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PbO NPs have been prepared by green synthesis. The diffraction patterns of α-PbO-NPs 
are shown by the XRD pattern, and the β-PbO-NPs have proven the tetragonal and 
orthorhombic structure. PbO has an optical energy gap of 4.2 eV. The FT-IR observed 
bond at 676 cm-1 attributed to the existence of PbO stretch. Nanoparticals with spherical 
and semi-spherical shapes are formed, as seen in the SEM image. The average particle size 
was under 100 nm. Fabrication and characterization of a high performance Ag/PbO/PSi/p-
Si/Ag heterojunction photodetector. The photodetector's responsivity was 0.7 A/W at 850 
nm. The maximum detectivity and quantum efficiency spectra 1.009 ×1013 at 850 nm and 
3×102 at 200nm which indicates that PbO NPs made using this technique have a good 
chance of being used to create porous silicon photodetectors with high performance 
heterojunctions. 
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1. Introduction  
 
One of the most fascinating fields that produces and uses materials with interatomic 

structural properties is nanotechnology. Nanotechnology has emerged as a scientific innovation in 
the 21st century. Nanoparticles are described as particles with a size between 1 and 100 
nanometers and having dimensions measured in billionths of a meter. Nanomaterials have 
different applications in agriculture [1, 2], medical, electronic chemical and pharmaceutical fields, 
Medicine, electronics, chemistry, and pharmaceuticals [3-5]. When compared to the traditional, 
larger building units of substances, nanoparticles have unique characteristics and react differently 
The specific features of metal and metal oxide nanoparticles, including their catalytic efficacy and 
optical, electronic, antibacterial, and magnetic traits [6-8], are contingent on their dimensions, 
configuration, and chemical environment [9]. By employing physical, chemical, or biological 
techniques, the dimensions of these building blocks and their arrangement can be altered to 
regulate these traits [10]. Lead comes in various oxide forms, such as PbO, PbO2 (α, β, and 
amorphous), Pb2O3, and Pb3O4. These types of lead oxide are important in many industries, 
including battery production, gas sensing technology, pigment and paint manufacturing, ceramics, 
the glass industry, and synthetic organic chemistry where it serves as a catalyst [11]. The behavior 
and properties of lead oxide nanoparticles can be significantly influenced by their various 
morphologies. Lead oxide has the ability to take on several forms such as nanostars, nanorods, 
nanodendrites, and nanopowders [12-15] nanosheets, nanotubes and nanoplates, [16]. α-PbO, 
which has a tetragonal crystalline structure, appears red and possesses a bandgap of 1.9–2.2 eV. It 
is commonly referred to as litharge and is known to remain stable at room temperature. In contrast, 
β-PbO exhibits an orthorhombic crystalline structure and has a yellow hue with a bandgap of 2.7 
eV. It is known as massicot and appears to be stable at high temperatures, specifically above 
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488°C. [17]. The aim of this   paper prepared PbO NPs by green synthesis method, study of 
properties (XRD, SEM, UV and FTIR) and fabrication of heterojuncation in order to use in solar 
cells, detectors  applications. 

 
 
2. Experimental part 
 
The first step, about 1 g of Haematoxylum brasiletto powder dissolved in 100 ml de-

ionized water the solution subjected to constant stirring at 60 oC for 30 min and the extract filtered 
by Whatman No1 filter paper. The second step, lead oxide nanoparticles prepared by green 
synthises method. About 3.67 g of lead bromide dissolved in Distilled water under vigorous 
stirring at 70 oC for 1h. HCl was gradually added (approximately 100 µl) to obtain homogenize of 
solution. The Haematoxylum brasiletto extract gradually added until a color change occurs in the 
solution (approximately 20 ml) ; this change indicates the reaction and formation of nanoparticles 
in solution as in figure 1. Finally, some of solution deposited on glass substrate in order to 
structural properties study of PbO NPs by drop casting method as in figure 2a (it used about 6 
drop). 

 
 

 
 

Fig. 1. Helichrysum sanguineum powder on the lift, in middle the solution of PbBr2, PbO2 NPs colloidal on 
the right. 

 
 

 
(a)                                                                                 (b) 

 
Fig. 2. (a) The drop casting method; b practical setup of photoelectrochemical etching technique 

 
 
The etching process starts after cleaning the Si slides , where  Si are immersed in HF 

(40%)-Ethanol (99.99) (1:1) mixture at room temperature , the shiny surface of the slide placed 
toward the light source in this way; the holes were prepared (positive charge) necessary to carry 
out the etching process. Au ring used as an electrode and the light source used a Halogen lamp 
with a light intensity of the amount 100 mW/cm2, which provides lighting intensity with a uniform 
distribution to ensure homogeneity of the etch layer, where the intensity of the lighting is 
controlled by moving the light source as in Fig.2b. 10 mA/cm2 current density applied for the 
period (10) min to produce an etched area of the sample almost (0.785) cm2. 
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3. Results and Discussion 
 
3.1. Structural and Morphological Properties 
Figure 3 shows XRD patterns of thin film of PbO 2θ between (10-80) that the prepared by 

green synthesis (Helichrysum sanguineum extract) and deposited on glass substrate by drop 
casting. It note PbO thin film has a polycrystalline structure with Miller indices of (100), (101), 
(111), (002), (011), (112), (211) and (202) can be indexed to the crystal structure of PbO-NPs 
(38,39) which are in accordance to  [16,18] . Using the Scherrer formula, the average sizes of the 
PbO nanoparticles' crystallites were determined [19] where  was (58.62) nm. 

 
G.S = 0.9λ/ B cos θ                                                                      (1) 

 
The equation for calculating the mean crystallite size (G.S) involves several parameters, 

including the wavelength of CuKα (λ = 1.5405 Å), the full width at half maximum (FWHM) 
denoted by B, and Bragg's diffraction angle represented by θ. 

 

 
 

Fig. 3. XRD pattern of PbO nanostructure. 
 
 
When it comes to verifying the dimensions of nanoparticles, SEM is regarded as the most 

effective tool. Figure 4 shows images of SEM different magnification for PbO nanostructure that 
prepared by green synthesis method and deposited on glass substrate. It observed the particles 
spherical and elliptical shape with average diameter less than 100 nm as shown in yellow lines in 
image. 

 
 

  
 

Fig. 4. SEM images of PbO thin film in different magnifications. 
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Figure 5a shows the absorption spectra of PbO NPs colloidal as a function of wavelength 
in range (200-110) nm. The absorption spectrum behavior is opposite for transmittance spectra 
behavior as shown in the inner Figure. It observed the absorption spectrum exhibits a gradual 
reduction in intensity as the wavelength increases and the highest value was at (85 %). It observed 
the maximum of the localized surface Plasmon resonance (LSPR) spectrum was 240 nm and 
another peak at 450 nm, may be due to yellow color of solution, or may be indicate to different 
size of particles present in solution. The energy of the band gap was calculated using Tauc relation 
[20, 21]: 

 
(αhν) = A (hν–Eg) 

 
The absorption coefficient, denoted as A, can be expressed in terms of the photon energy 

(hν) and the energy of the band gap (Eg). For direct band gap n = 1/2.  
Fig. 5b, It has been noted that the synthesized PbO-NPs exhibit a band-gap value of 

4.2eV, as calculated [18, 22]. The band-gap values of α-PbO and β-PbO are significantly greater 
than the band-gap of regular lead oxide, with α-PbO and β-PbO having band-gap values of 1.92 
and 2.7 eV, respectively due to quantum confinement effect [23]. The band-gap and particle size 
have an inverse relationship; as the inverse relationship between particle size and band-gap 
indicates that the synthesized solution exists in the nanoscale range. Specifically, as the particle 
size decreases, the band-gap increases, which serves as a clear demonstration of the solution's 
nanoscale nature.  

 
 

    
 

Fig. 5. (a) Absorbance spectra and (b) Tauc-plot for energy bandgap calculation of PbO nanoparticles. 
 
 
The vibrations of the groups present in the sample can be analyzed by means of FT-IR 

spectra. The transmission spectra of PbO nanoparticles are presented in Figure 6. The band 
observed at 3409 cm−1 corresponds to the OH stretching vibrations. The bands at 2895 and 2925 
cm−1 arise from the alkyl chains' antisymmetric vibration of C-H bonds. The C=C bond gives rise 
to a strong peak at 2361 cm−1, while the C=O stretching is observed as a weak band at 1740 cm−1. 
The OH bending vibration in adsorbed water and C=C results in strong and intense peaks around 
1460 and 1557 cm−1, respectively. The stretching vibration modes at 1651cm-1 and 1075 cm-1 
correspond to (C=O) and C-O, respectively, which indicate a minor contribution of CO2 
dissolution from the air. The asymmetric bending vibration of the Pb-O bond is represented by a 
sharp peak around 668 cm−1 [25]. 
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Fig. 6. FTIR spectrum of lead oxide nanoparticles. 
 
 
A relatively thick film of pure Ag metal (100 nm) was deposited on the PSi/Si substrate to 

create the back contact electrode. On the front surface of the PSi/Si wafer, PbO with a thickness of 
80 nm was deposited using the drop casting method. Next, a front contact of mesh Ag metal was 
deposited onto the PbO2 layer to serve as an ohmic electrode. This front contact exhibits a low 
contact resistance and high stability with the PbO layer, as shown in Figure 7. The active area of 
the junction measures 0.785 cm2. The I-V characteristics of the Ag/PbO/PSi/p-Si/Ag 
heterojunction were measured in both dark and illuminated conditions using a Keithly 6517B 
electrometer. 

 

 
 

Fig. 7. Illustrates the schematic diagram of the PbO/PSi/p-Si heterojunction. 
 
 
The schematic diagram of the I-V characteristics of the PbO/PSi/p-Si heterojunction at 

room temperature in both forward and reverse bias as shown in Figure 8. The current different 
with bias voltage in different regions, this due to different mechanisms control its value, The 
forward current in the experiment was analyzed and divided into two cases. In the first case, as the 
bias voltage was increased, the current showed a slight increase, suggesting that the dominant 
current was due to recombination. In the second case, at higher bias voltages, the current showed 
an exponential increase, indicating that diffusion current was dominating [26-28]. Additionally, 
the reverse current initially showed a slight increase at low voltages, but after a bias voltage of 2V 
was applied, it increased due to surface leakage current flowing through the edges of the 
heterojunction. 
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Fig. 8. I-V characteristics of PbO/p-Si heterojunction in forward and reverse bias. 

 
 
Illustrated in Figure 9 are the I-V characteristics of the PbO/Psi/p-Si heterojunction 

illuminated by white light, showcasing an increase in photocurrent with bias voltage due to the 
expansion of the depletion region. Moreover, an augmentation in light intensity leads to a 
corresponding increase in photocurrent, when the light incident on Ag/PbO/PSi/p-Si/Ag 
heterojunction the visible light incident on Ag/PbO/PSi/p-Si/Ag heterojunction passes through 
PbO layer, get absorbed by PSi and Si substrate and then e–h pairs generated near the PbO/PSi/p-
Si interface [29-32]. 

 

 
 

Fig. 9. I-V characteristics of PbO/p-Si heterojunction reverse bias under dark and illumination. 
 

 
Responsivity is the key parameter for photodetectors, and it is defined as the ratio of 

generated photocurrent to incident light power. Figure 10 illustrates the wavelength-dependent 
responsivity of PbO/PSi/p-Si heterojunction photodetector in the range of (200-110) nm, which 
was measured under 3V bias. It note the maximum responsivity was 0.7A.W-1 at 850 nm. 
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Fig. 10. The responsivity as function of wavelength. 
 
 
Fig. 11 shows the detectivity and quantum efficiency spectra as function of wavelength in 

range (200-110) nm for PbO/PSi/p-Si heterojunction measured at 3V bias. It found the maximum 
detectivity 1.009×1013 (cm .Hz1/2W-1) at 850 nm wavelength. At 200 nm, the Photodetector 
displays a quantum efficiency of approximately 3×102, implying a high level of carrier collection 
efficiency [26-28]. The free path for the charge carriers) was 1.5 msec as shown in the inner image 
in Figure 11. 

 
  

    
 

a)                                                                           b) 
 

Fig. 11. a) Detectivity and b) quantum efficiency spectra as function of wavelength 
 

𝐹𝐹.𝐹𝐹 = 𝑉𝑉𝑚𝑚𝐼𝐼𝑚𝑚
𝑉𝑉𝑜𝑜𝑜𝑜𝐼𝐼𝑠𝑠𝑠𝑠

 *100%                                                                    (2) 
 

𝜂𝜂 = 𝑃𝑃𝑚𝑚
𝑃𝑃𝑖𝑖𝑖𝑖

= 𝑉𝑉𝑚𝑚 𝐼𝐼𝑚𝑚 
𝑃𝑃𝑖𝑖𝑖𝑖

∗ 100%                                                                 (3) 
 

The open circuit voltage (VOC) was determined at (I = 0), while the short circuit current 
value (ISC) determined at (V = 0), the filling factor calculated according to the relationship (2). The 
maximum current value (Im) and the maximum value of the voltage (Vm) have been determined, 
thus extracting the maximum power from the product of (Im. Vm), and from the previous values 
the cell efficiency (η) calculated according to the relationship (3) [33,34,35] for solar cell as shown 
in Figure 12. The values of parameters for manufactured solar cell [36] were (Voc= 50 mV), (Isc= 
12.6µA), (Vm= 25 mV), (Im=6 µA), (F.F= 23.8), (η = 0.2%) respectively. 
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Fig. 12. (I-V) curve Ag/PbO/PSi/p-Si solar cell. 
 
 
4. Conclusion  
 
Through the utilization of electrochemical etching of silicon and the deposition of PbO 

thin films by drop casting, the PbO/PSi/Si heterojunction was fabricated successfully. The p-
PbO/PSi/p-Si heterojunction demonstrated proficient performance in applications such as 
photodetectors and solar cells, where PbO show a good responsivity in photodetector and 
efficiency of solar cell.  
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