Effect of light intensity

Effect of pH
ectotp The effect of the variation of the light intensity on the rate

3.5 was also investigated and the observations are represented

3 N in graph.
25

T2 /J Effect of Light Intensity
S5

% ‘_J 5
x 1
0.5 ;‘4 ’—r"/’
w)
O T T T 1 ? 3
4 5 6 7 8 S,
pH <
=1
Fig.11: Effect of pH. 0 . ; . . . T )

0 10 20 30 40 50 60 70
Light Intensity (mWcem2)

Fig.13 Effect of Light intensity
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The data indicate that the degradation action was
accelerated as the intensity of light was increased, because
any increase in the light intensity increases the number of
photons striking per unit time per unit area of the
nanoparticles. An almost linear behavior between light
intensity and the rate of reaction has been observed.
However, higher intensities were avoided due to thermal
effects.

3.2.5 Tentative mechanism of Janus Green B
photo degradation

On the basis of our experimental observations, a tentative

mechanism for photocatalytic degradation (mineralization)
of Janus Green B may be proposed as:

hy
NG, — G, (1)
ISC
NG, —— %G, )
hy
PC — PC[h" (VB) +¢ (CB)] 3)
}JGy+ e ——— %G, (Leuco form) 4)

3JG;” (Leuco form) ——————— photoproducts (5)

In the reaction, dye molecules absorb radiations of suitable
wavelength and give rise to the singlet excited state (1).
Then it may undergo an intersystem crossing (ISC) process
to yield the more stable triplet excited state of the dye (2).
Photo catalyst (PbS NPS) (PC) also utilizes the radiant
energy to excite its electron from the valence band (VB) to
the conduction band (CB), thus, leaving behind a hole (h*)
in the VB (3). The electron present in the CB may be
utilized to reduce the dye triplet excited state into its Leuco
form (4), which ultimately degrades to photoproducts (5).
Another possible variant of this tentative mechanism would
be the reduction of the dye excited singlet state (JG1). The
absence of role of hydroxyl radicals in this photocatalytic
reaction was also confirmed by the fact that the reaction
rate remained almost unaffected in the presence of the
hydroxyl radical scavenger, 2-propanol.

Gel N

O T T T 1
0 50 150 200

100
Time (min.)

Janus Green B dye =200 ppm; PbS NPs=0.5 g,
Light intensity = 70 mWem?; pH = 7, R.T.

Fig.14: Photocatalytic performance of PbS nanoparticles.
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Time (min)

Fig.15: Photocatalytic degradation of Janus Green B dye.

4 Conclusions

Lead sulfide nanoparticles were successfully prepared by
the use of Low cost and very effective chemical
Displacement reaction at optimum conditions with using
CTAB as a stabilizer. Synthesized lead sulfide
nanoparticles by the chemical displacement method were
composed of the Cubic in shape. The composition and
structure of the synthesized Lead sulfide nanoparticles at
optimum conditions were characterized by UV-Vis, FT-IR,
XRD, FEG-SEM, EDS, HR-TEM and PL
(photoluminescence) techniques. The results of present
study clearly confirmed the formation of Lead sulfide
nanoparticles. From UV-Vis spectra, absorption peak
observed around 495 nm confirms the formation of PbS
NPs and XRD patterns show that average particles size
found 20 nm. Photocatalytic activity of the prepared PbS
nanoparticles was studied and the results exposed the
potential of the synthesized lead sulfide nanoparticles as a
photo catalyst in Janus Green B (JGB) dye degradation.
The degradation rate increased with increasing pH because
more hydroxyl ions were present (generating more
hydroxyl radicals). It attains maximum rate at pH 7.0; a
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further increase in pH above 7.0 results in a decrease in the
rate of the reaction, because of decreasing attraction
between the neutral form of the dye and the negatively
charged nanoparticles surface. Increasing the concentration
of Janus Green B also increased the rate up toa certain
value due to the increase in the number of dye molecules,
but it shows a declining behavior on further increase of the
concentration of dye. This decrease may be attributed to the
fact that at higher concentration, the dye may act as an
internal filter for the incident radiations, which decreases
the intensity of the incident radiation on the nanoparticles.
The results indicate that initially the rate increases with
increasing amount of nanoparticles but after 0.5 g, the rate
becomes virtually constant (saturation behavior). This may
be due to the complete coverage of the bottom of the
reaction vessel by the nanoparticles. Any further increase
will not add to an increase in the exposed surface area but
only increases the thickness of the layer. An increase in the
light intensity will increase the number of photons striking
Lead sulphide nanoparticles per unit area per second and as
a consequence, the reaction rate increases almost linearly
with the increase in light intensity. Scavengers trap the
active species by reducing their activity in the solution and
as a result reaction rate becomes quite low or reaction
almost stops. The optimum reaction conditions were
obtained as: pH = 7.0; [Janus Green B] = 200 ppm; PbS
NPs = 0.5 g; contact time = 150 min; light intensity = 70.0
mWcem 2. The results showed after optimum reaction
conditions maximum degradation (about 93.5 %) of JG-B
was achieved.
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