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Abstract
Polymers capped lead sulphide (PbS) nanoparticles were successfully synthesized by simple wet
chemical method. The synthesized product has been characterized by powder X-ray diffraction
(XRD), UV–vis spectrophotometry, FTIR spectroscopy, scanning electron microscopy (SEM),
transmission electron Microscopy (TEM), energy dispersive X-ray spectroscopy (EDX) and
photoluminescence studies. PVA capped PbS nanoparticles size was determined by XRD analysis .
It is and it is found that the size of the particles of the order of 5 – 42 nm range . FTIR and EDX
analyses are used to identify the presence of organic molecules and elements in the synthesized PbS
nanoparticles. Significant “blue shift” from bulk material was observed, were polymer matrices
(PVA,PEG,P123) were used as capping agent . A 10-fold increase in photoluminescence intensity is
reached at 0.5 g/ml PVA addition . In other hand, PbS nanoparticles are capped with different
amounts of polymers such as (PEG and P123). The optical properties of capped nanoparticles were
characterized by using UV-vis and photoluminescent spectroscopy .The optical absorption edge of
the PbS nanoparticles is shifted toward the shorter wavelength region with increasing PEG
concentration ,this blue shift in the optical absorption edge due to complete interaction between
PbS particles are polymer PEG matrix. The optical band gap values for uncapped and capped PbS
nanoparticles have been calculated from the absorbance versus energy plots by using UV-Vis
absorption spectra and it is found to vary from 2.8 eV to 5.37 eV. It shows that band gap of PbS
increases as the concentration of PEG increases. The increase in the band gap of the PEG capped
PbS nanoparticles is indicative of size quantization effects. In other hand photoluminescence spectra
of PEG capped PbS colloidal nanoparticles show strong emission peak centered at 798nm , and the
Pl intensity of PbS capped with PEG was enhanced by a 9-fold, in comparison with uncapped PbS.
In the present study, we have not observed any further shift in the emission spectra with the change
in PEG concentration. It shows that PEG capped PbS nanoparticles exhibits good optical properties
due to the formation of smaller size particles.
The optical spectra of P123 capped PbS exhibits three absorption peaks at low concentration of
capping agent ,due to the strong quantum confinement effect . These peaks are slightly shifted to a
lower wavelength as the concentration of P123 was increased. Therefor, the peaks are gradually
disappeared at high concentration of capping agent. However, the peak heights and positions are
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different from other systems, indicating a different size and size distribution. The optical band gap
values for uncapped and capped PbS nanoparticles is found to be from 2.8 eV to 5.85 eV .
Our results indicated that lead sulfide capped with P123 has a larger band gap and smaller average
particles size when compared with PbS capped with PEG. The results revealed better surface
passivation of PbS nanoparticles when capped with P123.
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الملخص باللغة العربية

تحضير ودراسة الخواص الضوئية للجسيمات النانونية لكبريتيد
الرصاص المغلف بالبوليمر
تعتبر أشباه الموصالت المحضرة في ﺣجم النانونو ذات أھمية كبيرة ،ﺑسبب تغير الخواص الضوئية للجسيمات مع تغير ﺣجمھا
مقارنة في الجزيئات الكبيرة .ويعزى تحسين الخواص الضوئية للجسيمات النانونية لكبريتيد الرصاص الى نتيجة تغليفھا ﺑالبوليمر ،
فعندما يكون ﺣجم الجسيمات النانوية أقل من نصف قطر ﺑوھر،فذلك يؤدي الى ما يعرف ب " تأثير الحبس الكمي ".
وھنالك عملية تسمى ﺑالتغليف )االﺣاطة( ﺣيث يتم من خاللھا تغليف سطح ﺑاستخدام مواد مثبتة او مطعمة او عامل للتغليف.
و يعد  PbSمن أھم أشباه الموصالت الموجودة في  IV-VIمن الجدول الدوري  ،ﺑسبب ضيق فجوة الحزمة ) (Eg = 0.41 eV
 ،وأيضا نصف قطر ﺑوھر =  18نانومتر ،فلذلك يمكن استخدامه في العديد من التطبيقات  ،مثل تصنيع الخاليا الشمسية ،وأجھزة
الكشف عن األشعة تحت الحمراء،الثنائيات الباعثة للضوء ،واالتصاالت البصرية،الخ .كما يتم تحضيره عن طريق عدة تقنيات مثل
التشعيع الميكرويفي  ،الترسيب الكھرﺑي و الطرق الكيمياتية .
في الدراسة الحالية،الجسيمات النانوية لكبريتيد الرصاص التي تكون أدنى من ﺣجم نصف قطر ﺑوھر تم تغليفھا في وجود العديد
من البوليمرات مثل ) . (P123,PEG,PVAكما تم دراسة الخواص الضوئية ،التركيبية والسطحية ﺑاستخدام العديد من التقنيات
مثل )(XRD) , UV–vis, FTIR , (SEM), (TEM), (EDXو تقنية photoluminescence
وتbbم ﺣسbbاب ﺣجbbم الجسbbيمات النانونيbbة لكبريتيbbد الرصbاص المغلفbbة ﺑbbالبولي فينيbbل الكحbbول ﺑاسbbتخدام  XRDووجbbد أن ﺣجbbم كبريتيbbد
الرصاص يقل من  42نانومتر إلى  5نانومتر فbي ﺣالbة تغليفbه ﺑbالبوليمر  .كمbا تbم اسbتخدام تقنيbة  FTIRو EDXللتأكbد مbن تغليbف
كبريتيد الرصاص ﺑالبولي فينيbل الكحbول  ،وﺑعbد دراسbة الخbواص الضbوئية للعينbات ﺑاسbتخدام جھbاز الطيbف الضbوئي ) UV–vis
 ( spectraوجھاز التألق الضوئي ) ( photoluminescenceتبbين انتقbال ﺣزمbة الطاقbة لكبريتيbد الرصbاص النbانوني نحbو االزرق
نتيجة صغر ﺣجم جسيماتھا النانونية  ،وقد ظھر ان شدة التألق الضوئي للجسيمات النانونيbة المغلفbة ﺑbالبوليمر زادت عشbر امثbال عbن
شدة التألق لكبريتيد الرصاص الغير مغلف .
من ناﺣيbة أخbرى  ،تbم دراسbة الخbواص الضbوئية لكبريتيbد الرصbاص المغلbف  PEGوتbم مالﺣظbة انتقbال ﺣزمbة الطاقbة نحbو االزرق،
نتيجة لزيادة تركيز البوليمر .كما تم ﺣساب قيم فجوة الحزمة للجسيمات المغلفة وغير المغلفة ﺑالبوليمر ولوﺣظ انھا تتغيbر مbن  2.8الbى
 5.37الكترون فولت  .ومن خالل دراسة التألق الضوئي لكبريتيbد الرصbاص المغلbف  PEGتbم مالﺣظbة قمbة انبعbاث قويbة مركزھbا
يقع عند  798نانومتر .وقد ظھر أن شدة التألق الضوئي للجسيمات النانونية المغلفة ﺑالبوليمر زادت تسع أمثال من شدة التألق لكبريتيbد
الرصاص الغير مغلف .
في ھذه الدراسة لم يتم مالﺣظة أي انتقال لالنبعbاث مbع تغيbر تركيbز البbوليمر .وﺑbذلك تbم اثبbات ان كبريتيbد الرصbاص المغلbف يظھbر
خواص ضوئية جيدة ،نتيجة تكوين الجسيمات الناونية الصغيرة.
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ﺑاإلضافة إلى ما سبق  ،تم دراسة الخواص الضوئية لبوليمر  P123على كبريتيد الرصاص ،فقد لوﺣظ ايضا انتقال ﺣزمة الطاقbة نحbو
االزرق نتيجة لزيادة تركيز البوليمر .وقد لوﺣظ من قياس الطيف الضوئي لمحلول كبريتيد الرصاص ذو التركيز المنخفض والمغلف
  P123ﺑظھور ثالث قمم ،وان ھذه القمم تختفي تدريجيا ﺑزيادة تركيز كبريتيد الرصاص .
كما تم ﺣساب قيم فجوة الحزمة للجسيمات المغلفة وغير المغلفة ﺑالبوليمر ولوﺣظ انھا تتغير من  2.8إلى  5.85الكترون فولت .
,وﺑدراسة التألق الضوئي لكبريتيد الرصاص المغلف  P123تم مالﺣظة قمة انبعاث قوية مركزھbا يقbع عنbد 797نbانومتر .وقbد ظھbر
أن شدة التألق الضوئي للجسيمات النانونية المغلفة ﺑالبوليمر زادت سبع أمثال عن شدة التألق لكبريتيد الرصاص الغير مغلف.
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CHAPTER ONE
INTRODUCTION

1

1.1 Nanotechnology
The end of twentieth century witnessed a major scientific and technological development, the
consequences of which are only now beginning to become apparent. Three factors – a better
understanding of the

properties of matter at the atomic level, progress based on the

molecular approach to the way living organisms operate, and the rise of information
processing – have led to the increasing unification of different disciplines of science (physics,
chemistry, biology) on the nanometer scale, forming what we now know as the nanosciences.
Nanotechnology is an emerging field of research and technology dealing with the fabrication
and engineering of materials, structures, and systems with nano-scale size at least in one
dimension [1]. The origin of this movement is often traced to the end of 1959, the date of the
founding speech by Richard Feynman ‘There is plenty of room at the bottom’ [2], made at
the annual meeting of the American Physical Society at California Institute of Technology.
The term “nanotechnology” was first coined in 1974 by Norio Taniguchi, then a professor of
Tokyo Science University [3]. The essence of nanoscience and nanotechnology is the ability
to understand, fabricate and engineer materials, devices and systems

in the nanometer

regime. The concepts and ideas derived from chemistry, physics, engineering and biology are
merged together to design a novel material with desired properties. The properties and
functionalities of the materials building blocks may be different as their size grows from the
nano-regime to the micro regime and finally to bulk structures [1b]. Nanotechnology is
considered as an enabling technology by which existing materials, virtually all man-made
materials and systems, can acquire different properties rendering them suitable for numerous
novel applications varying from structural and functional to advanced in-vivo biomedical
applications [4]. Structural arrangement of atoms and the length scale of the materials are
the two parameters, which when tailored properly at the nanometer scale could lead to the
variation in properties of materials compared to its bulk structure [5]. Figure 1.1 shows a
picture illustrating the comparison between various naturally occurring objects and manmade materials at different length scales. In order to realize practical devices

with

nanomaterials utilizing their unique properties, nanoparticles with different sizes, shapes and
compositions need to be synthesized. Incidentally, significant achievements have been

2

accomplished in this regard and nanoparticles with myriad size and shapes over a wide range
of compositions can be synthesized today.

Figure 1.1 A picture representing the relative sizes of various natural and human made objects.(courtesywww.sustainpack.com/images ).

In attempts to fabricate miniaturized devices, it has been realized that the reduction in the
size of a material leads to changes in properties such as electrical conductivity, color,
mechanical strength, magnetic behavior and melting point etc, those that are considered
substantial in nature against their bulk counterpart [6]. Increasing knowledge about the
unique properties of nanomaterials has lead to renewed interest in them for potential
applications. Gold nanoparticles have been used since ancient times to impart red color to
glass – a fine example is the famous Lycurgus cup that dates back to 4th century AD [7].
Although described in Roman times, the production of gold – ruby glass was not
3

rediscovered until the seventeenth century when sizable red glass vessels were first made by
adding ‘Purple of Cassius’, a precipitate of colloidal gold and stannic hydroxide, added to the
base glass [7]. In the present days the application of nanomaterials extends to wide-ranging
areas such as catalysis [8], biosensing [9], drug delivery [10], diagnostics [11], solar cell
[12], optoelectronics [13], cell labeling and imaging [14,15], photonic band gap materials
[16], single electron transistors [17,18], non-linear optical devices [18], and surface enhanced
Raman spectroscopy [19] etc. to list a few. An interesting aspect of nanomaterials is the
number of various factors that could influence their observable properties only to make them
applicable in the various aspects of our day-to-day life. The change in observable properties
of nanomaterials such as color, optical and electronic behavior, and magnetic response is due
to the fact that as the size approaches atomic dimensions, energy level bands are slowly
transformed into quantized discrete energy levels. Since the changes in the electronic
structure occur in the nanometer region, it gives an insight as to how the properties evolve
from the molecular or atomic level to the bulk. Further, the reduction in size would confine
the electronic motion, which will affect the physical and chemical properties of the material
[20]. The change in physical properties of nanomaterials is also because of their dimensions
being comparable to the de Brogilie wavelength of the charge carriers and their high surface
to volume ratio [21]. One of the readily discernible properties in case of certain metal
nanoparticles is their color. The color of metal nanoparticles originates from the surface
plasmons i.e. coherent and collective oscillations of the surface electrons [20,22]. The
excitation of the surface plasmons by the electromagnetic field at an incident wavelength
where the strong resonance occurs results in strong light scattering and the appearance of
intense surface plasmon resonance bands and an enhancement of local electromagnetic fields
[23]. The quantum size effects are studied well in case of semiconductor nanoparticles and
the energy level spacing for the spherical nanoparticles is predicted to be inversely
proportional to the square of the nanoparticle radius [24]. Thus with decreasing size the
effective band-gap energy of semiconducting nanoparticle increases effecting the blue shift
in observed absorption and emission spectra. Beside the optical properties, an advantageous
result of the size of the nanoparticles is the large surface to volume ratio of the corresponding
material compared to their bulk counter parts. Greater availability of the surface area
facilitates in a number of applications such as catalysis [25], drug delivery [26] and energy
storage [12].
4

1. 2. Semiconductor nanoparticles
Semiconductor and metal nanoparticles are in the focus of scientific research: It has been
shown that size of these particles determines their properties [1,27]. Because their unique
electronic nature privileges them for a large variety of potential applications ,e.g., biological
labels [15,28,29], displays [30], solar cells [31,32] and quantum-dot lasers [33, 34].
Examples of such systems are quantum-dots embedded in solid-state structures, particles on
surfaces or clusters in the gas phase. Beside zinc oxide and zinc sulphide the cadmium
chalcogenides are the prototypical systems of the II–VI semiconductor compounds. Already
for some hundred years cadmium sulphide (CdS) has been used as a pigment because of its
colour. Solid CdS is a yellow material, due to its band gap of 2.58 eV [35]. It provides useful
properties for optoelectronic devices, such as photosensitive and photovoltaic devices or as
photo resistors [36]. At the nanometre scale these materials are at an intermediate level
between atomic, molecular and bulk revealing new physical properties. In 1982 Henglein
observed a blue shift in the absorption spectra of a colloidal solution of CdS with respect to
the bulk band gap [37]. One year later, this effect was explained by Brus, who discovered its
quantum mechanical nature [38]. Much progress has been achieved in the controlled
synthesis of such nanoparticles with a narrow size distribution [39]. In1993 Murray, Noris
and Bawendi developed a method, which allowed the size selective synthesis of cadmium
chalcogenide nanoparticles on a macroscopic scale [40]. This method opened the field for
detailed investigations of the properties of these nanoparticles, as well as their application
[1,27].
In the size regime below approximately10 nm the macroscopic physical properties of
nanoparticles and nanocrystals are dominated by quantum mechanical rules. The spatial
restriction of nanoparticle affects the wavelength of the electrons, which is reduced compared
to the bulk. This effect is referred as quantum-confinement or quantum-size effect
(QCE/QSE). The simplest model of this effect is the non atomistic quantum mechanical
problem of the ”particle in a box”. This is the basis for the effective mass approximation for
the description of the electronic structure of these nanoparticles [38,41-44]. The second
important effect of clusters, in particular of small nanoparticles, is the surface effect: The
number of surface atoms is a large fraction of the total number of atoms in the nanoparticles.
Even though the surface atoms are responsible for distinct contributions to the free energy
and, thus, large changes in thermodynamic characteristics [45,46]. In solution, the chemistry
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of the surface is determined by protective ligand. The optical processes of such
semiconductor nanoparticles, especially the technologically interesting luminescence
properties, are found to be affected by the structure of the surface [24,47]. For instance
dangling bonds partially or fully quench the luminescence quantum yield. This effect could
be of interest for an application in solar cells. In contrast, a maximum luminescence quantum
yield is obtained with in a defect free surface, such as reported for single nanoparticles
[48- 50].
1.3. polymers coating
Although most studies have focused on the development of small organic molecules and
surfactants coating up to now, owing to the advantages of polymers coating will increase
repulsive forces to balance the magnetic and the van der Waals attractive forces acting on the
nanoparticles. In addition, polymers coating on nanoparticles offer a high potential in the
application of several fields. Moreover, polymer functionalized nanoparticles have been
extensively investigated due to interest in their unique physical or chemical properties. To
make use of these materials for fundamental or applied research, access to well defined
nanoparticles samples whose properties can be ‘‘tuned’’ through chemical modification is
necessary. In a number of cases it has now been shown that, through careful choice of the
passivating and activating polymers and/or reaction conditions, can produce nanoparticles
with tailored and desired properties. Polymer coating materials can be classified into
synthetic and natural .
The saturation magnetization value of nanoparticles will decrease after polymers
functionalization. Currently, there are two major developing directions to form polymers
functionalized nanoparticles, as follows: One is for the purpose of expanding application
range by introducing the functional polymers. For instance, Gupta et al. [51] have reported a
microemulsion polymerization process to prepare a poly ethylene glycol (PEG)-modified
super paramagnetic iron oxide nanoparticles with magnetic core and hydrophilic polymeric
shell. Highly monodispersed nanoparticles were synthesized by using the aqueous core of
aerosol-OT (AOT) Sodium Diethyl dioctyle sulfosuccinate/n-Hexane reverse micelles
(without microemulsions) in N2 atmosphere. The average size of the PEG-modified
nanoparticles was found to be around 40–50 nm with narrow size distribution.
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It is important that the cytotoxicity profile of the nanoparticles on human dermal fibroblasts
as measured by standard 3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyl tetra zolium bromide
assay showed that the particles are nontoxic and may be useful for various in vivo and in
vitro biomedical applications. Monomer polymerization method or in-suit synthesis in the
microporous of polymeric microsphere was employed for obtaining the uniform magnetic
composite nanoparticles with high content of nanoparticles [52]. As Zhang et al. [53]
reported, an approach employs polymer micro gels as templates for the synthesis
nanoparticles.

1.4. Size and morphology dependent properties of metal sulphide nanoparticles :
The physical and chemical properties of materials are defined by the motion of their
electrons. The absorption of light for a material occurs by the transfer of electrons from the
valence band to the conduction band. The minimum energy required to excite an electron
from the valence band to the conduction band is known as the band gap energy (Eg), which is
a characteristic of the material. The valence and conduction bands of metals tend to overlap
whereas a band gap formation is evident for semiconductors and ceramic materials.
However, the band gaps of ceramics are too large and thus, these materials have poor
conductive properties. As an electron is excited to a higher energy state conduction band, it
leaves a hole in the valence band, forming a charge carrier couple. These carrier couples are
weakly bonded to each other by Coulombic charges. The relaxation of an electron from a
higher state to a lower state energy levels, recombination of a charge couple in other words,
results in the emission of light at a certain wavelength which is dependent on the band gap
energy. The confinement of charge carriers leads to a drastic change in the physical and
chemical properties of semiconductors. When the size of a particle, in any dimension, is
smaller than the Bohr exciton radius, which is characteristic to the material and defines the
minimum distance between the charge carriers, the quantum confinement effects become
observable. For particles with a spherical morphology, quantum dots that are confined in all
dimensions (0D), the energy states evolve into a discrete form and the band gap becomes
larger compared to unconfined counterparts. At this confined regime, the size of the band gap
of a semiconductor can be tailored by controlling the size of the semiconductor particle itself
because of this inversely proportional relation between particle size and band gap energy.
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The morphology of the particles is also another significant parameter on which the properties
depend on. Zero-dimensional (0D) particles have a spherical morphology and confinement is
exerted in all three dimensions. One-dimensional (1D) anisotropic particles are quantized
along two dimensions where two-dimensional (2D) particles are quantized along one
dimension. If the particles are not confined in any dimensions, these particles are called
three-dimensional (3D) particles. The confinement of the particles from any dimension
affects the density of states (DOS) of the energy states. The morphology dependence of DOS
is summarized by Alivisatos in Figure 1.2 [24]. Spherical particles transmit circularly
polarized waves whereas particles with an anisotropic morphology transmit polarized light
linearly [54]. Studies show that the degree of polarization is dependent on the aspect ratio of
the anisotropic structures [55]. Complex morphologies, on the other hand, such as tetrapods,
[56] flower-like, [57] ribbon-like [58] and peanut-like [59] morphologies reveal interesting
emission properties. The peanut-like morphology, for example, is one of the best examples
for unique emission behavior because of their microcavity geometry at the intersection of
two spherical parts. Earlier studies show that deformed boundaries reveal directional
emission [60,61]. According to Shu et al.’s theoretical work, peanut-shaped particles,
affected by the cavity geometry and refraction index, provide strong collimation and narrow
emission divergence [60]. Band gaps of semiconductors are also highly dependent on the
morphology of the particles. Some previous studies show that the degree of confinement is
affected by the diameter and the length of the particles [62-64]. According to Li et al., a
change in the diameter reveals a strong confinement and a variation in the length of the rods
exhibit weaker confinement effects [63].

8

Figure 1.2 The ideal density of states of 3D, 2D, 1D and 0D structures [20].

9

1. 5. Properties of bulk lead sulphide (PbS)
Lead sulfide is an inorganic compound with the chemical formula PbS. It is also known as
galena, which is the principal ore and important compound of lead. It is one of the earliest
materials to be used as a semiconductor as it tends to crystallize in sodium chloride. Lead
sulfide is toxic if it is heated to decomposition, which forms lead and sulfur oxides. The
crystal structure most commonly used for PbS is the face-centered cubic galena structure.
The major XRD peaks are at 25.6° (111), 30.1° (200) , 43.1° (220), 50.9° (311) and 53.4°
(222). Other peaks that are indicative of oxides are possible, but the above peaks in tandem
with other characterization techniques help to distinguish PbS from any oxide crystal
structures. CaRine Crystallography software was used to build a unit cell model for the
crystal structure of PbS [64]. The crystal structures is found in Figures 1.3. For the PbS
crystal structure the space group was Fm3m (225) with lattice parameters of a= b= c= 5.936
Å. Atomic coordinates were: Pb (x=0, y=0, z=0); S (x =1/2, y =1/2, z =1/2).
Table 1.1: Electronic properties of bulk PbS.

Properties

Molecular formula

PbS

Molar mass
Density
Melting point
Boiling point
in waterSolubility

239.30 g/mol
7.60 g/cm3
1,118 °C; 2,044 °F; 1,391 K
1,281 °C; 2,338 °F; 1,554 K
2.6×10−11 kg/kg (calculated, at pH=7) 8.6×10−7 kg/kg

, KspSolubility product

9.04×10−29

(nD)Refractive index

3.91
Structure
(cubic), cF8Halite
Fm3m, No. 225
a = 5.936 Angstroms [
Octahedral (Pb2+)
Octahedral (S2−)

Crystal structure
Space group
Lattice constant
Coordination
geometry
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Figure 1.3. PbS face-centered cubic crystal structure.
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1.6 Techniques for synthesis of nanoparticles
Chemical synthesis is purposeful execution of chemical reactions in order to get a product, or
several products. This happens by physical and chemical manipulations usually involving
one or more reactions. A chemical synthesis begins by selection of compounds that are
known as reagents or reactants. In the synthesis of semiconductor nanoparticles through wet
chemical, the processes for oxide semiconductor nanoparticles and

non - oxide

semiconductor nanoparticles are significantly different from each other. Non - oxide
semiconductor nanoparticles are commonly synthesized by pyrolysis of organometallic
precursors dissolved in an hydrate solvent at elevated temperatures in an airless environment
in the presence of polymer stabilizer or capping material [65]. In the synthesis of metallic
nanoparticles, polymers attached on the surface are commonly termed as polymer stabilizers.
However, in the synthesis of semiconductor nanoparticles, polymers on the surface are
generally referred to as capping materials.
Capping materials are linked to the surface of nanocrystallites via either covalent bonds or
other bonds such as dative bonds. Examples are sulfur and transition metal ions and nitrogen
lone pair of electrons form dative bond. The formation of monodispersed semiconductor
nanocrystallites is generally achieved by the following approaches. First, temporarily discrete
nucleation is attained by a rapid increase in the reagent concentrations upon injection,
resulting in an abrupt supersaturation. Second, Ostwald ripening during aging at increased
temperature promotes the growth of large particles at the expense of small ones, narrowing
the size distribution. Third, size selective precipitation is applied to further enhance the size
uniformity. Although organic molecules are used to stabilize the colloidal dispersion, similar
to that in the formation of metallic colloidal dispersions, the organic monolayer on the
surfaces of semiconductor nanoparticles plays a relatively less significant role as a diffusion
barrier during the subsequent growth of initial nuclei. This is simply because there is
negligible probability for subsequent growth of initial nuclei due to the depletion of growth
species and the drop of temperature at the nucleation stage.
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There are several processes to create nanomaterials. Two main approaches are used in
nanotechnology.

1.6.1 Top-down approach
Top down approach refers to slicing or successive cutting of a bulk material to get nano
sized particle. This approach has following processes:- (Ball milling, Photolithography,
Etching, Sputtering ).However, it is synthetically too expensive (and not industrially
scaleable) to arrange such small units into their desired positions by hand. The biggest
problem with top-down approach is the imperfection of the surface structure. The
conventional top-down techniques such as lithography can cause significant crystallographic
damage to the processed patterns, and additional defects may be introduced even during the
etching steps [66].

1.6.2 Bottom-up approach
Bottom up approach refers to the build up of a material from the bottom : atom by atom,
molecule by molecule or cluster by cluster. This approach has following processes:( Chemical precipitation, Sol-gel, Solvothermal, Hydrothermal). Chemists are largely
focused on “bottom up” techniques that afford the self-assembly of nanoscale species [67].

Fig.
1.4.
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Comparison of the “top-down” and “bottom-up” approach to nanomaterials synthesis.

1. 7. Literature review :
Semiconductor nanoparticles have good optical and electronic properties and there has been
much interest in the synthesis and characterization of sulphide nanoparticles [68-70]. Lead
sulphide is an important IV–VI group semiconductor, which has attracted considerable
attention owing to its special small direct band gap (0.41 eV) and large excitonic Bohr radius
of 18 nm [71,72]. The band gap can be blue shifted from the near infrared to the visible
region by forming nanocrystallites. The exciton absorption and emission of PbS nanocrystals
strongly depend on the particle size and surface modification. This is led to the strong
absorption and fluorescence in the visible or infrared region, associated with high quantum
efficiency of emission and low optical losses [73,74] , and small effective mass of electron
and hole. It also possesses high carrier mobility (0.44 Cm2V-1S-1) and dielectric constant
(17.3) [75,76] .Nanoparticles of lead sulphide have been synthesized recently by different
chemical methods with controlled particle size distribution [77-80]. A variety of chemical
methods such as chemical vapour deposition (CVD), chemical bath deposition (CBD),
electro deposition, spray pyrolysis, SILAR, solvothermal [81], microwave irradiation [82],
thermal decomposition [57], etc have been employed for preparation of PbS nanocrystals
[74,77,83-91]. During wet chemical synthesis of

nanoparticles, organic stabilizers are

normally used to prevent them from aggregation by capping their surfaces.
Moreover, the introduction of stabilizers influences on the chemical properties as well as the
physical properties of semiconductor materials, from stability, solubility and light emission.
Capping agents with strong binding molecule form dense layer on the particle surface that
stabilizes nanoparticles better, while weak binding molecule results to fast particle growth
leading to large nanoparticles size and aggregation [92]. Therefore, the choice of a suitable
capping agent, the dynamic of binding and unbinding, and its concentration becomes the prerequisite for particle size regime, stabilization against aggregation and high quantum yield
during synthesis of nanoparticles. Properties of PVA (polyvinyl alcohol) like the
transparency over the whole visible spectrum, good adhesion to hydrophilic surfaces,
formation of oxygen resistant films and water soluble makes it a good choice for the
fabrication of optical devices and colloidal stabilizer [93] .
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PbS nanostructures using of types various prepare to made been have approaches Several
truncated PbS 100 nm Zhou et al. [96] have prepared G. ligands [94,95]. passivating surface
(CTAB) and bromide ammonium using cetyltrimethyl by nanocubes and nanocubes
50 of size the with nanocubes PbS agents. passivating as surface (PVP) pyrrolidone polyvinyl
However, L. Dong et al. [97]. by glycerol and PVP using synthesized been have nm–80 nm
is reduction size further thus (50–100 nm) and large too was nanocubes PbS of size the
Rong He, et aI. [98]

prepared

effect. quantum confinement the observe to required

and CdS particles by microwave irradiation method which monodispersed PVP - capped ZnS
under quantum regime. The particle size was found to increase as a function were found to be
has no of time. Huaming Yang, et aI. [99] observed that microwave irradiation time
emission reaches its significant influence on the size of ZnS nanoparticles. Intensity of PL
microwave irradiation time. Luminescent maximum and then decreases with prolonging the
are not formed in ZnS nanoparticles. Young Hong Ni, et centers of the doped metallic ions
aI. [100],

prepared ZnS nanoparticles with high yields of about 95% by microwave

heterogeneous system, in presence of ethylene glycol, zinc acetate dehydrate irradiation in a
synthesized ZnS and sodium sulfide as the starting materials. Qi Zhi Yao, et aI. [101], have
sodium thiosulfate and zinc nitrate nanospheres under natural light at room temperature using
nanoparticles PbS the for approach enhancement PL hexahydrate as initial materials. The
not been systematically discussed in the

has agent surface modifying a with covered

literature, especially the role of a surface adsorbate on PL enhancement. Polymer capped
inorganic thin film is the focus of many research groups [88,102-108] .
The effect of surfactants and stabilizers on the emission wave length of PbS nanocrystals has
also been evaluated [109–115]. It is clear that in the presence of PVA the prepared
sample can emit light at visible wavelengths with no green emission. Nevertheless, the
position of excitation and emission peaks of colloidal nanocrystals in awide range of
wavelengths can be tuned by PVA polymer [116]. Patel et al., [117] found that PbS nanoparticles stabilized with PVA, exhibit adistinct band gap absorption and showed that the
stabilized PbS with PVA, presents three distinct absorption peaks (290,390, and581 nm)
corresponding to the electronic transitions. The shapes of the prepared PbS nanoparticles
were cubic and needle-shaped which is one the interesting aspects of Patel’s research.
Previously, Schneider et al., [118] reported that nanomaterials are not simply another step in
the miniaturization of materials. They often require very different production approaches. A
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number of methods to synthesize semiconductor nano-crystals have been employed .In
past decade, semiconductor micro/nanoparticles have been synthesized through various ways
including hydrothermal process [119], micro-emulsion method [120], sol-gel method [121],
chemical co-precipitation method [122], sonochemical method [123], microwave irradiation
[124] and solvothermal method [125] etc. However, these methods normally consist of two
or more steps and rigorous conditions, such as high pressure or high temperature, usually are
required [119-126].
Among these methods, wet chemical synthesis technique offers many advantages which
include stable colloidal nanoparticles, high purity, low expensive method. Due

to

its

advantages, the wet chemical synthesis technique was used in this study.
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Aim of the present work
Capping agents with strong binding molecule form dense layer on the particle surface that
stabilizes nanoparticles better, while weak binding molecule results to fast particle growth
leading to large nanoparticles size and aggregation. Therefore, the choice of a suitable
capping agent, the dynamic of binding and unbinding, and its concentration becomes the prerequisite for particle size regime, stabilization against aggregation and high quantum yield
during synthesis of nanoparticles. The present work has focused on the following:
I. To synthesize of lead sulphide nanoparticles capped with various polymers by simple wet
chemical route.
2.To study the physical and chemical properties of PbS using different tools such as scanning
electron microscopy (SEM), X-ray diffraction (XRD), energy dispersive X-ray spectroscopy
(EDX), UV–vis spectroscopy, FTIR spectroscopy and photoluminescence studies.
3.To investigate the effect of different concentration of capping agent on shape, particle size
and optical properties.
4.To calculate the optical band gap values of capped PbS nanoparticles from the absorbance
versus energy plots using UV-Vis absorption spectra.
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CHAPTER TWO
EXPERIMENTAL
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2.1 Materials
To synthesize PbS nanoparticles , the following materials were used. lead acetate
Pb (CH3COO)2.3H2O was obtained from CARLOERBA REAGENT and different capping
agent as PolyVinyl Alcohol (PVA), Poly Ethylene Glycol (PEG) were obtained from Merck
and pluronic(P123) [EO20PO70EO20] was obtained from ALDRICH, sodium sulfide (Na2S xH2O) was obtained from HIMEDIA were used as precursors,.
the molecular structure of polymers used in this study are given below :

a

Formula of PVA polymer.

Formula of PEG polymer.

Formula of P123 polymer.

All the glasswares used in this experimental work were acid washed. Distilled water was
used for all dilutions and sample preparations.
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Among the wet chemical synthesis technique offers many advantages which include stable
colloidal nanoparticles, high purity, low expensive method. Due to its advantages, the wet
chemical synthesis technique was used in this study.

2.2 Preparation of solutions :
PVA solution:
Different amount of PVA(0.125,0.25 ,0.375 ,0.5,0.625,0.75) g/ml were added to 25 ml
distilled water , and then the solution were stirred above 60 C until the solution become
clear and then kept over night to obtain a viscous transparent solution.
PEG and P123 solutions:
Similar procedures were followed for PEG and P123 but stirring of solutions were done
at room temperature .
0.2 M Pb(AC)2solution :
0.378 g of Pb(CH3COO)2 were dissolved in 25 ml distilled water and PVA solution were
added to this solution and stirred for 1 hour.
0.2 M S2- solution :
0.222 g of Na2S.8H2O was dissolved in 25 ml distilled water and stirred to obtain a
transparent clear solution
2.3 Synthesis of capped PbS nanoparticles:
All the chemicals were used as received without further purification. The typical synthesis
procedure is as follows: polymer solution was prepared by dissolving different amounts of
polyvinyl alcohol (PVA), into 25 ml distilled water and 0.2 M lead acetate solution was also
prepared in 25 ml distilled water. The lead acetate solution was then added to the polymeric
solution with stirring at 60oC for 3 hours by applying magnetic stirrer. The pH value of
solution was 6. Solution was kept for one day until a viscous transparent solution was
obtained. After one day 0.2 M sodium sulfide was prepared by dissolving [Na2S . 8H2O] in
distilled water then added to Pb/PVA matrix solution and stirred at 60oC for 3h. Control of
temperature provided with water bath. The appearance of black color indicates the formation
of lead sulfide nanocrystals. Lead sulfide nanocrystals are separated by centrifugation at
6000 rpm. Nanocrystals was washed three times by distilled water and dried at 80oC for 24 h
similar procedure was followed for the synthesis of uncapped PbS nanoparticles.
2.4 Preparation of colloidal solution of PbS nanocrystals:
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Polymer were used as a stabilizers to control the optical properties of PbS solution. different
concentration of lead acetate solution was mixed with appropriate amount of polymer
solution and stirred vigorously for a few minutes. Drop-wise addition of Na2S.8 H2O
solution. molar concentration of lead acetate and sodium sulfide were equal in all
experimental and polymer concentration are shown in the below tables ,A dark red color
solution of the colloidal PbS crystals was obtained, the optical absorption and
photoluminescence properties of the prepared samples were studied.
Table 2.1 Concentrations of precursors and PVA used in this study:

No.

[ Pb2+],M

[S2-],M

PVA.(g/ml)

1.

2*10-5

2*10-5

(0.125,0.25 ,0.375 ,0.5,0.625,0.75)

Table 2.2 Concentrations of precursors and PEG used in this study:

No.

[ Pb2+],M

[S2-],M

PEG.(g/ml)

1.

1*10-5

1*10-5

(0.03 ,0.06 ,0.09 ,0.12 ,0.15 ,0.18)

2.

2*10-5

2*10-5

(0.03 ,0.06 ,0.09 ,0.12 ,0.15 ,0.18)

3.

4*10-5

4*10-5

(0.03 ,0.06 ,0.09 ,0.12 ,0.15 ,0.18)

4.

6*10-5

6*10-5

(0.03 ,0.06 ,0.09 ,0.12 ,0.15 ,0.18)

Table 2.3 Concentrations of precursors and P123 used in this study:

No.

[ Pb2+],M

[S2-],M

P123.(g/ml)

1.

1*10-5

1*10-5

(0.004,0.008,0.012,0.016,0.02 ,0.024)

2.

2*10-5

2*10-5

(0.004,0.008,0.012,0.016,0.02 ,0.024)

3.

4*10

-5

-5

(0.004,0.008,0.012,0.016,0.02 ,0.024)

4.

6*10-5

6*10-5

(0.004,0.008,0.012,0.016,0.02 ,0.024)

4*10
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2.5 Characterization methods:

Different technique and methods were used for the characterization and investigation of these
materials in some details :
a).X-ray Diffraction (XRD) :

The phase and the crystallographic structure of synthesized particles were characterized with
X-ray diffractometer PANalytical X´pert (PANalytical) with Cu Kα radiation (0.154 nm
wavelength) under 40 kV and 200 mA. X – ray diffraction is now a common technique for
the study of crystal structures and atomic spacing.The Scherrer Equation was used to
determine bulk crystallite diameter of a sample. The following is a general form of the
Scherrer Equation:
d = Kλ/ Bcos Ө
d = crystallite diameter (nm).
K = crystallite shape constant (using 0.9 for spherical shape)
λ = x-ray wavelength (0.154 nm)
B = Full-width at half max at Bragg angle of interest
Ө= Bragg Angle (angle of interest)

b) Transmission electron microscopy ( TEM) :
Low resolution images were collected using a JEM 2011 (JEOL) transmission electron
microscope with energy dispersive X-Ray Spectrometer INCA (Oxford Instruments),
Nanoparticle sizes were determined by using Image J - National Institutes of Health developed
software. The images were obtained at both low and high magnifications. The images obtained at
high magnifications were used to determine the lattice fringes.

c) Scanning electron microscopy (SEM) :
Scanning electron microscopy (SEM) is a technique whereby a beam of energetically welldefined and highly focused electrons is scanned across a material (sample).

A Philips X130 ESEM FEG was used to obtain the images of the sample. The images were
then taken at 80,000x, 20,000x, 2,000x,and 2,00x magnifications . The technique can provide
material s (only conducting and semiconducting) information about topography, morphology and
crystallography [127].

d) UV-vis Spectroscopy:
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AShimadzu,UV-2400 UV-Vis-NIR spectrophotometer was used to obtain absorbance data.
Samples were prepared by diluting samples in distilled water after getting a baseline reading
for the spectrometer. A quartz cuvette of water was used in parallel during absorbance runs
as a reference for the samples. For a direct band gap material the following equation was used
to determine the bandgap at zero absorbance.

= hν -E g (αhν )

2

a= absorbance coefficient (µm ) .
=

absorbance coefficient (µm eV).

(αhν )

2

E g= E = Band gap energy (eV) .
= photon energy = 1.24 µm-eV. hν
e) Photoluminescence spectroscopy:
After obtaining UV-Vis results, PL was completed on an Edinburgh JASCO, FP-6500. the

extinction wavelength was selected to be 400 nm , and PL emission was recorded in700–
900 nm range.
f) FTIR spectroscopy :
Fourier Transform Infrared (FTIR) spectroscopy is a powerful tool for identifying types of
chemical function group in the molecule by producing an infrared absorption spectrum that is
like a molecular "fingerprint.
FTIR spectra of dried PbS nanoparticles were recorded with (Frontier (Perkin Elmer)
spectrophotometer in frequency range of 3,500–900 cm-1 . the samples were mixed with
anhydrous KBr and pressed into a pallet.

g) Energy dispersive X-ray spectroscopy (EDX):
is an analytical technique used for the elemental analysis or chemical characterization of a
sample.
transmission electron The sample composition was determined using a JEM 2011 (JEOL)
INCA (Oxford Instruments). nergy dispersive X-Ray Spectrometeremicroscope with
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CHAPTER THREE
RESULTS AND DISCUSSION
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3. Formation mechanism of polymer capped PbS nanoparticles:
Scheme .1 shows the schematic growth mechanism of PbS nanoparticles. In a chemical
reaction, Pb2+ ions were dissociated from lead acetate and S2− ions were released from
sodium sulfide using water as the medium. Pb2+ ions and S2− ions started to form the PbS
nuclei, the growth of PbS nuclei into larger growth units will take place from the availability
of neighboring atoms in the system. The addition of polymer to the reaction process restricts
the further growth by its bi-dentate co-ordination bond with Pb2+ ions and thus results in the
formation of PbS nanoparticles [128].
2Na+(aq) + S2- (aq)

Na2S + H2O

Pb2+(aq) + 2(CH3COO- )(aq)

Pb(CH3COO)2 + H2O
S2-

Pb2+(aq)+ Poly

Pb2+… Poly

PbS…Poly

Scheme .1

3.1 Poly vinyl alcohol capped lead sulphide nanoparticles:
The PVA was used as an organic capping agent to control the growth of the PbS nanocrystal.
Formation of PVA capped PbS nanoparticles and the Formation of PbS nanoparticles in
PVA matrix is shown in Fig. 3.1.

Figure 3.1. PbS nanoparticles in PVA matrix.

In the above reaction,the products of PbS nanoparticles were formed. After that, PbS
nanoparticles are stabilized by PVA. This stabilization takes place via the formation of
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coordination bond between the lone pair of electrons of O2- on PVA and vacant d orbital of
Pb2 + in the PbS. Similar mechanism has been reported in TEA capped CdSe by Zhuo Bin
Shang, et aI. [129].

3.1.1 Fourier transform infrared (FTIR) spectroscopy:
Infrared Spectroscopy provides a valuable means of detecting the presence of organic species
at surfaces, identifying the chemical nature of surface compounds, and determining the
structure and orientation of the adsorbed entity [130] (Buckley et al., 2003). The presence of
the capping agent in the synthesized PbS nanoparticles was examined by recording their
FTIR spectra in the range of 750-3000 cm-1. Fig.3.2. shows the FTIR spectrum of pure PbS
nanoparticles and the capped PbS nanoparticles. It is the evidence for the presence of PVA in
the PbS nanoparticles, O–H bending peaks were observed at 1568 cm−1 and 1413 cm−1 and
C–H stretching peaks were observed at 2925cm−1 and 2851 cm-1 .The infrared absorption
peak at 1132 cm-1 was assigned as C–C and C–O–C stretching vibrations. This band is
recognized as crystallization sensitive band of the PVA matrix [131] .By comparing the
infrared spectrum of PbS nanoparticles with the spectrum of PVA/ PbS it is clear that, the
spectra mainly exhibit the same features as the pure PVA but the intensity of the peaks was
changed, which confirmed the PbS nanoparticles is caped by polyvinyl alcohol .

26

Fig. 3.2. FTIR spectra of pure PVA, pure PbS nanoparticles , and PVA capped PbS nanoparticles
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3.1.2 X-ray diffraction (XRD):
XRD diffraction is an efficient analytical non-destructive technique used to investigate
structural properties of crystalline materials,it is a rapid analytical technique, It is also used
in applications such as phase identification, determination of grain size, composition of solid
solution, lattice constants, and degree of crystallinity in a mixture of amorphous and
crystalline substances .
The XRD patterns of synthesized powders for PbS nanoparticles prepared in the presence of
different concentration of polyvinyl alcohol are shown in Fig.3.3. It shows several diffraction
peaks at 2θ values of 25.94, 30.06, 43.01, 50.88, 53.57, 62.53, 69.01, 71.13 and 79.04, which
correspond to the Miller index of the reflecting planes for (111) ,(200), (220), (311), (222),
(400), (331), (420) and (422). All the diffraction peaks in the spectra are analogous to the
literature pattern of face-centered cubic phase PbS powder (JCPDS file no.5-592), confirming
the formation of PbS nanparticles. The strong and sharp diffraction peaks suggest that the asobtained products are well crystallized. No obvious impurity phase is observed. It has to be
noticed that for the PbS samples synthesized in PVA, the widths of diffraction peaks are
larger than those observed for the PbS crystallites synthesized in the absence of polymer
suggesting that the particle size becomes slightly smaller. Further, there is no significant
change in the position of the peaks. It shows that the capping agent only arrests the
nanoparticle growth and does not introduce any phase change. Also, it has to be noticed in
Fig.3.3 that the intensity of (200) diffraction peak decreases and broadens for the PbS
samples prepared in PVA when the polymer concentration increases. Another observation
from Fig.3.3. is that the intensity of diffraction peak (220) is higher than that of the (200) at
higher concentration of PVA (curve g). The crystallite size can be determined from the half:width of the diffraction peaks using Debye–Scherrer formula

(1)
where D is the particle size, λ the X-ray wavelength, θ the Bragg’s angle in radians, and B
.the full width at half maximum of the peak in radians
It is clearly seen that the average particle size of the PbS nanoparticles is decreased as the
.PVA concentration increased as shown in Fig. 3.4
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Fig. 3.4. Dependence of the average particle size of the PbS nanoparticles on the PVA concentration.
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3.1.3 Transmission electron microscope ( TEM analysis): TEM is an imaging technique where the system can study small details in the cell or
different materials down to near atomic levels [132,133]. It can investigate the size,
shape and arrangement of the particles which make up the specimen as well as their
relationship to each other on the scale of atomic diameter 3.1.3s. TEM image of pure
PbS nanoparticles without capping agent is shown in Fig. 3.5(a,b). The shapes of the
synthesized product were a cubic. The average size of the PbS nanocubes was 39 nm as
calculated from histogram (see Fig. 3.5b).
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Fig. 3.5. (a)TEM images (b) Histogram of pure
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3.1.4 Energy dispersive X-ray analysis:
SEM images and EDX analysis of pure PbS nanoarticles and the PVA capped PbS
nanoparticles are

shown in Fig. 3.6(a-d). Fig .3.6a show the SEM of uncapped PbS

nanoparticles. On the other hand, it is shown in Fig. 3.6b that the PVA a capping agent which
covers the surface in which the PbS nanoparticles are embedded. Fig.3.6 (c and d) shows the
EDX spectrum of pure PbS nanoparticles and the PVA capped PbS. Since the strong signals
related to Pb and S were detected from EDAX spectrum, it was confirmed that the
synthesized product as PbS.

a

b

d
c
c

d

Fig.3.6. SEM and EDX micrographs of (a) uncapped PbS nanoparticles ,(b) PVA capped PbS nanoparticles.
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3.1.5 UV-Vis absorption studies of PbS :
UV-vis spectral analysis has been widely used to characterize semiconductor nanoparticles.
As the particle size decreases, the absorption edge shifts to shorter wavelength, due to the
band gap increase of the smaller particles [134, 135].
The UV- vis absorption spectrum for pure PbS and PVA capped PbS nanoparticles are shown
in Fig. 3.7. Ablue shift of the absorption edges can be observed in the capped PbS samples
from 442 to 310 nm of PVA capped PbS nanoparticles with concentrations from 0 to
0.75g/ml. The gap energy increases from 2.8 eV to 4 eV for uncapped PbS and 0.625g/ml
PVA capped PbS, respectively. The variation of energy gap of PbS nanoparticles with the
PVA concentration is shown in Fig. 3.8 and the calculated band gap values with different
PVA concentration are summarized in table (3.1). Theoretical and experimental values of
size dependent band gap for PbS nanoparticles (spherical) were reported by Wang et al.
[136]. According to Wang et al.'s report, 3 nm PbS nanoparticles exhibited the band gap of
4.1 eV. PbS nanocubes exhibit larger blue shift due to the size confinement below of bulk
excitonic Bohr radius (18 nm). However, N. Zhao et al. [137] reported that, large blue shift
in the optical properties of anisotropic shape PbS nanostructures can be related to positiondependent quantum size effect. It is significantly shifted towards blue from its bulk
counterparts (0.41 eV) PbS crystal [138]. In the present work, it is clearly seen that the PVA
matrix has played a vital role in the quantum confinement and it is believed that the PVA
matrix arrests the growth of the nanoparticles with further size reduction of the PVA capped
A series of experiments were conducted by changing the concentration of .PbS nanoparticles
PVA to establish the most suitable conditions for obtaining non-agglomerating primary
.particles
Fig. 3.9. shows the typical photoluminescence spectra of PbS capped with different amounts
of PVA. It is clearly seen that the strong emission peak is centered at 796 nm (1.56 eV) when
excited at 400 nm for pure PbS nanoparticle. The luminescence properties of Pb2+ ion (6s2
configuration ) are diverse. Usually, they are described by the 1S0-3P0,1 transition which
originate from the 6S2 - 6S6P interconfiguration transition [139]. Besides, it is known that a
complication of different origin arises if the excited states of the host lattice or the
surroundings of the Pb2+ ion are at about the same energy as the levels of the 6S 6P
configuration of the Pb2+ ions [140,141]. Therefore, the luminescence properties of Pb2+ ion

33

can effect by host materials. Pb2+ ions have different luminescence spectra in different matrix
materials. As shown in figure 3.9, the Pl intensity of the visible emission was enhanced
when the amount of PVA was increased at constant PbS concentration. The increase of Pl
intensity of the visible emission can be explained in terms of the density of radiative centers
associated with defects (Vs and/or Vpb) in PbS. These vacancies would be expected to
increase with stabilizing PbS against aggregation/agglomeration of the particles because of
increased surface area [142]. If, so, the Pl intensity of emission of PbS/PVA solution would
be improved by increasing the amount of PVA. There was evidence of aggregation PbS
nanoparticles as the solution became turbid over 24 h of storage at room temperature if the
PbS solution was prepared without stabilizer (PVA). Dangling bonds [143] are found on the
surface of most crystalline materials due to the absence of lattice atoms above them. The
surface tends to reconstruct or adsorb some other species to reduce the surface energy.
Taking into account this, an increase in PVA, it will saturate the surface dangling bond
between the PVA and PbS. In other words, the concentration of radiative centers increases
with the surface dangling bonds on PbS surface. This will increased the absorption and
emission of PbS/PVA. As a result the PL intensity is increased by 10-fold and optimized
when the amount of PVA reached 0.75 g/ml, and any further increase of PVA rather than
0.75g/ml the PL intensity becomes constant. By comparison the emission spectrum of
uncapped PbS nanoparticles with PVA capped PbS nanoparticles, a gradual blue shift of the
photoluminescence peak position is clearly seen (Fig. 3.10). The peak position shifts from
796 nm (1,56 eV) for uncapped PbS to 790 nm (1.60 eV) for 6 gm PVA capped PbS
nanoparticles. It shows that PVA capped PbS nanoparticles exhibits good optical properties
due to the formation of smaller size particles. Similar results was obtained by M.
Navaneethan et al., [144].

.
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Table 3.1 The band gap values and particle size of PbS/PVA.

PVA concentration (g/ml)

Band gab values(eV)

Particle size (nm)

0

2.8

42

0.12

3.99

10

0.18

4.01

9.6

0.25

4.05

8.56

0.31

4.07

7.56

0.37

4.09

5.6
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3.2 Polyethylene glycol (PEG) capped lead sulphide nanoparticles:
The PEG was used as an organic capping agent to control the growth of the PbS nanocrystal.
Formation of PEG capped PbS nanoparticles and the Formation of PbS nanoparticles in PEG
matrix is shown in Fig. 3.11
2Na+(aq) + S2- (aq)

Na2S + H2O

Pb2+(aq) + 2(CH3COO- )(aq)

Pb(CH3COO)2 + H2O
S2-

PEG + Pb2+(aq)

PEG… Pb2+

PEG…PbS

Structure of PEG

in PEG matrix .

Fig 3.11.PbS nanoparticles
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3.2.1 TEM analysis:
TEM high magnification imaging allows the determination of the individual crystallite
morphology. Fig. 3.12 (a) shows the formation of cylindrical structure for PbS /PEG .
Fig 3.12 (b) shows the PbS quantum dots distributed in the polymer matrix . The particle size
of PbS estimated from this figure was around 6 nm. this means that PbS nanoparticles are
in a confinement state . The PbS nanocrystals with diameter about 6 nm were
well-dispersed in PEG matrix through the coordination between –OH and Pb2+,
which prevented the PbS nanoparticles from aggregation in the polymer matrix.

a

b

a

images of (a) the shape of

b

Fig.

3.12

TEM

PbS/PEG polymer , (b) PbS quantum dots in polymer matrix (PEG).

a
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3.2.2 UV-Vis absorption studies of PEG/PbS :
UV-vis was used to investigate the optical properties of the PbS nanocrystals grown in PEG
solutions. The absorption edge at 460 nm is assigned to the characteristic absorption band
edge of 2*10-5 M PbS nanoparticles as shown in fig.3.13, However, the absorption edge for
4*10-5 M nanoparticles slightly shifted to shorter wavelengths (blue shift) compared to
uncapped PbS as shown in fig. 3.14. The optical absorption edge of the nanoparticles is
shifted towards the shorter wavelength region with increase the concentration of PbS
nanoparticles. This blue shift in the optical absorption edge indicates the formation of PbS
nanoparticles in the PEG matrix in the nanometer regime [145]. The absorption spectra does
not show any peak indicating abroad size distribution, since a narrow size distribution of
smaller nanocrystallites results in the appearance of exciton peaks in the spectra [145]. Direct
band gap of the samples are calculated by plotting (αhν)2 versus hν and then extrapolating
the straight portion of the curve on the hν axis at α = 0 as shown in Fig.3.15 . The straight
lines imply that the PbS of concentration 2*10-5 M capped with PEG samples have direct
energy band gap and the band gap was increased from 2.70 to 5.2 eV with the increase of
PEG concentration. However, the band gap energy for PbS of concentration 4*10-5 M with
PEG was increased from 2.70 to 5.37 eV as shown in Fig.3.16. It is clear that the band gap
energy of PbS colloidal solutions was increased as the PEG concentration increases. Photon
absorption leads to an electron in the conduction band and a positive hole in the valence
band. In small particles, they are confined to potential wells of small lateral dimension and
the energy difference between the position of the conduction band and a free electron, which
leads to a quantization of their energy levels. The phenomena arise when the size of the
particles becomes comparable to the de Broglie wavelength of a charge carrier. The increase
in the band gap of the PEG capped PbS nanoparticles is indicative of size quantization
effects.
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Fig. 3.13 UV-vis spectra of PbS colloidal solutions of concentration 2*10-5M capped with different PEG
concentrations (a) 0, (b) 0.03, (c) 0.06, (d) 0.09, (e) 0.12, (f) 0.15, (g) 0.18g/ml PEG.
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Fig. 3.14. UV-vis spectra of PbS colloidal solutions of concentration 4*10-5M capped with different PEG
concentrations (a) uncapped PbS, (b) 0.03, (c) 0.06, (d) 0.09, (e) 0.12, (f) 0.15, (g) 0.18g/ml PEG.
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3.2.3 Photoluminescence study of the PEG capped PbS nanoparticles:
Photoluminescence spectra of all the samples were recorded at room temperature. Fig.3.17
shows the PL spectra of PbS colloidal solutions of concentration 2*10-5M capped with
different PEG concentrations . Due to semiconducting nature, the capped PbS nanoparticles
demonstrates excellent photoluminescence properties. It is clearly seen that the strong
emission peak is centered at 798 nm when excited at 400 nm for pure PbS nanoparticle at
It is also shown in Fig. 3.18 that the PL intensity of PbS colloidal different concentration.
solutions of concentration 4*10-5M

passivated by PEG was enhanced by a 9-fold, in

without PEG passivation. This confirms that the enhanced PL is comparison with the samples
not from PEG itself but from surface passivated nanoparticles. By comparison the emission
spectrum of uncapped PbS nanoparticles with PEG capped PbS nanoparticles, a blue shift of
the photoluminescence peak position is clearly seen as shown in Fig.3.19. especially at 2*105

M of PbS precursor concentration. The peak position shifts from 798 nm for uncapped PbS

to 793 nm for 0.03g/ml PEG capped PbS nanoparticles .However, at 4*10-5M the peak
positon shifts from 798 nm for uncapped PbS to and 790 nm for 0.03g/ml PEG capped PbS
nanoparticles as shown in fig. 3.20. In the present study, we have not observed any further
shift in the emission spectra with the change in PEG concentration. It shows that PEG capped
PbS nanoparticles exhibits good optical properties due to the formation of smaller size
particles.
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3.3 Pluronic (P123) capped lead sulphide nanoparticles:
The PVA was used as an organic capping agent to control the growth of the PbS nanocrystal.
Formation of P123 capped PbS nanoparticles and the Formation of PbS nanoparticles in
P123 matrix is shown in Fig. 3.21

nanoparticles in P123

Fig 3.21.PbS
matrix .
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3.3.1 TEM analysis :
Fig.( 3.22) demonstrates the typical TEM ,The result shows that the synthesized PbS/P123
nanoparticles are in narrow size distribution. The formation of cylindrical structure

are

clearly seen in Fig 3.22 (a). the cylindrical formation is due to the self aggregation of
nanoparticles of PbS in P123 polymer matrix. Fig 3.22 (b) shows TEM micrographs of the
PbS quantum dots embaded in polymer matrix . The particle size is estimated to be 3 nm.
The PbS nanocrystals with diameter about 3 nm were well-dispersed in P123 matrix
through the coordination between –OH and Pb2+, which prevented the PbS nanoparticles
from aggregation in the polymer matrix. Comparing the rol of polymer in controlling the
particle size, it can be concluded that as the number of OH- groups of the polymer increased
smaller particle size is produced in the polymer matrix.
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a

a

b

b

Fig. ( 3.
22) TEM
images
showing (a) the shape of PbS/P123 polymer , (b) PbS quantum dots in polymer matrix(P123).

3.3.2 UV-Vis spectra of PbS caped with P123 :
The absorption spectra of PbS nanoparticles in UV-light region was illustrated in Fig.3.23.
The optical absorption edge of PbS colloidal solution at concentration 2*10-5 M, is shifted
54

towards the shorter wavelength region with increase the P123 concentration. However, the
optical spectra of P123 capped PbS exhibits three absorption peaks at low concentration of
PbS as shown in Fig.3.24. These peaks were observed at 573 nm (2.16 eV), 372 nm (3.34
eV) and 285 nm (4.35 eV) with an absorption on-set at 625 nm (1.98 eV) due to the strong
quantum confinement effect . These peaks are slightly shifted to a lower wavelength as the
concentration of P123 was increased. Thereafter, the peaks are gradually disappeared at high
concentration of capping agent. These fine-structured peaks are similar to those of PbS
colloids stabilized by hydroxypropyl cellulose in an ethanolic solution, suggesting the
characteristic optical property of narrow-sized PbS Nanoparticles [146]. However, the peak
heights and positions are different from other systems, indicating a different size [146]. The
peaks are attributed to the electronic transitions between the split energy levels of PbS
nanoparticles:
1Sh → 1Se,1Ph→ 1Pe [147] and 1dh → 1de [148], respectively Fig.3.25. Here, electron
transitions allowed by the selection rules, i.e., ∆l = 0, ∆m = 0 and ∆n ≠ 0, are presented (in
the absence of Coulomb interaction). If the Coulomb interaction is considered, the selection
rules are no longer strictly obeyed when the first electron-hole pair has already been excited
and ∆l ≠0 is weakly allowed [149]. Fig. 3.26. depicts (αhν)2 versus hν plots according to
well-known Tauc relationship for the determination of direct band gap from the linear region
in the vicinity of absorption edge and the intercept on the hν axis yield the band gap values.
The straight lines imply that the PbS capped with P123 samples have direct energy band gap
and the band gap was increased from 3.24 to 5.85 eV with the increase of P123
concentration. It can seen that the band gap energy of capped PbS colloidal solution shows a
blue shift as compared with the uncapped PbS.
Our results reveal that lead sulfide capped with P123 has a larger band gap and smaller
average particles size when compared with PbS capped with PEG and PVA as shown in table
3.2.

3.3.3 Photoluminescence spectrum of P123 capped PbS nanoparticles :
Fig. 3.24 shows the photoluminescence spectrum of P123 capped PbS nanoparticles. Due to
semiconducting nature, the capped PbS nanoparticles have demonstrated excellent photoluminescence properties. It is clearly seen that the strong emission peak is centered at 797 nm
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when excited at 400 nm for pure PbS nanoparticle. The peak at 697 nm is caused by a deeptrap-related transition Further the intensity of the PbS nanoparicles increases as the
It is also shown in Fig. 3.27. that the PL intensity of the concentration of P123 increases.
P123 capped PbS nanoparticles passivated by P123 was enhanced by a 7-fold, in comparison
without P123 passivation. This confirms that the enhanced PL is not from with the samples
P123 itself but from surface passivated nanoparticles. By comparison the emission spectrum
of uncapped PbS nanoparticles with P123 capped PbS nanoparticles, a gradual blue shift of
the photoluminescence peak position is clearly seen Fig. 3.28. The peak position shifts from
797 nm for uncapped PbS to 792 nm for 6 ml P123 capped PbS nanoparticles. It shows that
P123 capped PbS nanoparticles exhibits good optical properties due to the formation of
smaller size particles.
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Fig. 3.23. UV-vis spectra of PbS colloidal solutions capped with different P123 concentrations (a) 0, (b)
0.004, (c)0.008, (d)0.012, (e)0.016 ,(f)0.02, (g)0.024 g/ml P123.
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Table 3.2. Band gap and the particle size of 2*10-5 M PbS capped in PVA ,PEG,P123 respectively.

polymer

Band gap (eV)

Particle size (nm)

pure

2.8

42

PVA

4.05

8.5

PEG

5.2

6

P123

5.8

3
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Conclusions


PbS nanoparticles capped with different amount of polymers such as (PVA, PEG and P123)
were successively synthesized by a simple wet chemical method .



The particle size of PbS/PVA estimated by XRD and TEM analysis is around 5–12 nm.



A very significant blue shift of the band gap energy of PVA capped PbS nanoparticles is
observed from the bulk PbS.



A 10-fold PL enhancement has been observed after the surface passivation by PVA agent.



The optical band gap values for uncapped and capped PbS nanoparticles have been
calculated from the absorbance versus energy plots using UV-Vis absorption spectra .



the optical properties of PbS nanoparticles is shifted toward the blue shift .



optical spectra of PbS/P123 exhibits three absorption peaks at low concentration of PbS
nanoparticles.



the photoluminescence spectra of PbS colloidal nanoparticles show strong emission .



A 9-fold PL enhancement has been observed after the surface passivation by PEG, but 7fold PL enhancement has been observed after the surface passivation by P123.



we have not observed any further shift in the emission spectra with the change in PEG
concentration.



PEG and P123 capped PbS nanoparticles exhibits good optical properties due to the
formation of smaller size particles.



lead sulfide capped with P123 has a larger band gap and smaller average particles size
when compared with PbS capped with PEG or PVA.
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