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ABSTRACT: Nanocrystals (~16 nm) of semiconducting lead sulphide (PbS) were synthesized using the co-
precipitation method, which was characterized for phase and compositional purity. These ultrafine particles 
of PbS exhibited quantum confinement characteristics, which were revealed by blue-shifting in optical 
absorption using UV-DRS analysis. These QDs of PbS were driven under the influence of the applied electric 
field using monodispersed colloidal suspension on the Indium-Tin-Oxide (ITO) substrate using the 
electrophoretic deposition technique (EPD). The formation of self-organized arrays of PbS quantum dots 
(QDs) and their stacked assemblies was achieved through EPD. Interestingly, neither complexing agents nor 
templates were used for depositing PbS QDs. Also, the as-deposited film was not subjected to any post-heat 
treatment. EPD of PbS QDs emerges asa highly portable, cost-effective, short-duration, and pollution-free 
technique compared to all other known deposition methods. The crystallinity, size, morphology, and 
composition of PbS powder and film were characterized using PXRD, GIXRD, FESEM, SEM, and EDAX. 
The effect of controlling parameters such as distance between the electrodes, duration of deposition, and 
applied voltage was fixed as constant, and the obtained results were reported. 
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1 Introduction 
In recent years, the colloidal chemistry methods have enabled the formation of monodisperse 

suspensions of quantum dots (QDs), which are fascinating building blocks for applications of 
photovoltaics, optoelectronics, bio-sensing, etc. [1–5]. For these fields of application, the assembly 
of individual QDs into larger structures, including monolayers, thin films, or super-crystals, is 
essential. Self-assembly of magnetic, metal-based, and semiconducting nanocrystals has been 
performed for making quantum dot superlattices [6–8]. The deposition of nanomaterials is crucial 
for their structural and chemical properties, which affect the particle size, morphology, shape, 
crystallinity, and dispersibility, where surface chemistry plays a pivotal role in achieving the desired 
performances of thin films, nanostructural coatings, and functional nanomaterials [9]. This could be 
accomplished by the different routes, which all have their particular strengths and weaknesses. Spin 
coating and drop casting methods permit the coverage of the substrate of quantum dot film, which 
ranges from sub-monolayer to micrometer thickness of the as-prepared deposits, where the films are 
not uniform [10,11]. Especially with the existence of charge-stabilized colloids, the electrophoretic 
deposition (EPD) method provides a substitute to prepare the nanostructure assemblies, which are 
suitable for full surface coverage [12], resulting in the outstanding quality of films with controlled 
thickness [13]. This EPD technique has a wide range of interests in both research and industrial 
sectors, not only due to its versatility but also because of its cost-effectiveness. It is an ancient 
method of deposition. Since 1808, Ruess, a Russian scientist, noticed the induced motion of clay 
particles in water under the influence of an applied electric field. The first practical application of 
EPD happened in 1933 for depositing the thoria particles on a platinum electrode, which was 
patented in the United States of America (USA). EPD is advantageous because of its simple 
apparatus, very few restrictions on the shape of the substrate, and mainly the short formation time. 

The basic concept behind EPD is that the charged powder particles are suspended or dispersed 
in a liquid medium and are driven to be attracted and deposited on the surface of the conductive 
substrate of opposite charge when a DC electric field is applied. This technique offers advantages 
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of easy control of morphology and thickness of the as-deposited film through minor adjustments of 
the applied potential and deposition time. EPD takes place when the DC electric field is applied 
perpendicular to the conductive substrate [12,13]. Also, a major difference between electrophoretic 
deposition (EPD) and electrolytic deposition (ELD) is that one is based on the suspension of particles 
in the solvent, and the other is based on the solution of salts of ionic species [14]. The necessary 
driving force for EPD is provided by the electrophoretic mobility and charge on the particles in the 
liquid media under the applied field. This technique has been successfully employed for high-Tc 
superconducting films, carbon nanotube (CNT) films, superconductors, piezoelectric materials, 
sensors, luminescent materials, and layered ceramics [15–23]. It is more important that the powdered 
particles should be completely dispersed and remain stable for smooth and homogenous deposition. 
For large-sized particles, the problem is that they tend to settle down because of gravity. EPD from 
the settled suspensions could result in a thicker deposit at the bottom and a thinner layer above the 
electrodes when it is placed vertically, but a uniform coating could not be obtained. EPD of large-
sized particles occurs only with very strong surface charges. Additionally, the diameter of the 
particles < 1 μm or less tends to remain in the colloidal suspensions for a longer period because of 
Brownian motion, whereas particles with a diameter larger than 1 μm need ceaseless hydrodynamic 
agitation in order to persist in the colloidal suspension. Therefore, particle size has a prominent 
influence on the morphology and cracking of deposits [12]. Sato et.al [23] claimed that the reduction 
in particle size has improved the morphology of YBa2Cu3O7−x (YBCO) superconducting film 
assembled using EPD and suggest that this method is useful for minimizing the cracks on the films. 
The key parameters for the uniform EPD process are influenced by deposition time and applied 
voltage. Basu et al. investigated and reported that the rate of deposition for a constant electric field 
decreases with prolonged time of deposition. When the applied field is maintained between 25 and 
100 V/cm, the film quality is more uniform, and if the applied field exceeds 100 V/cm, the film 
quality gets deteriorates [24]. Additionally, for the higher applied voltage, the particles move so fast 
that they may not find enough time to assemble in their best positions for the formation of a closely 
packed structure. It is quite important to understand the kinetics of EPD in order to obtain quality 
films, which depend on numerous parameters. It is beneficial to have a control of certain parameters 
during EPD because most of the parameters are inter-related to each other. The other research group 
reported that the quality of EPD films is heavily dependent on the suspension conditions [25]. It is 
obviously evident that the most dominating parameters of EPD process are deposition time, applied 
field (voltage), and concentration of particles in the suspension medium [26]. In EPD process, both 
direct current (DC) and alternating current (AC) power supply is used to generate an electric field 
but most commonly, the usage of DC power supply was reported by other research groups 
[12,27,28]. In general, it is preferred to utilize organic solvents for suspension medium because of 
the lower dielectric constant, which limits the charge on the particles. Because, the usage of water-
suspensions for EPD could lead to electrolysis which could generate gas bubbles that could cause 
non-uniform deposited layers, which is considered to be the only drawback for the electrophoretic 
deposition technique [29]. 

Metal chalcogenides have gained the spotlight in the applications of materials science due to 
their unusual electronic characteristics and exotic chemical behaviors [30,31]. Semiconducting 
quantum dots manifest attractive features for the evolution of photovoltaic cells, overcoming the 
current limitations [32]. In recent years, a revolution in research has been leveled up due to the 
fascinating properties of materials in the quantum dots regime for their potential in device-based 
applications. The QDs offer intensified prospects in the optoelectronic materials because of the 
confinement phenomenon of phonons and charge carriers [33,34]. 

Lead sulphide (PbS), a IV-VI semiconducting compound with its small direct bandgap energy 
(0.41 eV), whereas the bandgap can be engineered in the wide range of 0.4 to 5.0 eV by size control, 
making it a promising material for optoelectronics such as LEDs, photodetectors, 
telecommunications, and photovoltaic devices [35–43]. PbS has larger excitonic Bohr radii of 18 
nm, which allows strong quantum confinement of charge carriers. Since it is a narrow bandgap 
semiconductor, it has the potential to be relevant in long-wavelength imaging, diode lasers, and 
thermo-voltaic energy conversion [44]. The primary strategies for PbS synthesis, which include 
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hydrothermal, reverse micelles, solvothermal routes, precipitation, sonochemical routes, etc., [45–
51]. 

In this work, ultrafine crystalline particles of PbS were driven electrophoretically and deposited 
on a conductive substrate to form the nanocrystalline assemblies. This experiment was performed 
to investigate the assembly of nanostructures and their morphologies, which could provide insights 
about the kinetics of deposition parameters on the nature of assemblies, surface coverage, and quality 
of electrophoretically deposited PbS. Since there are only a few reports available on EPD of PbS 
QDs, which say that in order to achieve effective coating, deposition times of less than 2 h are 
required, but in other deposition techniques, several hours are needed. The utilization of PbS QDs 
in quantum-dot sensitized solar cells (QDSCs) means the properties could be tunable because of 
their enhanced light harvesting potential. 

In this work we attempted EPD of PbS QDs, and the suitable suspension medium for deposition 
was chosen based on trial (such as toluene, isopropyl alcohol, etc., because, as per other research 
groups, there was difficulty in choosing a proper suspension medium for PbS because there were 
issues regarding the stability of the suspension. We analyzed the deposition of PbS QDs by 
maintaining the deposition time (td), applied voltage, and separation between the electrodes under 
the influence of a constant electric field. 

2 Experimental Section 
2.1 Synthesis of Lead Sulphide Nanoparticles 

The co-precipitation method was employed to synthesize ultrafine particles of PbS. In this 
study, lead nitrate (Pb(NO3)2) and sodium sulphide (Na2S) were purchased from the Aldrich 
company. To prepare the solutions, deionized water (DW) was used as the solvent. Initially, 1 M of 
Pb(NO3)2 and 0.5 M of Na2S were dissolved individually in 40 mL of DW at the ambient 
temperature. The mixture was magnetically stirred for 3 h to ensure homogeneity. The formation of 
a greyish-black sol on constant stirring was observed. The obtained sol was centrifuged at 3000 rpm 
and continuously washed with DW and ethanol (Et-OH) to ensure purity of as-synthesized PbS. The 
resulting PbS powder was vacuum dried at 80°C for 2 h. 

2.2 Electrophoretic Deposition (EPD) of Lead Sulphide 
In this technique, the particles were suspended in a suitable medium since they possess a surface 

charge concerning the medium, which is transported by the application of an electric field towards 
a conductive substrate if the distance beyond which the interrelated electrostatic field decays is larger 
than that of the particle’s size [52]. For EPD to take place, a DC power supply is used as the voltage 
source and an EPD cell comprises a counter electrode (stainless steel) and a working electrode. In 
this experiment, indium tin oxide (ITO-coated glass) is used as the working electrode, and a 
stainless-steel plate is used as the counter electrode. These two electrodes were separated using a 
spacer made of a Teflon block. To prevent impurities, the electrodes were washed using isopropyl 
alcohol (IPA) and acetone in an ultrasonic bath. The pair of electrodes was immersed into the EPD 
cell as presented in Fig. 1. 
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Figure 1: Schematic representation of the electrophoretic deposition (EPD) of PbS QDs. 

To prepare the colloidal suspensions, 0.5 g of PbS ultrafine particles were suspended in 10 mL 
of pure acetone. In EPD, the suspension medium enables the charging of the EPD cell, where the 
particles acquire a surface charge and a DC voltage as a power supply for the transportation of 
surface charges between the electrodes. In order to avoid agglomeration and to uniformly disperse 
the individual grains, the suspension was prepared with the help of the ultrasonication process. The 
suspension was left to settle down for about 15 min, where the larger particles sedimented in the 
bottom of the beaker and smaller particles could be seen on top, as shown in Fig. 2. 

 
Figure 2: Colloidal suspension of PbS QDs in pure acetone. 

The decanted solution was carefully transferred into the EPD cell. Since the features of film 
could be controlled by modifying the influential parameters like electrode separation, deposition 
voltage, duration of deposition, and concentration of suspension. In this work we report that the 
distance between the electrodes was 3 mm, as displayed in Fig. 1, and the applied voltage (30 V) 
and the deposition time (td = 120 s) were fixed, and it is considered the most optimal condition for 
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EPD of PbS QDs, which was witnessed by complete discoloration of the colloidal QD solution. It 
could be understood that EPD is mainly governed by two phenomena: movement of charged 
particles (electrophoresis) and accumulation of particles on the conductive substrate (deposition). 
During this process, the solution containing charged colloidal PbS QDs were attracted towards the 
oppositely charged electrode (ITO). The coated substrate was carefully detached from the EPD cell. 
The obtained deposits were dried naturally at normal conditions. 

3 Characterization Techniques 
Powder X-ray diffraction (PXRD), Grazing incidence X-ray diffraction (GIXRD), Ultraviolet 

diffuse reflectance spectroscopy (UV-DRS) for PbS-powder, Scanning electron microscopy (SEM) 
was used for analysing the morphology of PbS powder and were used to study the assembly of as-
deposited nanoclusters, and Energy dispersive X-ray analysis (EDAX) was used for compositional 
and elemental analysis before and after deposition. 

4 Results and Discussion 
4.1 Physical Characterization: 
4.1.1 Powder X-ray Diffraction Analysis of PbS Powder 

The PXRD profiles of as-synthesized PbS powder were performed using a Bruker AXS D2 
phaser X-ray diffractometer with Cu-Kα radiation as the source, having a wavelength of 1.5406 Å. 
The GIXRD pattern of the as-deposited assembly was carried out using a Bruker D8 Advance with 
a scan rate of 2°/min, having an incidence angle of 0.5°. Fig. 3 shows the PXRD (a) and GIXRD (b) 
modes of powder and deposited samples, respectively. It suggests that both samples are relatively 
indexed to the face-centered cubic phase of PbS, where the obtained XRD profiles are well matched 
with the #JCPDS card no. 78-1900. The existence of a high intensity of (200) planes is observed in 
the powder sample, which suggests a strong preference for oriented crystal habit, which was absent 
in the case of the deposited film. The PXRD pattern of as-synthesized powder indicates good 
crystallinity and phase purity and is devoid of any secondary phases. The nanocrystalline nature of 
the as-prepared powder could be seen from the significant line broadening of the peak profiles. 

 
Figure 3: Comparison of PXRD and GIXRD patterns of PbS powder versus deposit. 

Grazing incidence X-ray Diffraction Analysis of PbS Film 
In the GIXRD pattern of PbS deposit, no other impurity peaks were noticed, but the signature 

peaks of ITO substrates were seen. The peak broadening in the diffraction pattern reveals that the 
as-deposited PbS retains the nanocrystalline nature. To calculate the crystallite size, Debye-
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Scherrer’s formula was used. The average crystallite size of the highest intensity peak corresponding 
to the (111) plane, the PbS powder, and the deposits was calculated as 16 nm and 12 nm, 
respectively.  

Table 1: Comparison of 2θ values and variation of average crystallite size (D) for PbS powder and deposit. 

Test Conditions 2θ Values D(nm) 

PbS-powder 

26.03° 

16 nm 

30.12° 
43.07° 
50.93° 
53.41° 
62.51° 
68.82° 
70.95° 
78.87° 

PbS-deposits 

ITO 

12 nm 

ITO 
26.01° 
ITO 
ITO 

30.11° 
43.06° 
ITO 

50.92° 
53.40° 
ITO 
ITO 

62.50° 
ITO 

68.81° 
70.92° 
78.85° 

The particles in the PbS deposits were found to have a smaller size, which is due to the settling 
down of bigger particles, where we have used only the decanted part of the suspension for 
deposition, because it contains only smaller particles. The intensity of diffraction peaks of the PbS 
deposits has been affected under the electric field, which indicates a reduction in crystallite size as 
compared to the powder. The broadening of diffraction peaks in the deposited film also indicates 
that the crystallite size is reduced during EPD. Additionally, there is a slight peak shift in 2θ values 
of PbS deposits was illustrated in Table 1, which is attributed to structural disorders in the deposited 
films. Such a shift in XRD peaks could be recognized because of lattice strain, which might be due 
to structural disorder generated during the film growth [53,54]. From the investigation of the 
structural properties of powder and deposited film, there were no signatures of phase transformation 
of PbS when driven with the help of applied voltage. 

4.2 Optical Characterization of PbS Powder 
The optical absorption spectrum of the lead sulphide powder was obtained using the Jasco-UV-

Vis-NIR (V-770, Serial No. A012061801) spectrophotometer in the UV-Visible range. Fig. 4 
represents the UV-DRS spectra of the PbS powder sample. The absorption edge was observed within 
300 to 400 nm, and the onset wavelength was estimated to be 366 nm for PbS powder. This could 
be explained by the quantum-confined characteristics of the excitons because the size of lead 
sulphide nanocrystallites was comparable to the corresponding excitonic Bohr radius (rB) [53]. The 
blue shift in the optical absorption spectrum as compared to that from the bulk PbS55,56] . A similar 
kind of blue-shift because of quantum confinement has been observed, and the additional reports of 
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such high band gap values attributed to the quantum confined transitions of PbS are available in the 
literature [57,58]. ]. 

 
Figure 4: UV-DRS spectrum of PbS powder. 

From the optical absorption spectrum of lead sulphide, the optical bandgap energy of PbS 
powder was calculated using the following relation [59] : Eg = hc/λ, where Eg represents the optical 
bandgap energy and λ is the absorption wavelength. The calculated optical bandgap was found to be 
3.38 eV, which is larger than the bandgapenergy of bulk PbS (0.41 eV). Such an increase in the 
optical band gap energy indicates the as-prepared PbS powder is within the quantum dot regime, 
which could be further confirmed by detailed morphological analysis.  

4.3 Morphological Analysis 
For morphological characterization of Powder-PbS, field emission scanning electron 

microscopy (FESEM) was performed, using model Apreo 2s HiVac. From Fig. 5, it is evident that 
the morphology of the powder had very fine-sized rice-like grains with irregular shapes that were 
analyzed at lower and higher magnifications, which was also reported in [60]. On first sight of the 
FESEM image of the powder sample, it is clear that there are numerous numbers of particles that 
resemblethe accumulation of PbS quantum dots.  

  
(a) (b) 

Figure 5: FESEM images of PbS powder. 

For better understanding of such microstructures, the average particle size was obtained using 
ImageJ software. Each rice-like grain has an average particle size of 33 nm, and the corresponding 
histogram of average particle size distribution is presented in Fig. 6. According to literature, the 
crystallite size and particle size are bound to one another [61]. The calculated particle size of PbS 
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powder was larger than the crystallite size obtained from Scherrer’s equation in PXRD analysis. 
This is because each particle is made up of ultra-fine crystallites to form a PbS particle. The 
calculated average crystallite size of the PbS-powder sample was found to be 16 nm, which is quite 
smaller than the excitonic Bohr radius (rB = 18 nm). After deposition of such PbS QDs using EPD, 
one could explore interesting features, which were discussed in detail. 

 
Figure 6: Particle size distribution of PbS-powder sample. 

4.4 Compositional Analysis 
PbS powder and deposit were characterized by EDAX coupled with SEM from Quorum 

Technologies, U.K., for investigating the compositional characteristics. The EDAX exhibits distinct 
peaks corresponding to lead (Pb) and sulphur presence in the PbS powder, which indicates that no 
other impurities existed during sample preparation, whereas for PbS deposits, the peaks related to 
the ITO substrate with the elements O, Si, Na, and In were identified. As shown in Fig. 7b, the 
characteristic peaks of Pb and S were indicated during analysis. The absence of additional peaks in 
the EDAX of PbS deposits confirms the formation of high-purity film. 
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Figure 7: Compositional analysis by SEM/EDAX of PbS (a) powder (b) deposit. 

4.5 Morphological Characterization of PbS Deposits 
A Weswox optical microscope was used to primarily analyze the assembly of deposits at a 

magnification of 10×. Fig. 8 displays the optical micrograph of bare ITO and PbS deposits. The 
images were captured at the center of the as-deposited film to investigate the uniformity and 
information about the cracks and surface coverage in the PbS deposit. In this work, EPD was carried 
out at 30 V; it could be seen that the as-deposited film is crack-free, with maximum surface coverage 
achieved. It is more important to choose suitable liquid media for EPD; there should not be a 
chemical reaction with the dispersed particles, but it should be able to generate surface charge on 
the surface of the particles [62]. Also, the particles in PbS powder obtained surface charge in acetone 
medium without any additives or charge boosters. In this work, the obtained PbS films were allowed 
to dry naturally instead of using the sintering or fast evaporation method, and so the resulting 
deposits were crack-free during drying. Surprisingly, it is clear that the uniformity of film was 
achieved with EPD of PbS QDs, and traces of islands due to the influence of the applied electric 
field could be seen. 

     
Figure 8: Optical microscope image of (a) bare ITO and (b) PbS deposit. 

In order to investigate the details of structural assembly, surface coverage, and electrically 
driven PbS nanocrystallites, a scanning electron microscope was employed to maximize the 
morphological nature of as-deposited thin film. By using Carl Zeiss (Germany) Microscopy 
GmbH—Model No. EVO 18, SEM images were acquired at different locations of deposits. In Fig. 
8a–f, a set of SEM images of the PbS deposit at different magnifications are displayed.  

To the best of our knowledge, there were no reports based on PbS QDs EPD with acetone as a 
suspending medium, and also, the particles were well dispersed and stable in the suspension because 
the nanocrystallites in the PbS powder were 16 nm, which was found to be less than the excitonic 

(b) 

(a) (b) 
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Bohr radius (for PbS rB = 18 nm). From fig. 9a, at the lower magnification, it is visible that the 
clusters of PbS QDs are evenly assembled. As seen in the optical microscope image, the duration of 
120 s led to uniformity of the as-deposited film. The surface coverage has been achieved, and the 
resulting film is free from voids, which could happen if the duration of deposits exceeds. Also, in 
fig. 9b, the growth tendency of clusters led to the growth of an island (as marked in the circle), which 
was as similar as stated in [63]. To understand in detail about the formation of the island, the 
magnified image is presented in Fig. 9c. Interestingly, the organization of rice-like nanostructures 
that have grown perpendicular to the ITO substrate can be observed. Remarkably, rice-like 
nanostructures are embedded within the island, and the smaller-sized particles are assembled around 
them, which was presented in Fig. 9f. Comparing the FESEM image of PbS powder, the rice-like 
geometric arrangement was retained under EPD. Such an arrangement of self-organized fractal 
structures is the characteristic of quantum dot assemblies [53,64,65]. 

            

  

  

Figure 9: (a–f) SEM images of PbS deposit. 

According to researchers [12], the particles with similar diameter tend to assemble themselves 
and get packed together and form the orderly packed area. The same analogy happened with the 
deposition of PbS QDs. The deposition voltage of 30 V and deposition duration of 120 s could be 
considered as the optimal conditions for EPD of PbS QDs, because it has good surface coverage, 

(a) (b) 

(c) (d) 

(e) (f) 
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but in some regions, there is a field-induced aggregation of PbS QDs, which led to deposition of 
larger aggregates seen in the higher magnification image (Fig. 9d). Similar kinds of fractal 
formations of CdSe QDs under the influence of an electric field by the electrophoretic deposition 
method were reported [66]. The growth of the second PbS QDs layer could be noticed after the 
completion of the first layer, where small 2D islands were formed on the first layer. This 
phenomenon of filling of the second layer is similar to the growth of the first one. This characteristic 
behavior is known as layer-by-layer or even termed as the Frank-Van der Merwe growth mechanism. 
By clearly looking into Fig. 9e, we see a network of thin chains that got merged during the formation 
of the 2nd layer (as marked in the blue-colored circle). In EPD of PbS QDs, aggregation of clusters 
was seen. As per literature [12], during the formation of clusters, it rapidly grows along the z-axis 
with respect to the plane of the film as shown in Fig. 10, and the distance above which they try to 
attract the newly arrived particle on the surface increases. According to Boehmer [67], particles that 
arrive at a cluster tend to move around its boundary until they reach their most favorable electrically 
driven position, i.e., the place where they may have been merged into the already prevailing lattice. 
Such kinds of ordered arrays of nanostructures in 2D configuration exhibit novel properties that are 
not attainable in individual particles. 

 
Figure 10: Representation of the growth of PbS deposits along the z-axis with respect to the plane of the 

film. 

Overall SEM images of PbS deposits explain that EPD at 120 s, with 30 V, islands of 
nanostructures begin to form. Additionally, along with these islands, small clusters of nanostructures 
and individual nanoparticles were deposited on the surface of the electrode. It is significant to 
mention that the individual particles that existed in suspension used for EPD were only a few 
nanometers (nm) in size when deposited based on the interaction of the layer adjacent to the substrate 
and the particles assembled themselves and got deposited, which was driven by the applied electric 
field. The interaction energy between the dispersed particles could be explained by two mechanisms: 
Van der Waals and electrostatic forces [68]. Potential areas of applications include photovoltaic 
cells, antireflecting coatings, luminescent devices, sensors, diodes, optoelectronics, etc. Self-
assembled nanostructures of PbS powder deposited using the EPD method will pave the way for 
utilizing EPD as an alternative and pollution-free route to deposit the self-organized deposition 
method of semiconductor QDs for photovoltaic applications and photodetectors. To understand 
more about the electrically driven ultrafine PbS QDs as self-organized deposits in certain island-like 
areas, the conductivity characterization is yet to be analyzed, and we are waiting for some interesting 
results. 

5 Conclusion 
In summary, quantum dots of lead sulphide, a semiconductor with its application in 

photovoltaics and optoelectronic devices, were synthesized and evaluated before using it for 
electrophoretic deposition using PXRD and FESEM analysis. Using EPD, PbS QDs were deposited 
and organized under the applied electric field, fixing the deposition parameters as constant. The 
obtained results in SEM suggest that deposition of PbS QDs is influenced by particle size and 
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concentration of suspension, which leads to the formation of islands and the growth of more ordered, 
stacked, self-organized arrays by the electrophoretic deposition method.  

Moreover, comparison between PbS-film fabricated from PbS-powder played a vital role in 
charge formation during the EPD process and generated a uniform and crack-free deposit. Under the 
conditions of deposition parameters of 30 V, td = 120 s is characterized by a novel ring-shaped island 
where the ultrafine nanostructures were stacked, which were surrounded by clusters of PbS 
nanocrystallites. Hence, a smooth and uniform PbS film was obtained with the applied electric field 
strength and lower deposition time. In this work, EPD of PbS QDs, the charged particles, were 
spontaneously organized into self-assembled and more ordered rice-like structures. Such an 
assembly of self-organized nanostructured materials finds its applications in optoelectronics, energy 
storage devices and photovoltaics. 
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